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EXECUTIVE SUMMARY 

Irrigation has contributed to the increase of agricultural yields and the improvement of food 
security in the Lower Mekong Basin (LMB). To enhance agricultural production, more than 
10,000 dams and weirs have been built throughout LMB, and many more are planned or 
under construction. Irrigation is a major consumer of fresh water, which accounts for 12% of 
the average annual flow in the LMB. As a consequence, water flow in the Mekong and its 
tributaries has decreased. Increasing demand for irrigation also impacts biology, the 
environment, and other water uses in transboundary basins in the LMB.  

In addition, natural disasters significantly damage agricultural production as well as food 
security in the LMB. In particular, drought not only reduces yields, but also prevents farmers 
from growing crops in the dry season. Floods damage irrigation structures, which suspend 
agricultural production in the long term. Salinity intrusion also reduces crop yields and 
interrupts crop cultivation due to soil salinization over a long period.  

Some irrigation projects in the LMB do not properly supply water to the fields due to improper 
project management. Some water is not consumed for agricultural production and is released 
to public water bodies as dead flow, which exacerbates the drought situation and the salinity 
impacts. In addition, low drainage capacity of irrigation structures in the LMB exacerbates 
flood damage to agriculture.   

To address these issues, the irrigation system in the LMB needs to be improved, and a clear 
engineering guidance is necessary for LMB countries. Therefore, the Mekong River 
Commission (MRC) has been implementing Activity 3.2.1.2, “Identify opportunities, promote 
and provide guidance on irrigation development opportunities, for adaptation to climate 
change, improved food security, and reduced inequity”, since January 2021.  

One of the objectives of Activity 3.2.1.2 is developing a preliminary guidance for applicable 
irrigation techniques and technologies in the LMB with a focus on: (i) climate change and 
natural disasters; (ii) the impacts of irrigation development, e.g. water level reduction in 
rivers; and (iii) problems in irrigation project management in the LMB, based on global 
experience, the LMB context, and the local conditions of irrigation systems. 

The Guidance also indicates the defects of irrigation techniques and technologies being 
utilized in the LMB and suggests where improvements could be made for better utilization. It 
shows techniques for planning, design, construction, operation and maintenance, and the 
technologies at both the system and field level. Furthermore, the Guidance categorizes the 
technologies in three technological levels (low, middle, and high) so that the MRC Member 
Countries will be able to select them in accordance with their own irrigation development.  

The MRC expects this Guidance to be used by the LMB countries to mitigate the impacts of 
climate change and natural disasters, address problems in the irrigation sector, and improve 
the irrigation systems in the LMB.  
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1. INTRODUCTION  
 
 

1.1 Background and need for the Guidance 
 
Irrigation has played a major role not only in increasing rice yield, but also in improving food 
security in the Lower Mekong Basin (LMB).  Due to irrigation, water shortages have been 
reduced in the wet season and cropping area has expanded in the dry season. In addition, it 
has contributed to enhance economy by promoting rice export to countries outside of the 
LMB. As a result, in the LMB, water use for irrigation occupies about 70% of the total water 
use. 
 
However, as the irrigation system is developed and expanded in the LMB, it could reduce the 
water level in the Mekong and available fresh water for other sectors, for example, 
environmental protection for biodiversity in rivers and streams as well as domestic and 
industrial use. Due to water flow reduction, rivers and streams are at risks of not maintaining 
environmental flow, which is the minimum quantity of water flow for preserving the biology 
in a river system. 
 
In addition, irrigation development risks deteriorating water quality in rivers and streams 
owing to soil erosion or mud water discharge from construction sites and similar 
infrastructure construction and poor construction management (MRC, 2018a). More 
pesticides and chemical fertilizers are introduced in the fields due to larger irrigation areas, 
and they are discharged with water from the fields to public water bodies such as lakes, rivers 
or streams, which reduces their water quality.  
 
The impacts of climate change and natural disasters on food security also need to be 
considered. It is predicted that climate change will increase the intensity and duration of 
droughts as well as the frequency of extreme floods. Drought reduces agricultural production 
and constrains dry season cultivation. The Mekong Delta also experience salt intrusion in the 
dry season from the sea due to the reduction of water flow in the Mekong River, which 
damages agricultural production.  
 
In particular, the LMB frequently experiences floods caused by changes in rainfall patterns. 
Every year, floods affect large areas in the LMB and damage agricultural production, and 
affects the lives and property of the riparian populations. Moreover, floods sometimes 
damage irrigation reservoirs, weirs, canals and gates, which have low resilience due to poor 
quality construction or maintenance. Some walls of the canals and weirs collapse due to flood, 
which stops agricultural production. What is worse, flash water sometimes collapses dams 
and reservoir bodies. Flood water stays in fields for a long period and damages agricultural 
production due to the low capacity of the drainage system. In particular, the mountainous 
regions of Lao PDR, Cambodia and Viet Nam have high flash flood risk, which may expose 
crops and infrastructure to potential damage.  
 
Irrigation project management is essential to plan water supply in a target area, design and 
construct a good quality of structures, maintain and rehabilitate them. Due to improper 
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irrigation project management, water is overused for crop growth and wasted as dead flow 
without being supplied to farmlands. Furthermore, water leaks from cracks in irrigation 
structures due to low quality of construction or to aging. A lack of maintenance accumulates 
debris and sediments in reservoirs and canals, and lowers drainage capacity during heavy rain. 
A lack of irrigation project management is also vulnerable to natural disasters. 

Therefore, the MRC Member Countries requested the MRC to show guidance to mitigate the 
above-mentioned irrigation issues by examining their currently using techniques and 
technologies, modernizing them, and enhancing quality infrastructure. Since June 2020, the 
MRC has been conducting Activity 3.10.1, “Develop, test validity and finalize the draft 
guidance at selected sites” under the MRC Strategic Plan 2016–2020, and in October 2021, 
finalized the “Guidance for improving irrigation systems to address climate change and food 
security” under Activity 3.2.1.2 of the MRC’s new Strategic Plan 2021–2025, in consultation 
with the MRC Member Countries.  

1.2 Concept and structure of the Guidance 

The Guidance describes techniques and technologizes for mitigating the impacts of climate 
change and natural disasters, as well as irrigation development and overcoming problems in 
irrigation project management of the LMB.  

The Guidance indicates the techniques, which are specialized procedures and methods, for 
planning, design, construction, maintenance and operation, which will be useful for and 
applicable in the LMB and indicates ways for improvement for a more efficient, practical use. 

The technologies, which consists in the application of scientific methods or materials, 
indicated in the Guidance are categorized into system levels or field levels so that the 
governments will be able to utilize them in accordance with their irrigation development.  

To draft the Guidance, the MRC reviewed the current irrigation water use, irrigation 
development, as well as techniques and technologies used globally and the LMB. The MRC 
also interviewed each irrigation department of Cambodia, Lao PDR, Thailand and Viet Nam 
about their irrigation polices and challenges in the irrigation sector.  

The Guidance is composed of eight sections: 

Section 1 introduces the background and needs for the Guidance and its concept.  
Section 2 summarizes irrigation development and policy in the LMB. 
Section 3 raises the issues of the irrigation sector in the LMB  
Section 4 indicates the necessary actions to address the issues in the irrigation sector.  
Section 5 provides guidance on techniques to address the issues in the irrigation sector. 
Section 6 provides guidance on technologies to address the issues in the irrigation sector. 
Section 7 summaries for the guidance. 
Section 8 is the conclusion. 
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2. IRRIGATION DEVELOPMENT AND POLICY IN THE 
LMB 

 
 

2.1. State of irrigation in the LMB  
 
All the MRC Member Countries have plans to expand irrigation areas to increase rice 
production and its exports, diversify food production, and improve their food security and 
rural poverty. However, there are differences in irrigation expansion among the countries. In 
the past 30 years, in Lao PDR and Cambodia, there has been low development of their 
irrigation sectors compared to Thailand and Viet Nam, which had been rapidly developed 
their irrigation infrastructures until the 2000s. Currently, the total developed irrigated area in 
the LMB is estimated at between 4.0 million ha and 5.0 million ha (MRC, 2018b). The share of 
the developed irrigated area at present is shown in Figure 1. 
 

     
Figure 1. Current share of the developed irrigated areas 

Source: MRC (2018b) 
 
 
The total irrigation area in the LMB could nearly double in the long term, reaching up to 7 
million ha. In these hypothetical plans, Lao PDR, Cambodia and Thailand would dramatically 
increase their developed area, whereas there would be very limited development in Viet Nam 
(MRC, 2018e).  
 
A variety of irrigation systems have been used for rice cultivation in the LMB. Gravity irrigation 
with open channels is the typical irrigation system for most public schemes. Modernization in 
the irrigation sector has also transformed and upgraded some gravity schemes served by 
pressurized pipeline systems. In addition to the large public schemes, small-scale irrigation is 
practised throughout the LMB. The combination of farm pond and mobile pump is widely 
used by the smallholders practising subsistence agriculture (MRC, 2018b). 
 

Viet Nam Viet Nam 
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Although the proportion of irrigated land is small, its productivity is much higher than from 
rainfed cultivated areas, in Cambodia and Lao PDR, for example, rice yields in irrigated paddy 
in the dry and wet seasons are higher than those in rainfed paddy by 35%–65% and 20%, 
respectively. Since the development of agricultural production in the dry season in limited, 
the Member Countries have policy and plans for irrigation development to enhance and 
protect crop production (MRC, 2018e). 
 
Irrigation areas in the LMB are concentrated in the Mekong Delta in Viet Nam, Tonle Sap Lake 
in Cambodia, Northeast in Thailand, and Vientiane in Lao PDR (Figure 2). 
 

Figure 2. Existing irrigation area 
Source: MRC (2018e) 
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2.2.  Cambodia 
 
2.2.1 State of irrigation development  
 
In Cambodia, the irrigated areas are still limited. The major water resources for irrigation are 
mainly from the Mekong River, its tributaries and Tonle Sap Lake. The operating irrigation 
schemes can be divided into four main categories (FAO, 2011): 
 
 River, lake or stream diversion by gravity. These systems are used for wet season 

supplementary irrigation because there are no storage facilities. Offtakes are generally 
uncontrolled, although in some cases, water level control is provided by diversion 
weirs. 

 Water pumping from rivers. These systems can provide water for both the wet and 
dry seasons.  

 Reservoirs storing water from runoff, streams or rivers for wet season, supplementary 
irrigation. Water is abstracted from the reservoir by gravity or mobile pumps provided 
by farmers.  

 Reservoirs storing flood waters from the Bassac, Mekong and Tonle Sap confluence 
and released by gravity or mobile pumps for a dry season recession crop only. These 
areas also benefit from natural flooding for land preparation. The crop is transplanted 
as the floodwater recedes and is irrigated during the growing season with water stored 
in nearby reservoirs.  
 

There are 2,544 irrigation projects registered with the Government of Cambodia, 54 of which 
are classified as large-scale covering more than 5,000 ha, 1,243 as medium-scale, covering 
200 ha to 5,000 ha, and 1,254 are small-scale covering less than 200 ha. According to the 
Ministry of Water Resources and Meteorology (MOWRAM), many of the registered projects 
do not function well and perform below their potential. 
 

Table 1. Scale of the registered irrigation projects and their beneficially area  
 

Scale of project Area covered by each 
project 

 Beneficiary area (ha) Percentage of projects 
(%) 

Large-scale  >5,000 ha 392,000 ha 2% 
Medium-scale  200 ha to 5,000 ha  638,000 ha 49% 
Small-scale  < 200 ha  63,000 ha 49% 
Total   1,093,000 ha  

Source: MOWRAM (2021) 
 
2.2.2 Irrigation policy  
 
The MOWRAM is responsible for irrigation development and rehabilitation throughout the 
country. It drafted the Strategic Development Plan (2014–2018) on water resources and 
meteorology, which will cover 387,907 ha of agricultural areas (MRC, 2018b). Engineering 
irrigation and drainage works were completed with poorly planning with poor design criteria 
during the Khmer Rouge regime. Many of the irrigation systems were constructed in the 
1970s without adequate technical input; hence, it can be difficult to operate and costly to 
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maintain. The MOWRAM has been planning irrigation development by requalifying and 
rehabilitating irrigation systems (MRC, 2018b).  
 
The Royal Government of Cambodia has agreed on the MOWRAM’s plan to introduce 
regulations for farmers’ water user communities throughout the country to maintain 
agricultural areas and irrigation facilities. This plan also contributes to increasing the 
effectiveness of water usage and irrigation facility maintenance by collecting irrigation service 
fees from beneficiaries to reducing expenses in maintaining irrigation facilities (MRC, 2018e). 
During 2009–2013, the MoWRAM established 109 farmer water user communities (FWUC), 
where irrigation development supports 13,899 households in expanding 31,948 ha of paddy 
fields in rainy seasons and 17,587 ha of paddy fields in dry seasons (MRC, 2018b). 
 
According to the MOWRAM (2021), the latest irrigation policy aims at expanding irrigated 
lands and improving irrigation efficiency for water resource management and reducing 
impacts of natural disasters i.e. flood and drought. In addition, the MOWRAM plans to repair 
the existing irrigation system, construct water storage structures and strengthen Water User 
Associations (WUAs) for better water use.  
 

2.3.  Lao PDR  
 
2.3.1 State of irrigation development  
 
In Lao PDR, for a long time, farmers have mainly used small-scale irrigation systems that 
withdraw water from rivers by gravity in the wet season, or by small diesel pumps in the dry 
season. Since 1981, Lao PDR has been introducing a large-scale irrigation system. According 
to the Lao irrigation law enacted in 2013, the irrigation schemes in the country are classified 
into four scales: community-scale schemes less than 10 ha, small-scale schemes from 10 ha 
to 100 ha; medium-scale schemes from 100 ha to 1,000 ha; and large-scale schemes above 
1,000 ha.  
 
The irrigation and flood control system in Lao PDR consists mainly of the following: dams, weir 
reservoir, canal systems, pump stations, small pump machines, small dike systems, sluice 
systems or temporary dams. Irrigation development is very important in increasing 
agricultural production to mitigate the impacts on climate change (MRC, 2018c).  
 
According to the DWRM of Lao PDR, pumps supply water to about 60% of farmlands in the 
dry season. Since 85% of the canals are not concrete, there is a great deal of water delivery 
loss.  
 
As of 2020, there are a total of 15,119 irrigation projects in Lao PDR of which 542 projects are 
irrigation systems with reservoir; 2,236 are concrete weirs; 350 are rock weirs; 517 are gate-
controlled; 9,748 are basic irrigation systems; 419 use medium and large pumps; and 1,307 
use small pumps. The total length of the canal in the country is 5,293 km, of which 783 km 
are constructed by concrete and 4,510 km by earth (Department of Irrigation, 2021). 
 
Lao PDR needs to take different approaches to irrigation development between regions that 
have different geographic, demographic, economic, and social conditions due to their 



8 
 

diversities. The agroecosystem in Lao PDR is composed of four major types: the uplands 
mountainous, the lowlands/flatland flood plains of the Mekong River, the elevated plateau of 
the Boloven, and the sub-urban areas of Vientiane Capital and major cities (MRC, 2016). 
 
a) Upland in the northern, central, and south-eastern regions 
These regions border Viet Nam. These regions are generally defined as the seven provinces 
of Phongsaly, Luangnamtha, Bokeo, Oudomxay, Laungprabang, and Sayabury. The uplands of 
the central and south-eastern region is located in Vientiane, Bolikhamxay, Savannakhet, 
Khammouane, Saravan, Xekong, and Attapeu provinces. 
 
Irrigated agriculture production in the uplands relies on small-scale irrigation along the ridges 
of mountains and hills. Irrigation mostly aims to supplement the supply of water during the 
raining season with a very limited potential for dry season production. The development in 
the uplands focus on local food security needs. One development option in the area is storing 
water in small reservoirs for animal husbandry and for mitigating drought. 
 
b) The Mekong River flood plain areas 
The low land areas are located in the major plains covered by the Mekong River and its 
tributaries comprising: (i) Vientiane plain covering the Nam Ngum River watershed and three 
provinces Xiengkhuang, Vientiane province and Vientiane Capital; (ii) Central Plain covering 
the Nam Mang, Nam Niap, Nam San, Nam Kading/Nam Theun, Nam Done, and Sebanggfai 
Rivers’ watersheds in Bolikhamxay, Khammouane, and Savannakhet province; and (iii) 
Southern Plain covering the Xechamphone, Xebanghieng, Xebangnouan, Xedone Rivers’ 
watershed in Savannakhet, Saravane, and Champasak provinces. 
 
Rice is a main crop in the flood plain areas. In recent years, production of cash crops such as 
maize, sweet corn, and vegetables has drastically increased in the areas. The flood plain areas 
focus on irrigated agricultural production to produce supplementary dry season rice in order 
to ensure food security and high-value crops for value-added processing and export to 
domestic, regional, and global markets. In the areas, irrigation also supplements water 
allocation during drought.  
 
In the south (Savannakhet and Saravance), there are large dry land areas that have limited 
potential for irrigated agriculture during the dry season. Small reservoirs for animal husbandry 
and for drought are one of the options in this area. 
 
In the last two decades, pump irrigation system has been set up in the flood plain areas. A 
new public management model is expected to improve the efficiency of the irrigation 
schemes as one development option. 
 
c) The Boloven Plateau 
The Boloven Plateau, which covers the provinces of Champasak, Sekong, Saravane, and 
Attapeu, benefits from high elevation, abundant rainfalls, and fertile basaltic soil. Intensive 
production of vegetables, coffee, fruit trees, and rubber tree plantations are prevalent in the 
Plateau. Irrigated agriculture using high irrigation technology such as drip and sprinkler 
irrigation is one of options introduced in the area to increase the yield and quality of the 
products.  
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d) The urban areas of Vientiane capital and major cities 
In the Vientiane capital as well as in the major cities of Savannakhet, Pakse, Thakhek, and 
Luang Prabang, there are irrigated areas that have the potential to harvest vegetables, fish 
and aquatic cultures to be sold in nearby urban markets. Irrigated agriculture using high 
irrigation technology such as drip, sprinkler and rain irrigation is one of options introduced in 
the area to increase the yield and quality of the products. 
 
2.3.2 Irrigation policy  
 
Lao PDR plans to replace the pumps with gravity irrigation systems to reduce the cost of 
irrigation service and production. According to an estimate based on project plans and 
feasibility studies, 71 integrated irrigation agriculture projects have been planned in Lao PDR 
between 2015–2040. These projects will be able to supply water to irrigable area with 
415,501 ha in the wet season and 323,144 ha in the dry season (MRC, 2016). 
 
From 2016 to 2020, 132 projects out of a total of 165 construction projects were completed, 
which supply water to a total area of 13,057 ha in the rainy season and 9,592 ha in the dry 
season.  
 
 Lao PDR developed the Five-year Irrigation Development Plan 2021–2025 (Department of 
Irrigation, 2021) to enhance integrated water resources management in irrigation systems. 
Lao PDR will conduct feasibility studies and introduce modern technologies into the system 
to supply water to 284,800 ha of farmlands in the rainy season and 170,000 ha in the dry 
season. The Plan focuses on the seven large plains: Vientiane Plain, Bolikhamxay Plain, 
Xebangfai Plain, Xebanghieng Plain, Sedon Plain, Champasak Plain, Attapeu Plain, and North 
Plain as well as mountainous areas. To implement this Plan, Lao PDR will mainly: (i) 
rehabilitate the irrigation structures; (ii) enhance resilience against floods and drought; (iii) 
build capacity for WUAs; and (iv) expand irrigated areas. 
 
In particular, the Plan will restore the medium and large electric pumps in 10 stations each 
year, replace the small pumps with ones equipped with solar panels in 10 areas and upgrade 
the earth canals to brick and concrete canals or pipeline every year. In addition, in order to 
strengthen resilience against floods and droughts, Lao PDR will install early warning 
equipment at large irrigation projects, conduct training on adaptation and disaster risk 
management to communities in vulnerable areas, create risk maps, construct dikes to prevent 
flood and water gates, install pumps to drain water, study the reservoirs along the rivers and 
drainage canals in risk areas, and encourage people to build small dams and dig ponds to store 
water in the dry season, particularly in areas without irrigation. 
 
Furthermore, this Plan aims at enhancing the ownership of WUAs in water management, 
including the collection of irrigation fees and the establishment of irrigation funds. Hence, Lao 
PDR will provide the WUAs with training programmes and educate the trainers at the central, 
provincial, and district levels to support the new techniques/technology and monitor the 
works and financial situation of the WUAs. 
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2.4.  Thailand  
 
2.4.1 State of irrigation development  
 
In Thailand, 5 out of 22 major river basins in Thailand flow into the Mekong River, i.e. Kok, 
Khong (north and northeast), Chi, Mun, and Tonlesap River Basins. These basins cover a total 
area of 188,760 km2 in 21 provinces, i.e. 37% of the country’s total area, and serve 24.6 million 
riparian people, or approximately 38% of the country’s population. The entire area of 
northeast Thailand is in the Mekong River Basin, where the Chi and Mun River Basins, the 
significant river basins, have large catchment areas that constitute 23% of the total area of 
the country (Chuthong, 2015).  
 
The potential area for irrigation development in the Thai part of the Mekong Basin is up to 
4.6 million ha. Currently, 810,000 ha are irrigated (MRC, 2018b). 
 
In Thailand, large-scale gravity irrigation with open channel headworks is the typical irrigation 
system in many parts of the LMB, especially in the northeast of the country. The water is 
withdrawn from large-scale dams, reservoirs, weirs or barrages, and is carried to agricultural 
areas throughout gravity canal systems. Due to the very small gradient of the natural riverbed, 
the barrages can effectively store large amounts of water forming a long lake along the river 
course. Sophisticated piped irrigation systems with small-scale pump schemes are found 
along reservoirs or long lakes to reallocate water to the uplands. The combination of farm 
ponds with mobile pumps is widely used by smallholders in the northeast of the country 
(MRC, 2010b). In particular, the irrigation sector is characterized by large-scale gravity canal 
systems that often draw water from large-scale dams and reservoirs, or large weirs with 
control gates. These irrigation schemes are highly sophisticated engineering works, but they 
change the riverine aquatic ecosystems at a large scale (MRC, 2018a).  
 
Thailand has 134 irrigation projects, which are mainly gravity irrigation projects (119), 
managed by the RID. These projects have the potential to benefit the actual irrigable area of 
872,647 ha with the maximum irrigated rice plantation area of 551,821 ha in the wet season. 
The projects are mainly used for water storage. The irrigation headworks (322) are usually 
located on the routes around the irrigation projects and are mainly irrigation reservoir 
headworks. The existing irrigation areas cover 903,946 ha in northern and north-eastern 
regions of Thailand in the LMB. The current irrigation reservoirs include 177 earth dams and 
79 rockfill dams (256 in total), which are not only constructed for water storage, but are also 
and primarily used for flood control and domestic water supply. The total capacity of the dams 
is 10,547,495 m3, with an irrigation capacity of 6,381,524 m3. No data for existing irrigation 
canal characteristics have been provided by the country (MRC, 2018b). 
 
2.4.2 Irrigation policy 
 
In 2017, the Office of the National Water Resources of Thailand developed the Water 
Resources Act, B.E. 2561 (2018) and the 20-Year Master Plan on Water Resources 
Management B.E.2561–2580 (2018–2037) as the framework for developing national water 
resources and resolving its issues. This Master Plan indicates how to resolve the irrigation 
issues as follows: 
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a) Manage water demand by reducing water usage in agricultural and industrial sectors 
by 182 million m3 and reuse the water for irrigation. 

b) Develop new water retention/water transmission systems by developing the 
retention areas and the irrigation systems, increasing the acquired water volume, and 
developing large, potential groundwater sources, taking into consideration the 
environmental impacts. The water volume can be increased to 13,439 million m3, 
which would benefit over 18 million rai (2.88 million ha). 

c) Develop water diversion systems of 2,596 million m3.  
d) Reduce floods up to 4,612 million m3; reduce 13 million rai (208,000 ha) of flooded 

areas. 
e) Conserve and rehabilitate rivers, canals and natural water sources across the country. 

 
According to the 20-Year RID Strategy Plan (2017–2036), Thailand sets five strategies under 
the RID Strategic Plan for 2017–2036. Strategies 1 to 4 concern irrigation development as 
follows: 
 

1) Develop irrigation and increase irrigation areas through the basin-based approach. 
The water resources and irrigated areas will be developed based on the basin-based 
approach of the master plan. It is necessary to study each area’s specific characteristics 
and needs for designing the specific package of projects for each area. This package 
would include the type and the area of the irrigation development, which would start 
from the small basins, and then link and integrate all of the basins together.  

2) Improve the irrigation and water allocation management in a holistic way and in 
accordance with the type of water usage.  
RID must consider economic value and the irrigation systems’ efficiency to design an 
appropriate plan to improve the irrigation structures. Recent technologies and 
innovation must be utilized in the improvement plan. Subsequently, the RID must 
allocate water based on the types of usage, for instance, consumption, agriculture, 
environmental protection, and industry to ensure that all stakeholders can equitably 
access water according to the water reserve.  

3) Prevent and mitigate water hazards  
There are three main concepts of disaster management: (i) pre-disaster – preventive 
measures; (ii) during the disaster – management measures; and (iii) post-disaster – 
rehabilitation measures. The RID’s role mainly involves pre-disaster preventive 
measures, which include using tools and/or equipment to forecast the disaster or 
monitor the situation, constructing irrigation structures to prevent the disaster, and 
managing the system to prevent or reduce the effects from the disaster. 

4) Build and enhance the collaboration network and participation in water management, 
which entails more than providing information and holding public hearings, at the early 
stage of the engagement. The stakeholders should be involved in the work process in 
order to ensure that their ideas are considered in the policy design. There should be a 
strong collaboration network of the public and private sectors to allow the latter to be 
involved in the decision-making process and to empower the water usage groups by 
facilitating their decision-making regarding the project and water management. 

 
In the Strategy Plan, RID prioritizes establishing the Smart Water Operation Centre for the 
forecasting and warning of natural disasters, rehabilitating aging irrigation projects, 
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inspecting and analysing dam safety and stability, and planning flood and drought response. 
In particular, RID plans to introduce the internet of things (IoT) system to all irrigation systems 
in 2022–2026 to increase the efficiency of irrigation management. Their IoT system includes 
technology of automatic irrigation control and management. In addition, Thailand has set the 
goal to increase irrigated area by 13 million ha and water storage capacity by 9,000 million 
tonnes by 2036.  
 
2.5.  Viet Nam 
 
2.5.1 The state of irrigation development  
 
Viet Nam has two standard systems according to the area. In the Mekong Delta, intensive 
irrigation for rice crops is practised. The natural and engineered network of canals feeds the 
paddy rice plots either by gravity or by pumping, according to the tide. Irrigation systems in 
the Central Highlands (Upper Se San and Srepok Basins) of Viet Nam are typical reservoir–
gravity canal systems. Both the surface and subsurface water resources are currently being 
actively developed (MRC, 2018e).  
 
In the Mekong Delta, irrigation development has increased rice production during the dry 
season and promoted land improvement and agricultural development for diversified and 
higher standards of living. In addition, irrigation development has contributed to the creation 
of new farmlands and shift production from rice cultivation to other crops and aquaculture 
seafood on large coastal areas (MRC, 2018e). Figures 3 and 4 show land use for rice and fruit 
cultivation and aquaculture in the Mekong Delta from 1985 to 2018 (SIWRP, 2021). 
 

Figure 3. Land use for rice crops in Viet Nam’s Mekong Delta, 1985–2018  

 



13 
 

 
 
          
 
 
 
 
 
 
 
 
 
 

Figure 4. Land use for fruits and aquaculture in Viet Nam’s Mekong Delta, 1985–2018 
 
The current irrigation areas cover 3,452,451 ha, and the irrigation canal systems in the Delta 
are very dense and complex, comprising approximately 46,000 ha canals. There are 1,148 
main canals and 41,109 secondary and tertiary canals, for a total length of around 84,000 km 
(SIWRP, 2021). Details on the irrigation structures are provided in Table 2. 
 

Table 2. Irrigation structures in the Mekong Delta  
 Structures  Quantity Length (km) 
Main canals  1,148 14,151 
Secondary and tertiary canals  41,109 69,713 
Sluices (width ≥ 3 m) 997  
Sluices (width < 3 m) 28,621  
River dikes   22,110 
Sea dikes   526 
Pump stations  3,087  

 
Source: SIWRP  (2021) 
 
The irrigation system in the Mekong Delta has different functions in two main areas: (i) in 
flood-prone areas of the upstream region, the major functions are flood control, water supply, 
and containment of drainage, land improvement/alum control, protection of water sources, 
drinking water provision, and aquaculture; (ii) in the coastal areas, for saline control, the 
functions are drainage, water storage and water supply, protection of water resources, land 
reclamation/alum control, clean water provision, and aquaculture (MRC, 2018e).   
 
The main types of water control and irrigation systems for agricultural production in the 
Mekong Delta are as follows (SIWRP, 2015): 

– the canal system that conveys water to irrigation pumps and delivers water to field 
and drains excess rainfall; 

– pumping stations and small diesel pumps for irrigation and drainage; 
– small dike systems for flood control in agricultural areas; and 
– the sluice system or temporary dams for salinity and flood control. 

 
The downstream riparian population are highly concerned about the effects of upstream 
development on dry-season water availability.  
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The Central Highlands combines three sub-basins, which are tributaries of the Mekong River 
extending in the Vietnamese territory: the Sesan, Srepok and Ea Hleo sub-basins. The total 
area of these sub-basins is up to 29,800 km2. The area of agricultural land amounts to 812,420 
ha (accounting for 27.18% of total area). The area planted with annual crops is 321,444 ha, of 
which 99,664 ha are exclusively planted with rice, and the remaining annual crops consist of 
cassava, coffee, and rubber, etc. The irrigation designed capacity is 165,086 ha; however, the 
actual irrigated area totals 124,191 ha, or 75.2% of the design capacity (MRC, 2018b). The 
current irrigation works in the sub-basin are characterized by 1,386 irrigation headworks, 
including 714 pump station, 658 weirs and 14 barrages, and 670 dams/reservoirs including 
earth dams, rockfill and concrete dams (MRC, 2018b). However, at present, in the central 
highlands, over-exploitation of groundwater has become a serious issue.  
 
 2.5.2. Irrigation policy  
 
“Viet Nam’s Hydraulic Works Strategy towards 2030 with a vision to 2045” mentions the 
direction of irrigation development in the Mekong Delta and the Central Highlands: 
 
The Mekong Delta  
 
Analysing and improving hydraulic works for restructuring agriculture and transforming 
agricultural production focus three areas, fisheries, fruit trees, and rice in ecological sub-
regions taking into consideration floods, inundation, brackish water, and saltwater intrusion. 
Some of the solutions focused are as follows: 
 
 Upper Delta 

 Proactively control floods and stabilize dikes and embankments to protect residential 
areas, infrastructure facilities and areas for two rice crops per year and aquaculture. 

 Rehabilitate axial flood discharge channels to the West Sea and Dong Thap Muoi 
region (Plain of Reeds);  

 Protect flood discharge spaces and study solutions to retain flood water in deeply 
submerged areas in order to supply water in the dry season and other purposes.  
 

 Mid-Delta areas  
 Comple hydraulic structures to ensure the supply of water in any circumstances and 

further consolidate and upgrade enclosing dikes and embankments to protect urban 
centres, residential areas, fruit gardens, and intensive aquaculture areas; 

 Build regulating hydraulic structures and dredging axial canals to retain sufficient 
water to meet the requirements of socio-economic development and supply water 
for economic sectors and hydraulic structures conducting water to coastal areas. 
 

 Coastal areas: 
 Build and improve the hydraulic works to control water sources to supply water for the 

population’s daily needs as well as the supply of fresh water for agricultural production 
and saltwater for aquaculture. 

 Continue building sea dikes combined with planted forests for coast protection. 
 Rationally use groundwater for daily use and aquaculture.  
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 Consider solutions for supplying fresh water from major rivers to coastal areas. 
 Apply and transfer technologies for collecting, storing, and treating water onsite to 

serve the population’s daily needs during periods of drought, water scarcity or saltwater 
intrusion, and technologies for treating wastewater from aquaculture. 

 
The Central Highlands 
 
In order to continue building major hydraulic structures to generate water sources, improve 
the existing hydraulic structures, apply water-saving irrigation technologies, expand irrigated 
areas under dry crops, and prioritize supplying water for the population’s daily needs. Focus 
on carrying out the following tasks and solutions:   
 
 Continue building, repairing and upgrading irrigation dams and reservoirs; improving the 

system of canals and ditches; connecting reservoirs; conducting water from a distance 
through gravity flow; and build pipelines to serve irrigation of industrial crop areas and 
supply of residential water;  

 Repairing and upgrading scattered small reservoirs and makeshift dams, and building new 
ones with materials exploited on the spot to irrigate areas under vegetables, cash crops 
and industrial crops, supplementing groundwater sources, and minimizing soil erosion;  

 Developing and applying water-efficient and drip irrigation technologies for vegetables, 
cash crops and industrial crops of high economic value; 

 Studying and implementing solutions to supply residential water and water for areas of 
cultivation of perennial plants in case of drought; 

 Reviewing and reducing low-yield rice field areas within the service scope of hydraulic 
structure systems in order to have more water sources for irrigating industrial and dry crop 
areas, and for husbandry; 

 Surveying and evaluating groundwater reserves, and formulating plans on rational 
exploitation, protection, and adding groundwater sources. 
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3. ISSUES OF THE LMB IRRIGATION SECTOR  
 
This section focuses on major issues of the LMB irrigation sector that need to be addressed, 
i.e. the impacts of climate change, natural disasters and irrigation development, and those 
regarding irrigation project management in the LMB.  
 

3.1 The impact of climate change and natural disasters  
 
The LMB experiences drought and flood almost every year. These natural disasters not only 
reduce crop production, but also damage irrigation structures such as dams, weirs, and canals. 
 
Given the variability of rainfall throughout the year, many areas in the LMB are subject to 
drought risk. The form of drought varies such as in the onset of wet season rainfall, duration 
and quantity of rainfall in different areas, the onset of the dry season, and the occurrence of 
periods without rain during the wet season. Areas with drought risk but insufficient irrigable 
land lacked sufficient water resources for agriculture (MRC, 2018c). 
 
Flash floods are frequent around Tonle Sap and in mountainous and hilly regions of the LMB. 
Pluvial flooding can occur on a localized basis across the Basin as a result of heavy rainfall. 
However, fluvia flooding is the most important and potentially damaging form of flooding, 
and is the focus for the analysis here (MRC, 2018c). In particular, severe flood events often 
break irrigation structures, interrupt the water supply to fields, and lower their storage and 
drainage capacity.  
 
Salinity intrusion in the Lower Mekong Delta is known to extend more than 50 km inland 
during the dry season, which affects almost 2 million ha of land. Salinity is a serious constraint 
to agriculture, and rice yields are negatively affected by high salinity levels (MRC, 2018c). In 
particular, salinity intrusion is a serious problem for Viet Nam, which is caused by water level 
reduction in the Mekong River or sea level rising, and deteriorates the quality of drinking and 
industrial water.  
 
People in the LMB also fear the impact of climate change on agriculture, because it may 
exacerbate the damages caused by drought, flood, and salinity intrusion.  
 
3.1.1 Climate change  
It is widely recognized that climate change is a result of the influence of human activities 
increasing the concentration of greenhouse gases in the atmosphere. Across the LMB, climate 
change is also evident with rising temperatures, changing precipitation patterns, and rising 
sea levels above the historical record.  
 
The Mekong River Basin has already been influenced by climate change. The trends and step 
changes are evident in the 1981–2010 baseline period, with conditions in the latter part of 
the baseline period hotter and drier than they were at the start (MRC, 2017): 
 
 Average annual basin-wide temperatures have increased over the historical record. 
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 The sea level around the Mekong Delta is rising. 
 Total precipitation per year appears to be increasing across most of central-east 

Thailand but 
decreasing elsewhere in the LMB. 

 There is no evidence to date of more intense rainfall events over the basin and more 
frequent or intense tropical storm activity.  

 
There is a wide range of potential future changes projected to occur over the next 20 to 50 
years according to the general circulation model-based regional climate change scenarios 
(MRC, 2017). The nine future climate change scenarios for the LMB represent a combination 
of three levels of changes (low, medium, and high emissions) and three patterns of changes 
(drier overall, wetter overall, and high seasonal variation).  
 
The model shows that the amount of rainfall in the LMB and water flow in the Mekong River 
have high variations, depending on the scenarios. Under the dry and high emission scenario, 
the projection is projected to decrease by 16% by 2060. In contrast, under the wet and high 
emission scenario, the rainfall is projected to increase by 17%. The range of annual river flow 
is between -59% (dry-high emission scenario) and 27% (wet-high emission scenario) by 2060. 
In addition, under the wetter overall model and the increased seasonal variability model, the 
flooded area is projected to increase by between 4.6% and 27.3%. Under the drier overall 
model, the flooded area is projected to decrease by between 0.1% and 5.4% (MRC, 2018e).  
 
The impact of climate change on rainfall in the LMB is uncertain; however, both floods and 
droughts will be much more intense than at present.  
 
3.1.2 Drought  
 
In the past few decades, the LMB has been experiencing severe drought hazards with serious 
economic losses due to damages of agriculture corps, negative impacts on the environment, 
and the effects on people’s livelihoods. The impacts have extended from agricultural water 
use to industry and domestic water consumption. The duration and magnitude of the impacts 
of drought hazards have significantly increased over the past two decades when comparing 
them from one drought event to another (MRC, 2019). 
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Figure 5. Drought risk assessment map of the LMB 

 
In 2013, the MRC conducted the drought risk assessment for the LMB by weighting six 
indications: precipitation, agricultural irrigation, groundwater potential, surface water, soil 
drainage, and land use. The MRC created the drought risk assessment map of the LMB (Figure 
5) (MRC, 2019).  
 
North-eastern Thailand is the most vulnerable area to drought hazards in the region. Irrigation 
is the main issue where surface water is insufficient to build linkages between the main water 
sources and agriculture lands in the areas. The second most drought-vulnerable area in the 
LMB is Cambodia. Less seasonal precipitation coverage in the northwest has made the area 
dry, with no access to irrigation schemes. The northern and southern parts around the Tonle 
Sap Lake are also prone to drought with similar conditions.  
 
Some parts of Lao PDR, including the southern and northern areas (Champassak and Vientiane 
provinces) are also relatively vulnerable to drought due to insufficient amounts of rainfall and 
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the lack of irrigation systems. The areas are too far from water bodies and the Mekong River, 
and therefore it is highly unlikely that irrigation schemes can be implemented. 
 
In Viet Nam, the Central Highland is seriously vulnerable to drought as are some other areas 
of Basin. However, unlike the other parts of Basin, the Mekong Delta in Viet Nam is not only 
vulnerable to drought, but also seriously vulnerable to salinity intrusion (MRC, 2019).                                     
 
Cambodia 
 
In 2016, most of the 25 provinces of Cambodia experienced water shortages due to what is 
deemed the worst drought in about 50 years. According to the National Committee for 
Disaster Management (NCDM), Banteay Meanchey, Battambang, Pursat, and Kampong Speu 
provinces are the worst affected, with around 2.5 million people (625,000 households) 
severely affected (UNOCHA, 2016). 
 
The impact of the prolonged drought from early 2015 to mid‑2016 has resulted in an 
increased level of food insecurity in Cambodia's affected areas. According to official estimates, 
approximately 2.5 million people, in 18 out of 25 provinces, were affected by the drought. 
Although rains improved from late July 2016 over most of the country, bringing relief to the 
drought-affected areas, farming households with little resilience and low agricultural 
productivity did not recover fully and may require some humanitarian assistance (FAO, 2016).   
 
In 2019, when the level of the Mekong River dropped below the historical record, that year, 
the drought in Cambodia affected a larger area of rice cultivated area, i.e. approximately 
300,000 ha. The most affected provinces were Battambang, Pursat, Banteay Meanchey, and 
Siem Reap (FAO, 2019). 
 
In November 2019, the Government of Cambodia issued a circular to relevant ministries and 
local authorities to observe water conservation measures, because the MRC had issued a 
warning that the Mekong River Basin would be hit by extreme drought by January 2020. The 
circular requested farmers not to cultivate dry-season rice a second time in order to save 
water (Dara, 2019).  
 
Lao PDR  
 
The economy of Lao PDR was extremely vulnerable to drought in 2004–2005 because almost 
all the country’s rural population depended on rainfed rice. In 2004, the area planted for the 
second wet season rice crop was reduced by 25% (MRC, 2011).  
 
In 2015, the drought affected more than 1,000 ha of upland crops areas, with 420 ha reported 
as seriously damaged, according to Agriculture and Forestry Department officials in the 
province. More than 104,000 ha of freshly planted rice seedlings were also affected, around 
48,000 ha of which sustained notable damage in the districts of Ngeun, Xienghon, Phieng, and 
Kaenthao (RFA, 2015).   
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Thailand  
 
In the past decade, Thailand faced severe drought events that affected its agriculture. In 2005, 
11 million people in 71 provinces were affected by water shortages. In 2008, the population 
suffered from severe drought again, with over ten million people in the rural agricultural 
region affected. 
 
Drought events of 2009–2010 also illustrated the vulnerability of the regional energy sector 
(largely composed of hydropower) to drought. River-based trade and tourism were also 
disrupted in northern Lao PDR and Thailand due to extremely low water levels (MRC, 2011).  
 
In 2016, Thailand again experienced a severe drought event, which impacted large areas of 
the country, in particular, the agricultural sector. The Thai Government launched various 
water-saving approaches to affirm water reservoirs can maintain the country until the end of 
dry season. The drought limited the livelihoods of a significant portion of Thai farmers, 
because they were restricted on crop irrigation; they had to limit their water use and plant 
alternatives, and use less water-intensive crops (Environnet, 2016). The official Thai national 
drought status report of 5 February 2016, listed 55 districts, 290 counties, 2,666 villages, and 
14 provinces, including 13 provinces, that lacked sufficient water for agriculture; i.e. over 50% 
of the total area of the Mekong watershed in north-eastern Thailand was at a critical drought 
status (MRC, 2019).  
 
Viet Nam  
 
Since late 2015, Viet Nam has been impacted by the El Niño phenomenon,1 resulting in the 
Central Highlands, Southern Central and Mekong Delta regions experiencing their most 
severe drought in the past 90 years (FAO 2016). Around 13,200 households in Mekong Delta 
(Kien Giang and Ben Tre provinces) were affected in the visited provinces, i.e. around 45% of 
the total rural population in these areas. In the Mekong Delta, about 50% of households 
reported that they had to plant less than 25% compared to in 2014 (FAO, 2016). 
 
More than 90% of irrigation facilities were affected by the drought and salt intrusion. The 
main causes were reduced or lack of water, as well as salt intrusion in pipes and other 
irrigation equipment. Many people in the assessed areas invested large amounts of capital to 
dig more wells to access water for irrigation as well as for human and animal consumption. In 
some cases, people could not find water even at a depth of 100 m and had to stop digging, 
thereby losing all they had invested. This clearly shows that groundwater aquifers were also 
heavily depleted by the drought. In the Central Highlands and Mekong Delta, more than 80% 
of respondents reported not having water at all or having serious irrigation water shortages 
(FAO, 2016).  
 
The 2019 rainy season in the Mekong was late in comparison to recent years, and its duration 
was short. Therefore, the total annual flow of the Mekong River was lower than its annual 
average. This is the main cause of the early, deep and prolonged drought and saline intrusion, 
which affects people and production in the Mekong Delta. According to data from the Central 
Steering Committee on Disaster Prevention and Control, 10 out of 13 provinces, including 74 
out of 137 districts, are affected by drought and saline intrusion. Drought and saline intrusion 
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have affected agricultural production, with estimated production losses of about 460,000 ha, 
and approximately 200,000 households lack safe water for domestic uses. The conditions 
resulted in a water shortage and significant damage to crops, threatening agricultural 
production, livelihoods, and access to safe water by local people (IFRCRCS, 2020).  
 
In the Mekong Delta, extreme drought usually occurs from April to May (SIWRPz 2021). 
 
3.1.3 Flood 
 
The flood season normally starts in June and ends in early November, under the Southwest 
Monsoon climate. Floods vary: they may be stronger or weaker, starting and ending earlier or 
later, and carrying different water volumes (MRC, 2015).   
 
There are two types of floods in the LMB: The first one occurs when extreme water levels, 
which have increased over a number of days, causes an overflow of riverbanks and fills the 
inundation areas along the mainstream Mekong River. Although this type of flood recedes 
within a few days, it can be prolonged in the flood plains of Cambodia and Viet Nam. In 
contrast, flash floods in the tributaries are caused by intense rainfall during a short period of 
time, causing high rise of water levels within a few hours. Flash floods occur in steep streams 
or small tributaries, and the high speed of the water flow causes erosion, land and mud slides, 
and other damage, sometimes with human casualties. They are not necessarily preceded by 
constant rainfall for a long period, but can occur at any time during the rainy season and will 
recede rapidly. These floods are much harder to predict, because the extreme, intense rainfall 
may be concentrated in a small area in the watershed. Flash floods are potentially dangerous, 
not only because water levels rise quickly, but also because water flow velocities are high. 
The force of the water can cause erosion and mudslides, uproot trees, and tear away boulders. 
And the flow of debris can sweep away houses and destroy bridges (MRC, 2015). 
 
Loss of floodplain has been shown to raise peak flood levels, and many urban and rural assets 
are already exposed to comparatively high risks of increasing damages. Additionally, the 
impact of rising sea level will impact flooding in the Viet Nam Delta (MRC, 2018d).  
 
Figure 6 shows the 2018 flood extent and the 2006–2017 maximum flood extent. This figure 
shows floods in the Tonle Sap and Mekong Delta areas.  
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Figure 6. Overview of the flooding in the LMB in 2018 compared to the long-term maximum flood 

extent  
Source: NASA’s Near-Real-Time Global Flood Mapping (NASA, 2017)  
 
Cambodia is considered one of the most flood-prone countries in Southeast Asia. It has two 
distinct hydrological regimes. Fast rising and falling hydrographs occur in the mountainous 
areas in the east and southwest. In contrast, flow is primarily determined by low gradients, 
flat terrain, and tidal and backwater effects in the Tonle Sap region and along mainstream 
Mekong. At Phnom Penh, the capital city, there are four branches creating a complex 
hydraulic system: the Upper Mekong, the Lower Mekong, the Bassac, and the Tonle Sap River 
connecting the Tonle Sap Great Lake. Differences between water levels in the Tonle Sap Lake 
and the water levels in the mainstream Mekong cause the flow reversal from the Mekong to 
Tonle Sap Lake (MRC, 2020). 
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Impacts of floods in 2018  
 
In Cambodia, floods affected 23 provinces, 464 communities and 134,893 families; 54,141 ha 
of rice cultivation were damaged (MRC, 2020). 
 
In Lao PDR, all provinces were affected by floods or flash floods including 116 districts, 2,400 
villages, and an estimated 132,000 households (MRC, 2020). 
 
In Thailand, the flood situation affected roads, bridges, drainage systems, official buildings, 
schools, 
 
and temples. The preliminary costs of the damages were estimated at THB 800 million (USD 
26.77 million). The largest destruction was reported mid-August due to storm Bebinca: 38 
districts, 146 sub-districts, 6,002 villages, and 9,106 households were reported to have been 
affected in Phayao, Nan, and Chiang Rai provinces. Throughout the flood season, a total of 
150,000 people were impacted in Nan, Chiang Mai, and Chiang Rai provinces, with two 
fatalities (MRC, 2020). 
 
In Viet Nam, flash floods damaged around 6,000 houses, 3,262 ha of rice fields, 12,292 m of 
dykes, and 5,550 m of roads in Mekong Delta, and about 1,400 houses in the highland area 
(MRC, 2020). 
 
Damages to irrigation structures  
 
High water pressure due to floods damages irrigation facilities and stops water supply for a 
long period because it takes time to repair them. As a result, agricultural production is also 
reduced through damage of irrigation facilities. Irrigation facilities in the LMB are also 
vulnerable to floods. Provided below are reports of damages to irrigation facilities in the LMB. 
 
In Cambodia, Typhoons Nesat and Nalgae in late September and early October brought heavy 
rain; 18 out of 24 provinces and municipalities were inundated, and over 1.5 million people, 
affected. Furthermore, 329 irrigation schemes were partly damaged including to 54 km of 
canals and 122 km of reservoir embarkment (ADB, 2012). 
 
In Lao PDR, in 2019, 497 of the country’s irrigation systems were severely affected; Saravan 
province was the hardest hit, where 118 projects suffered from flood damage (Vientiane 
Times, 2019). In addition, the Minister of Planning and Investment in Lao PDR reported at the 
National Assembly that the repair of many irrigation channels that were damaged by floods 
in 2018 was still incomplete and that the functioning irrigation systems were unable to 
sufficiently supply water to meet farmers’ needs. Severe flood that hit throughout Thailand 
in 2011 damaged irrigation infrastructure. The RID of Thailand estimated flood damages of 
irrigation infrastructure at around THB 7.7 billon. The 2001 flood burst and eroded canal 
banks, accumulated mud and earth in canals and reservoirs, and broke drainage gates (JICA 
2013).  
 
In Viet Nam, in 2016, heavy rainfall caused by a combination of tropical depressions and the 
North-Eastern monsoon produced five consecutive periods of flooding in 18 provinces in 
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central Viet Nam (North Central, South Central Coast, and the Central Highland regions), 
significantly affecting people and economies. The total rainfall on average over two months 
reached up to 2,000 mm (Government of Viet Nam, 2016). 
 
There were significant damages to flood embankments and dikes, riverbank erosion 
protection works, irrigation infrastructure (e.g. canals and canal structures, temporary raised 
dams, barrages, access to roads to irrigation headwork, and drainage culverts and sluices), 
and water supply schemes. The estimated damages of irrigation and flood control was VND 
973,585 (Government of Viet Nam, 2016). 

 

 
Figure 7. Canals damaged by flood 

 
Source of photo: The Japanese Institute of Irrigation and Drainage 
 

 
Figure 8. Weir damaged by flood 
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Source of photo: Nippon Koei Co., Ltd. 

 
Figure 9. A side wall collapsed due to a flood 

 
Source of photo: MAFF/Japan        
 
3.1.4 Salinity intrusion  
 
The water shortage in the Mekong River causes salinity intrusion, affecting agriculture and 
living conditions, which will be exacerbated by climate change (MRC, 2017). Normally, the 
salinity level in the Mekong River system starts to rise by the end of December, reaching its 
peak in April or May, and declining thereafter. Salinity intrusion is associated with low water 
discharge from upstream of the Mekong River. This is caused by below-average rainfall in the 
Mekong Basin due to El Niño. With insufficient upstream water flow to push back seawater, 
salinity intrusion increased in concentration. This was also aggravated by the drought and 
high temperatures in the region (CGIAR, 2016). 
 
The water discharge upstream of Mekong River declined, and water levels mid- and 
downstream of the Mekong River increased by 0.1 m – 1.5 m due to a higher tide (DWRM, 
2016). Salinity intrusion led to increased salinity of water in rivers and irrigation canals. 
Salinity (4 g/l) expanded through Tien and Hau Rivers by up to 45–65 km and 55–60 km, 
respectively. The drought has resulted in the decrease of groundwater levels and the most 
extensive salinity intrusion in last 90 years (DWRM, 2016).   
 
The devastating level of salinity intrusion in the Mekong Delta was due to insufficient 
rainwater from both local and regional locations. This decreased the extent of the flooding of 
the Cambodian floodplain in the Tonle Sap area compared to standard levels. Due to the 
significant lack of flood water in Tonle Sap, due to either insufficient rainwater or inflows from 



26 
 

upper parts of the mainstream, none or little water will be drained from Tonle Sap to the 
Mekong Delta during the beginning of the next dry season. This reduces the flow in the delta 
and triggers salinity intrusion from inflowing seawater. Insufficient flooding of the Tonle Sap 
flood-plain during the wet season can cause a serious salinity issue in the Mekong Delta during 
the next dry season, showing a transboundary connection between the lower Mekong 
countries (MRC, 2019).  
 
The severe drought and salinity intrusion strongly affected 11 of the 13 provinces in the 
Mekong Delta. Around 400,000 ha of cropland have been affected, of which 25,900 ha were 
left fallow. Rice areas affected by drought and salinity intrusion rapidly increased from 
139,000 ha in mid-March 2016 to 224,552 ha by mid-April 2016. The Ministry of Agriculture 
and Rural Development (MARD) report updated on 15 April 2016 showed that 208,394 
households lacked freshwater for domestic use. Water shortage and salinity intrusion also 
affected 13,000 ha of cash crops, 25,500 ha of fruit trees and 14,400 ha of aquaculture (CGIAR, 
2016). The Government of Viet Nam reported that more than 200,000 tonnes of rice were 
damaged, resulting in a loss of over VND 1 trillion (USD 44.64 million) to the Mekong Delta 
region. 
 
In early 2016, the MARD reported that saltwater intrusion appeared two months earlier than 
previous years due to serous river water shortage. In the winter-spring crop 2015–2016, more 
than 339,220 ha of rice in coastal Mekong Delta provinces were affected by saltwater 
intrusion and drought, accounting for 35.5% of the rice-producing area in these localities and 
21.9% of region’s total-rice producing area. Of the 339,200 ha, 104,000 ha were severely 
impacted (Vietnamnet Bridge, 2016).  
 
Leakage problems and sluice gate operation issues also contributed to increased salinity in 
the canal systems. Farmers were already warned that the 2015–2016 salinity intrusion would 
occur earlier than usual.  
 
However, at the beginning of the dry season in December 2015, when salinity concentrations 
increased in a short span, the sluice gates were not immediately closed (CGIAR, 2016). In the 
coastal zone, the total area affected by salinity is about 2 million ha. To control salinity for 
agricultural production, embankments, dams, and culverts were developed. Due to the lack 
of sluices, temporary dams were developed for salinity and water sources control. The 
maintenance of the temporary dam system is very expensive every year. 
 
Figure 10 shows salinity contours in the Mekong Delta in 1993, 1998, 2025, 2010, 2011, and 
2016 under natural conditions. The coastal areas have a high concentration of salinity and are 
highly impacted by salinity intrusion.   
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Figure 10. 4g/l salinity contours in the Mekong Delta 

Source: SIWRP 
 
In 2019–2020, the Mekong River Basin was considered to be a low flow year, with a serious 
inflow deficit to the Mekong Delta compared to the yearly average, even lower than in 2016. 
In January 2020, the salinity limit of 4 g/l increased in 6–13 January 2020, which was measured 
in the basins of two Vam Co Rivers (Vam Co Dong, Vam Co Tay), i.e. intruding as far as 82–
85 km inland, 18–20 km deeper than in 2016; the saltwater intrusion depth in Mekong estuary 
is 45–66 km; 6–17 km deeper than in 2016; 48km deep in land in the coast of West Sea and 
6 km deeper than in 2016 (MARD, 2020).  
 
3.2 Impacts of irrigation development  
 
The MRC document, “Transboundary environmental impact” in its “Guidelines for 
Transboundary Environmental Impact Assessment in the Lower Mekong Basin” (MRC, 2018a) 
defines the impact of irrigation development as follows:  
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- water quantity reduced in the downstream due to high volume of water use; 
- declined water quality due to soil erosion caused by construction of irrigation facilities 

including access roads and excessive usage of pesticides and fertilizers; 
- barriers to fish migration due to weirs, barrages and gates. 

 
Large irrigation projects that store or divert water from a river significantly impact the 
environment due to the change in the hydrology and limnology of river basins. River flow 
decline reduces the area of floodplains and causes salinity intrusion in the Mekong River as 
well as the groundwater. Water intake through irrigation also reduces the water supply for 
downstream users, including for domestic use and industries as well as agriculture.  
 
Excavation during irrigation structure construction sometimes causes soil erosion, which 
deteriorates water quality in a river and a lake. In addition, the usage of pesticides and 
fertilizers tends to increase as irrigation areas are expanded, which also deteriorates the 
water quality in a watershed. Furthermore, water quality in a river or stream deteriorates 
during low water levels due to less dilution.  
 
In the Mekong River Basin, most irrigation dams, weirs, and gates do not secure fish passage 
and they block fish migration. These facilities without a fish passage significantly impact fish 
biology. Regarding measures to address the fish migration barriers, refer to the MRC 
document, “Guideline to Prioritizing Existing Fish Passage Barriers and Create Fish Friendly 
Irrigation Structures”. 
 
This Guidance focuses on water quantity reduction and water quality degradation, and 
presents some measures to address these issues. 
 
3.3 Problems of irrigation project planning and management  
 
Many irrigation projects have been implemented in the LMB since the 1970s, where hundreds 
of thousands of irrigation structures have been installed. As a result, Irrigation areas have 
been expanded. However, improper irrigation project management leads to several problems 
in the irrigation sector of the LMB: 
 

- oversupply of water to farmlands and wastewater as dead flow; 
- low construction quality of structures;  
- aged structures that have not been rehabilitated or renewed;  
- low drainage capacity. 

 
Farmers tend to supply more water than necessary due to a lack of water distribution plan, 
and a great deal of water drains without being supplied to farmlands. In addition, low quality 
construction and aged irrigation structures also cause water leakage, which amplifies drought 
and salinity impacts.  
 
Low quality construction and aged structures also increase flood damage to agriculture 
because they render irrigation structures fragile, which easily collapse and their drainage 
capacity is reduced. 
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Furthermore, due to a lack of structure maintenance, sediment and debris accumulate, and 
the drainage capacity of reservoirs and canals is lowered, which deteriorates the flood impact.   
 
3.3.1 Unplanned irrigation  
 
At the planning stage, if irrigation planners do not accurately calculate the water demand for 
crop growth, irrigation operators or farmers deliver water to some farmlands more than 
necessary while less water is distributed to others. In addition, a great deal of water flows in 
canals and is drained as dead flow without be consumed in farmlands. Therefore, irrigation 
planners need to recognize that the amount of water needed for crops varies according to 
their growth stages. A lack of water calculation for crop growth affects water delivery 
operations in the irrigation system.  
 
Another reason for wasting water as dead flow is an inconsistency on specifications on 
irrigation facilities for distributing water to the fields. For example, water storage capacities 
of dams and reservoirs do not correspond with water flow capacities of main canals in the 
downstream side.  
 
In addition, the water flow capacity of secondary and terminal canals is not matched with the 
one of the main canals. These main irrigation facilities are not well connected with their 
branch canals to properly distribute water to the farmlands. It is often seen that some 
irrigation projects are not planned to ensure the connectivity from dams to branch canals. 
The projects are planned with a focus on only individual structures without examining the 
entire projected irrigation system. 
 
3.3.2 Low quality construction  
 
It has often been observed that there may be cracks on concrete structure and even on the 
newly constructed irrigation structures in the LMB (Figures 11 and 13). What is worse, the 
bottom of canals is usually rough and uneven, and canal lining deviates the flow, because it 
slipped from the line of its design drawing (Figure 14).  
 
When soil compaction on the base of canals or roads does not satisfy the required density, it 
causes the structure base to sink into the ground. When steel bars for reinforced concrete are 
not firmly fixed, their strength diminishes. 
 
These unsatisfactory construction works impede water flow in canals and reduce their 
durability and lifespan. Soil erosion in a construction site often occurs due to rain, wind, and 
storm if a contractor does not conduct any prevention measures (Figure 15). Water quality in 
a river is deteriorated by the soil erosion from a construction site. In addition, water 
discharged from a construction site often decreases the water quality in a river (Figure 16). A 
contractor often discharge mud water into a river without separating water from mud.   
 
Furthermore, low quality construction is vulnerable to drought, flood, and salinity intrusion 
because water may leak from cracks on canal walls and canal gates, and saltwater may invade 
the structures. In addition, the low-quality structure is fragile and can easily be broken due to 
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flood water pressure. Therefore, quality control of construction is needed to produce high-
quality structures.  
 
 

 
Figure 11. Cracks on a canal wall 

 

 
Figure 12. Improper steel work  
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Figure 13. Cracks on a gate 
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Figure 14. Deflected line of a canal 
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Figure 15. Eroded drainage canal                           
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Figure 16. Mud water drainage into a river  

 
 
3.4 Outdated irrigation structures  
 
Irrigation structures in the LMB are old because most of them were constructed in the 1980s 
and 1990s (Figure. 17-22). Many of them need to be rehabilitated because they exceeded 
their service life. Indeed, they are many cracks on concrete structures, material deterioration, 
transformation/deflection, neutralization, joint degradation, damages, wear and corrosion, 
etc. In particular, cracks on concrete structures are a serious problem that leads to water 
leaking. These cracks are produced by drying contraction, hydration reaction, or subsidence 
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of structures, etc. Due to erosion or the collapse of earth walls, gravel and mud are 
accumulated in the earth canals and obstruct water flow in them and cause water leaks. These 
irrigation structures need repairs due to poor maintenance because of labour shortages and 
budget restraints. 
 
Old irrigation facilities are highly vulnerable to floods because they do not have enough 
structural strength against high water pressure generated by them. When a flood strikes 
these structures, they are at a high risk of damage or destruction. Furthermore, salinity could 
intrude into the aged irrigation system through its cracks.  
 

 
Figure 17. A rusted gate 
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Figure 18. Cracks on canal walls 

 

 
Figure 19. Cracks on a canal wall 



37 
 

 
Figure 20. A collapsed weir  

 
Figure 21. An old irrigation pump 
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Figure 22. Rusted pump pipes 

 
3.4.1. Low drainage capacity 
 
Every year, the LMB experiences floods and suffers severs damage to crop production. 
However, due to a lack of water storage and drainage capacity, flood water overflows from 
drainage canals and reservoirs, and stays in farmlands for a long period. Canal drainage 
capacity is also reduced by improper maintenance, which leads to an accumulation of mud 
and debris in canals and prevents water from being drained (Figure 23). In addition, weed 
overgrowth in a canal and the accumulation of wood and branches in weir apron obstruct 
drainage (Figure 24).  
 

     
Figure 23. Accumulation of mud, sand, debris and branches 
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Figure 24. Weed overgrowth in and along the irrigation system 

 
In addition, the sediment accumulation in front of and behind a weir has a high risk of 
overflowing neighbouring areas (Figure 25). 
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 Figure 25. Sediment accumulation in front of a weir (left) and behind a weir (right)  
 
Sediment accumulation in a reservoir reduces its water storage capacity during floods (Figure 
26: left), and sedimentation in a spillway deteriorates the drainage capacity of a reservoir 
(Figure 26: right).  

Figure 26. Sedimentation in a reservoir (left) and a spillway (right)  
 
3.4.2. Correlation between issues facing the LMB irrigation sector  
 
There is some degree of correlation between the issues raised in this Guidance. For example, 
damages from drought and salinity intrusion are increased by water quantity reduction and 
quality degradation in rivers and streams as well as Unplanned irrigation, low quality 
construction and aged irrigation structures. The flood damages are triggered by low drainage 
capacity, low quality construction and aged irrigation structures. Water quality degradation 
is also caused by low quality construction (Table 3). 
 

Table 3. Correlation between the impacts of climate change/natural disasters, irrigation 
development impacts, and problems of irrigation project management  

 
Climate change/natural disasters Impacts of irrigation development Issues in the irrigation sector 

Drought/salinity intrusion  Water quantity reduction  
Water quality degradation  

Unplanned irrigation  
Low quality construction  
Outdated irrigation structures  

Flood   Low drainage capacity  
Low quality construction 
Outdated irrigation structures  
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3.4.3. Major issues in the irrigation sector in each country  
 
In March 2021, the MRC Secretariat organized meetings with the irrigation departments of 
Cambodia, Lao PDR, Thailand and Viet Nam individually in order to identify the problems of 
irrigation sector in each country.  
 
The major issues in the irrigation sector of each country are shown below.  
 
Cambodia (Irrigation Department)  

1) The irrigation system does not respond to climate change due to the change in rain 
intensity.  

2) Water is overused in Tonle Sap’s tributaries due to increase in rice cultivation.  
3) There is a water shortage due to the extension of the dry season by 15 days to one 

month in a year. 
4) Saline water intrudes into some farmlands. 

 
Lao PDR (Irrigation Department) 

1) WUAs have a low capacity for operating and maintaining irrigation structures.  
2) There are many aged irrigation structures that need to be rehabilitated. 
3) Pumping incurs high costs.  
4) There is a water shortage in the dry season. 

 
Thailand (Royal Irrigation Department)  

1) The cost of pumping increases due to a lack of water. In particular, when the water 
level in the Mekong is low, pumping cost for irrigation increases.  

2) Water shortages are generated in the dry season due to the expansion of rice 
cultivation.  

3) There are aged irrigation structures that need to be rehabilitated 
 
Viet Nam (Southern Institute for Water Resources Planning)  

1) Irrigation structures are old, particularly the sluice gate system along the coastal zone 
2) Construction is old low quality 
3) Irrigation canals are used for drainage; irrigation and drainage canals are not 

separated.  
4) There is a lack of operational staff.  
5) The construction works were not suitable because production shifted from rice to 

aquaculture or orchards). 
 
According to the Southern Institute for Water Resources Planning, the Mekong Delta suffers 
from frequent floods, droughts, salinity intrusion and land subsidence. However, the 
problems are different in each area of the Mekong Delta:  
 

- Upper Delta: Floods  
- Middle Delta: Fresh water shortages 
- Costal Delta: Salinity intrusion and land subsidence.  
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4. NECESSARY ACTIONS  
 
Section 4 suggests the necessary actions to take in order to address the issues of the LMB 
irrigation sector and examine the techniques for planning, design, construction, maintenance 
and operation, which are currently utilized in the LMB. It also discusses how they can be 
improved for better practical use.  
 

4.1 Water-saving and reduce water delivery loss 
 
In the LMB, much irrigation water is discharged to a river or a stream as dead flow, and leaks 
and evaporates from canals without being supplied to the farmlands and being consumed for 
crop.  
 
Water loss in an irrigation system occurs due to: (a) seepage and leakage from canals; (b) 
evaporation or evapotranspiration from canals and riparian lands; (c) spillage from canal 
systems; and (d) drainage from farm plots (MRC, 2010b) (Figure 27).  
 

(a) Seepage and leakage from canals are generated due to low-quality construction and 
a lack of canal maintenance. Water seeps and leaks from cracks of canals or walls, and 
from the base of an earth canal. An earth canal generally loses more water than a 
concrete one because it has less waterproofing and storage function.  

(b) Evaporation and evapotranspiration from canals and riparian lands also lose a great 
deal water. The higher the temperature, the more water evaporates from an open 
canal, and the longer a canal is and the larger a field boundary is, the more 
evapotranspiration is generated. The reason is that, as a canal and field boundary are 
longer, the area where water seeps from canal walls and field banks is larger.  

(c) Spillage is generated through an improper water delivery operation, which transmits 
the water to the fields more than needed for crop growth. The delivery operation is 
conducted by controlling valves at the canal structures such as intakes, turnouts, or 
cross-regulators. Improper canal and gate operations are caused when they do not 
coincide the water delivery schedules for crop production and, resulting in the delivery 
of excess water more the requirement in canals and an overflow at spill points and 
farm plots, which is discharged into a drainage system. 

(d) Drainage from farm plots occurs when excess water is supplied more than necessary 
for crop production. Excess supplied water is drained from farm plots to a drainage.  
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Figure 27. Water loss in irrigation system  

 
To mitigate water level reduction in a river as well as drought and salinity impacts, it is 
necessary to save irrigation water and reduce water delivery loss by examining the currently 
used irrigation techniques and technologies, and improve them or introduce new ones to the 
irrigation system, as indicated in Section 5 (5.1, 5.2, 5.3, and 5.4) and Section 6 (6.1 and 6.2).   
 

4.2 Storage capacity increase  
 
To mitigate the impacts of drought and salinity intrusion, it is necessary to increase the 
available freshwater for irrigation. However, the further increasing the intake from rivers and 
streams imposes a heavy burden on the river or stream environment as well as on other water 
use.  
 
Therefore, it is important to increase the water storage capacity of the reservoirs and ponds, 
and to reduce water leakages by removing the accumulated mud, rehabilitating cracks on 
their bodies, or placing impermeable sheets on their banks. The increased storage capacity is 
also expected to mitigate flood impacts. The technologies to increase storage capacity are 
indicated in Section 6.1.3, “Reservoir improvement”. 
 

4.3 Water reuse  
 
Recycling irrigation water is expected to increase the available fresh water. Therefore, 
treating and reusing irrigation water will contribute to mitigating the impacts of drought, 
salinity intrusion, as well as water quantity reduction. Wastewater from villages can be also 
recycled for irrigation after treatment.  
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4.4 Quality construction  
 
Quality construction is expected to reduce water delivery loss and mitigate the impacts of 
drought and salinity intrusion because it produces high-quality irrigation structures that can 
reduce water delivery loss as much as possible throughout their service life. In addition, 
quality construction reduces flood damages to irrigation structures and maintains their 
drainage capacity for a long time.  
 
To achieve quality construction, construction companies are required to construct irrigation 
structures by following design sheets and specifications. In addition, inspectors need to 
examine whether the structures are constructed in line with the design sheets and 
specifications, and if they operate according to design.  
 
Since high-quality structures enhance their durability, delay their deterioration, and prolong 
their service life, they improve structural resilience against natural disasters.  
 
The other objective of ensuring quality construction is to prevent pollution from a 
construction site such as soil erosion and water contamination. Excavation in a construction 
site erodes much soil because it makes the soil fragile and bare. As a result, soil easily runs off 
from a construction site to a river or a stream due to rain or wind, and contaminates them. 
Discharge from the site is mixed with soil, becomes mud water, and deteriorates water quality 
in a river or stream. Therefore, it is necessary to establish or improve construction criteria 
including environment protection. 
 
The techniques for quality construction are indicated in Section 5.3. 
 
4.5 Regular maintenance and rehabilitation  
 
The accumulation of trash and mud in the structures reduces their functions, e.g. delivering 
and draining water, and aging of the structures also lowers the functions as well as resilience 
against natural disasters.  
 
Therefore, irrigation structures need regular maintenance and rehabilitation for maintaining 
their operations functional for a long time and mitigating the impacts of natural disasters. 
Good condition structures can reduce water delivery loss, prevent salt water from entering 
the structures, secure the drainage capacity, and enhance resilience against flood water.   
 
Furthermore, it is expected that regular maintenance and rehabilitation will prolong the 
structure’s service life, because any breakages such as cracks, wall collapse and debris 
accumulation will be repaired before serious functional disorder. They also contribute to 
reduce the life-cycle cost of the structure. 
 
 The techniques for regular maintenance and rehabilitation are indicated in Section 5.5. 
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4.6 Correlation between the issues and the necessary actions  
 
The correlation between the issues and the necessary actions is shown in Table 4. 
 

Table 4. Correlation between the issues and their necessary actions  
Climate 
change/ 
natural 

disasters 

Impacts of 
Irrigation 

development 

Problems in irrigation 
sector 

Necessary actions 

Drought/salinity 
intrusion  

Water quantity 
reduction  
Water quality 
degradation  
 

Unplanned irrigation  
Low quality construction  
Outdated irrigation 
structure  

Saving water(irrigation efficiency 
improvement) 
Increase storage capacity 
Water reuse  
Quality construction 
Regular maintenance/rehabilitation  

Flood   Low drainage capacity  
Low quality construction 
Outdated irrigation 
structure 

Increase storage capacity  
Quality construction 
Regular maintenance/rehabilitation  

 
There are generally two ways to mitigate the impact of salinity intrusion: controlling salinity 
water by setting gates, and increasing water flow in the Mekong River.  
 
The Guidance focuses on how to save irrigation water and increase the available freshwater 
in the Mekong’s tributary catchments for maintaining water flow in the Mekong River.  Viet 
Nam has already installed gates and sluces, which prevent saltwater intrusion from the sea, 
and would increase the water flow in the Mekong River against salinity intrusion in this 
Guidance. 
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5. GUIDANCE FOR THE TECHNIQUES TO ADDRESS THE 
ISSUES IN THE IRRIGATION SECTOR 

 
 
This section shows techniques for planning, design, construction, operation, and maintenance 
that can address the problems in the irrigation sector, and indicates the shortcomings of the 
currently used ones and how to improve them.  
 

5.1 Useful planning techniques  
 
There are some irrigation areas in the LMB where the necessary amount of water is not 
distributed to the farmlands due to an inaccurate estimation of water requirements. As a 
result, irrigation water tends to be excessively delivered to paddy fields (even more than what 
is needed), much of which is discharged into a drainage system as dead.  
 
In addition, when a cropping activity with high water demand, such as nursing, ponding, and 
transplanting, are conducted in many paddy fields at the same time, this leads to a temporal 
water shortage in the entire irrigation area.  
 
Water should be delivered to each farmland from water storage facilities, such as dams, in 
accordance with the water needs of each irrigation block. The water needs of each block must 
be estimated according to each crop growth stage in a paddy field based on the cropping 
calendar and seasonal irrigation plan.  
 
5.1.1 The required amount of irrigation water  
 
This refers to the amount of irrigation water required for an entire project area. This amount 
is necessary for planning an irrigation project and the capacity of a main water source such as 
a dam or a reservoir. “The required amount of irrigation water” is calculated based on 
Figure 28.  
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Figure 28. Components of water requirements 

 
In order to calculate the required amount of irrigation water, it is necessary to estimate the 
amount of water required for crop growth in a farm plot. The sum of this amount will yield an 
estimate of the water requirement for the entire irrigation area. The explanation of each 
component in Figure 28 is as follows: 
 

① Evapotranspiration and consumptive use 
The amount of water consumed for crop growth in a farm plot, which is composed of 
evapotranspiration, consumptive uses (percolation and various daily consumptive use 
designed in upland irrigation).  

② Water requirement in plot management  
The amount of water for a nursery bed and for paddy water before rice planting and 
other practices such as water level changes in a paddy field to make rice absorb less 
water to improve rice quality and reduce damage to rice by low temperature.  

③ Unit water requirement 
The sum of evaporation and consumptive use and “plot management water 
requirement”, and the total amount of water requirement in a farm plot.  

④ Effective rainfall 
The amount of rainfall utilized for irrigation.  

⑤ Water requirement in system management  
This refers to the amount of water required for supplementing water delivery losses, 
adjusting water delivery fluctuation, and maintaining water flow in canals, etc.  
In general, a minimum water flow is necessary to divert water to secondary or trinity 
canals and deliver water to each paddy field from trinity canals because intake of the 
secondary and trinity canals and feed-water inlets is higher than at the bottom end of 
the main canal and its subsequent canals. Therefore, a minimum amount of water 
should flow into the canals. 

⑥ Net water requirement 
 “Effective rainfall” is deducted from the “unit water requirement”.  

⑦ Gross water requirement 
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The “system management water requirement” is deducted from the “net water 
requirement”, which represents the total amount of water requirement in an 
irrigation area. 

⑧ Supplementary water resource  
This refers to the amount of water from other water sources, e.g. streams, ponds and 
groundwater that can be utilized for crop production, which can reduce the total 
water requirement in an irrigation area. 

⑨ The required amount of irrigation water 
This is calculated by deducting the “supplementary water sources” from the “gross 
water requirement”.  

 
5.1.2 Unit water requirements for crop growth stages  
 
Unit water requirements differ depending on crop growing stages, e.g. nursery bed, 
ponding/transplanting, tilling, and heading.  
 
 In addition, given that unit water requirements vary in terms of soil type, groundwater level, 
weather and topography, they need to be determined though surveys or data on field that 
have similar conditions. Farmers tend to supply excess water beyond water requirement in 
each growing stage. 
 
As a consequence, this excess water supply lowers irrigation efficiency. Therefore, it is 
necessary to estimate water requirements for each crop growth stage and supply water to 
the fields based on them. The unit water requirements of a rice paddy are shown in Figure 29.  

 
Figure 29. Image of seasonal unit water requirement  
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5.1.3 Cropping calendar  
 
Seasonal water requirements are also estimated based on a cropping calendar. During the 
ponding of water in the paddy and the transplanting stage, more water is needed than at 
other stages. When the amount of water demand on the ponding and transplanting is larger 
than the canal capacity in some areas, it delays the water distribution to the paddy fields.  
 
In addition, if water is supplied to the paddy fields beyond the needs for each growth stage, 
some of it will be discharged to drainages and rivers as dead flow. Therefore, it is necessary 
to estimate water requirements for each crop growth stage and schedule water delivery to 
the paddy fields. 
 
The cropping calendar is a useful tool to schedule water delivery and calculate water 
requirements (Figure 30), which indicates periods of cropping activities. This allows farmers 
to understand when water is the most and least needed and deliver the necessary amount of 
water to their fields. 
 

 
Figure 30. Cropping calendar for rice in the LMB 

  

Nov Dec Jan Feb Mar Apr May Jun July Aug Sept Oct 
70 20 15 3 2 10 90 210 270 290 280 150

Nursery 
Ponding/transplanting 
Crop maintenace 
Harvsting 

Nursery 
Ponding/transplanting 
Crop maintenace 
Harvsting 

Nursery 
Ponding/transplanting 
Crop maintenace 

Harvsting 

Rainfall (mm)
Month 

Block 1

Block 2

Block 3
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If nursing and ponding/transplanting are conducted in many irrigation blocks at the same time, 
it would cause water shortage. Therefore, the start of nursing and ponding/transplanting 
should be different in each irrigation block to cut the peak water demand (Figure 31).  

Figure 31. Peak-cutting of water demand in the irrigation system  
 
5.1.4 The seasonal irrigation plan 
 
For efficient water use, a seasonal irrigation plan should be determined before the irrigation 
season and inform water users so that they can prepare. 
 
The seasonal irrigation plan indicates water allocation in an upcoming irrigation season to 
each irrigation area within the amount of available water. The available water and water 
requirements in the upcoming irrigation season should first be estimated. The available water 
is estimated from the current water conditions and the expected water resources of the 
upcoming irrigation season. Moreover, water requirements are estimated by crop water 
requirements, effective rainfall, crop information, and irrigation efficiency.    
 
Available water in an upcoming irrigation season can be allocated to meet each water demand 
based on seasonal irrigation planning. The seasonal irrigation plan determines irrigation areas, 
crops, irrigation period, and available water volume for the upcoming irrigation season to 
ensure a reliable water supply (MRC, 2010b).  
 

Table 5. Major elements of the seasonal irrigation plan  
 

Irrigation area  The irrigation area is determined by water supply and demand in the whole 
irrigation system. The irrigation area is divided into areas under sub-irrigation 
systems where water user associations (WUAs) allocate water to farm plots. 

Crop cultivated  The crop to be cultivated and its area are determined. 
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Irrigation period  The starting and ending dates for the irrigation are determined for the entire 
irrigation system and for all sub-systems. 

Water volume  Available water volume is allocated to farmers for an upcoming season. 
Allocations are preferably made monthly or weekly time. 

 
Source: MRC (2010b) 
 
The procedure for establishing a seasonal irrigation plan is as follows: 
 
 Investigating water requirement and available water resources: Collect information 

on the crop types, irrigation area, and the cultivation timing by interviewing farmers 
and local governments, and referring to past records. Examine the past water 
requirements if available. Collect information on the capacity of dams and reservoirs, 
and past meteorological data, etc. 

 Drafting a seasonal irrigation plan: Draft a seasonal irrigation plan based on available 
water resources and water requirements. 

 Approving the seasonal irrigation plan: Organize meetings on the seasonal irrigation 
plan with farmers and obtain their approval. 

 Detailing the seasonal irrigation plan: Scrutinize the approved seasonal irrigation plan 
for practical application. Decide irrigation areas and periods of sub-irrigation under 
secondary and/or tertiary canals. 

 Announcing the plan: Inform farmers of the seasonal irrigation plan so that they can 
prepare for the coming season. 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

Figure 32. Procedure for seasonal irrigation planning 
Source: MRC (2010b) 
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5.1.5  Summary of planning techniques  
 
Planning techniques are shown in Table 6. The techniques indicated in Section 5.1 are 
expected to mitigate and address issues of drought, salinity intrusion, water quantity 
reduction, and unplanned irrigation, by saving irrigation water, and not oversupplying water 
to farmlands. 
 

Table 6. Summary of planning techniques 
 

Issues Technique Procedure Considerations 

Climate change/ 
natural disasters  
Drought/salinity 
intrusion  
 
Irrigation 
development  
Water quantity 
reduction  
 
Problems of irrigation 
project planning  
Unplanned irrigation  

Required amount of 
irrigation water  
 

Estimate the water 
requirements for the 
irrigation area (Figure 
28).  

 

Unit water 
requirements for the 
crop growing stage 
  

Estimate the water 
requirements for a paddy 
plot in each growing 
stage (Figure 29).  

 

Cropping schedule 
calendar 

Draft a cropping schedule 
calendar for each 
irrigation block (Figure 
30). 

Avoid nursing, ponding 
and transplanting at 
the same time (Figure 
31). 

Seasonal irrigation 
plan 

Plan water distribution 
schedule (Figure 32). 

 

 
 
5.2 Useful techniques for design  
 
Irrigation structures should be designed to efficiently and safely deliver water to fields and 
also to suit local conditions, such as geography, water requirements, irrigation methods, and 
operation technique. The canal system is an essential infrastructure for water conveyance to 
farmlands. This Section highlights points to consider when designing canal system using 
gravity that are widely used in the LMB.  
 
5.2.1 Selecting the type of canal 
 
Canal systems utilize gravity or pressure to deliver water to fields. Gravity irrigation is less 
expensive than pressure irrigation because it uses a free flow system from higher place to 
lower place. Since pressure irrigation uses a pump to deliver water to fields, it is adopted for 
the area with higher elevation than water intake at a river or a pond. 
 
Open canals are a gravity irrigation system, which are less expensive than pipelines to 
construct. Open canals have the capacity to receive excess water from fields because of a 
certain allowance for drainage. However, there is a time lag when changing the water level 
because it takes time to stabilize water flow after the gate or valve operation. Garbage and 
trash easily enter open canals and impede water flow. Open canals require larger areas to be 
installed than pipelines. 
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Pipelines are categorized into open, semi-open and closed. The open pipeline has a head tank 
at the top of the system with low pressure systems. The semi-closed pipeline has water 
distribution tanks and/or regulating ponds in the middle of the pipelines. The closed pipelines 
have no free water surface and secure more efficiency in water use and management than 
open canals.  
 
Pipelines ensure higher irrigation efficiency than open canals and deliver water to fields on 
demand. They can be installed with some flexibility in topographic conditions because they 
are buried underground. The top of the pipes should be lower than the minimum pressure 
head of the system to avoid air entrapment within the pipes, which is caused by negative 
pressures. Pipelines can easily control water flow in very short time. However, gates and 
valves should be carefully operated to prevent water hummer. Pipelines are not suitable to 
receive excess water from fields.  
 
Canal systems are basically classified into four types (Figure 33). 
 

 
Figure 33. Classification of canal systems 

 
Since the type of canal affects construction costs and water delivery function, it should be determined 
based on water source capacity, beneficiary area, a cost-benefit analysis, and water management. In 
general, open channel canals should be first considered for planning and designing an irrigation system. 
However, if they are not appropriate due to the sit conditions, pipelines need to be considered.  
 
5.2.2 Points to consider in canal design  
 
There are three points to consider in canal design for distributing water to paddy fields and 
to avoid any accidents caused by excess water inflow. 
 
Natural flow control 
 
At times, natural streams or drainage water flow into irrigation canals. Runoff from adjacent 
lands may enter into irrigation canals. These uncontrolled flows are harmful to the safety of 
irrigation structures because they flow into a canal beyond the design flow capacity. Natural 
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streams and drainage canals need to be separated from irrigation canals (Figure 34). However, 
additional flows may become useful water if monitored and incorporated into the canal 
system (MRC, 2010b).   
 

 
Figure 34. Natural flow control 

 
Direct turnout  
 
Irrigation is usually diverted to farm plots from a tertiary canal. However, in some cases, water 
is diverted to farm plots from a main or a secondary canal, called a ‘direct turnout’. Turnouts 
to farm plots are usually operated by farmers. However, water intake from a main or a 
secondary canal generates unexpected water flow fluctuations, which may cause deficiencies 
in the water supply to tertiary canals and farm plots. Therefore, a direct turnout should be 
controlled by authorized operators; otherwise, all turnouts in a main or a secondary canal 
should be removed and be attached in tertiary canal (MRC, 2010b).  
 

 
Figure 35. Turnout removal in a main or secondary canal   

 
Construction and expansion of tertiary canals  
 
It is not easy to estimate actual water consumption under plot-to-plot irrigation because 
water flows from one paddy to the next through ridges. In addition, plot-to-plot irrigation 
tends to oversupply water to farm plots beyond their requirements. Water needs to 
continuously flow to the most downstream side and is delivered to a farm plot only after the 
upper farm plots have been filled with water. Therefore, farm plots should be directly 
connected to tertiary canals through their construction and expansion.  
 
The aim of tertiary canals is to shorten water delivery time to farm plots, to identify water 
supply routes to farm plots, and to reduce water loss. Construction or extension of tertiary 
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canals reduces water delivery loss and time, and shortens and simplifies water delivery routes 
so that farmers can easily detect water leaking and water flow.  
 
Before the tertiary canal extension, water flows to Farm Plot A through four routes (C-D-A, E-F-G-D, E-
F-G-H and E-I-J-H) and Farm Plot B through two routes (E-I-J and E-I-K-L-M). After the tertiary canal 
extension, water flows to Farm Plot A through two Farm plots (D and H) and directly to Farm Plot B. 
In addition, except Farm Plot A, all farm plots directly receive water from the tertiary canals (Figure 36).  
 

 
Figure 36. Tertiary canal expansion to reduce delivery time  

 
5.2.3 Convergence of irrigated areas  
 
A large amount of water is lost during its conveyance into a canal because it evaporates from 
the surface of a canal and seeps into underground from a bottom of a canal or is absorbed by 
riparian vegetation (Figure 37).  
 

 
Figure 37. Water losses from a canal 

 
Therefore, shortening the water delivery distance can reduce water delivery loss. Hence, it is 
important to converge irrigated paddy fields to shorten the water delivery distance (Figure 
38).  
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Figure 38. Image of scattered and converged irrigation areas  

 
5.2.4 The free board and spillway  
 
The free board is an extra height of a canal side wall that provides allowance for water 
discharges exceeding the design flow for the safety of water delivery in a canal (Figure 39). It 
is determined based on various factors, such as canal types, shapes and sizes, site conditions, 
and flow velocity.  
 

 
Figure 39. Freeboard  

 
A basic formula to calculate the freeboard is as follows: 
 
Freeboard (m) = αx d + βx hv + hw  

α: 0.05 for non-lining canals and 0.07 for retaining wall canals (flumes, culverts, etc.) 
d: Water depth at design discharge (m) 

  β: Conversion co-efficiency static water head ranging between 0.5 and 1.0 
  hv: Velocity head (m) 
  hw: Allowance against water surface deviation or fluctuation (m). 

 
Spillways also prevent an overflow from a canal, which protects a canal system from floods. 
Spillways can be attached with a weir and a regulator to drain excessive water in a canal 
(Figure 40). 
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Figure 40. A spillway next to a weir 

  
5.2.5 Summary of design techniques  
 
A summary of design techniques is provided in Table 7. The techniques indicated in Section 
5.2 are expected to mitigate the issues of drought, salinity intrusion, flood, and water quantity 
reduction by saving irrigation water and increasing drainage capacity.  
 

Table 7. Summary of design techniques 
Issues Technique Procedure Considerations 

Climate change/natural 
disasters  
Drought/salinity 
intrusion  
 
Irrigation development  
Water quantity 
reduction  
 
-Water is supplied to 
fields more than 
necessary (or less than 
necessary) 
 
- A large amount of 
water is drained to a 
river or drainage (dead 
flow). 
Drainage capacity (flood 
damage)  
 
 
  

Natural flow 
control  

Natural streams and drainage 
canals need to be separated 
from an irrigation canal 
(Figure 34). 
 

Uncontrolled flows are 
harmful to structures. 
 

 Direct turnout Turnouts in a main or a 
secondary canal are removed 
and attached in a tertiary canal 
(Figure 35) or controlled by 
authorized operators in an 
irrigation system. 

Water intake from a 
main or secondary 
canal generates 
unexpected water flow 
fluctuations and causes 
deficiencies in the 
water supply to tertiary 
canals. 

Construction and 
expansion of 
tertiary canals  
 

 Tertiary canals are constructed 
or expanded to directly connect 
them to farm plots (Figure 36). 

Plot-to-plot irrigation 
supplies excess water 
to farm plots 
(Figure 36). 
 

Convergence of 
irrigated areas 

Convergence of irrigated areas 
shortens the distance of water 
delivery for reducing water 
delivery loss (Figure 38). 

Since the canal is 
longer, more water is 
wasted due to water 
delivery loss (Figure 
37). 

Climate change/natural 
disaster 
Flood 

Freeboard and 
spillway  

The height of the freeboard is 
added to a canal side wall 
Figure 39).  
A spillway is attached with a 
weir or gates (Figure 40).  
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5.3 Useful construction techniques for a quality infrastructure 
 
5.3.1 Quality infrastructure 
 
Many irrigation structures in the LMB are over 40 years old. Some of them cannot work 
properly due to a lack of maintenance or repair. Irrigation structures in the LMB are frequently 
damaged by recurrent natural disasters and are very vulnerable to natural disasters due not 
only to improper maintenance and aging, but also to low-quality construction.  
 
Even in a newly constructed structure, some failures have been identified, such as cracks on 
its concrete body and rust on a steel gate. Cracks increase water delivery loss because they 
cause water leakage from irrigation structures. In addition, irrigation structures with low-
quality construction and improper maintenance are at high risk of collapsing during floods 
because they are very fragile against flood water pressure. Floods usually break canal walls 
and the concrete body of dams and reservoirs, etc. 
 
In March 2015, at the Third United Nations World Conference on Disaster Risk Reduction, the 
Sendai Framework for Disaster Risk Reduction 2015–2030, was adapted, which stipulates that 
“[r]educing disaster risk is a cost-effective investment in preventing future losses” (MOFA, 
2015a). In May 2015, the Government of Japan launched the initiative, “Partnership for 
Quality Infrastructure”, to promote quality infrastructure investment in Asia (MOFA, 2015b). 
 
In 2016, in addition, at the G7, quality infrastructure was recommended for promoting strong, 
sustainable and balanced growth and enhancing resilience in society, as well as contributing 
to the global efforts for the SDGs. In 2019, at the G20 the importance of the quality of 
infrastructure was presented, by presenting the “G20 Principles for Quality infrastructure 
Investment”: 
 

• Principle 1: Maximizing the positive impact of infrastructure to achieve sustainable 
growth and development  

• Principle 2: Raising economic efficiency in View of Life-Cycle Cost  
• Principle 3: Integrating Environment Considerations in Infrastructure Investments  
• Principle 4: Building Resilience against Natural Disasters and Other Risks  
• Principle 5: Integrated Social Consideration in Infrastructure Investment  
• Principle 6: Strengthening Infrastructure Governance. 

 
According to the Government of Japan, quality infrastructure may first appear costly. 
However, because it is easy to use and durable, as well as environmentally friendly and 
disaster-resilient, it is actually cost-effective in the long term. Furthermore, the Center for 
Strategic and International Studies explains the concept of “quality infrastructure” as follows: 
Quality infrastructure should utilize the best available technology to be reliable, economically 
and environmentally efficient, and should comply with internationally accepted safeguards 
and standards. Moreover, quality infrastructure investments should align with long-term 
country strategies for economic development so as to improve the flow of services, build local 
capacity, and drive job creation (Funde, 2017).  
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Developing countries tend to hesitate to introduce quality infrastructure to their irrigation 
sector because it requires greater initial investment than ordinary infrastructure. 
Governments are required to use more durable and higher-performance materials for quality 
infrastructure than for their current practices. However, quality infrastructure is critical for 
the LMB, as development accelerates, and climate change intensifies (Han, Meas & An, 2021a). 
It is even more important for the governments to introduce quality infrastructure to their 
irrigation sector in the LMB in order to mitigate drought and flood damages as well as to 
improve irrigation efficiency. Quality infrastructure enables irrigation structures to not only 
become more durable, and but also to prolong their lifespan. As a result, quality infrastructure 
contributes to reducing the total investment of the government throughout the life cycle of 
the structures.   
 
This Guidance mainly incorporates “Principle 2” and “Principle 4” to promote the quality 
infrastructure of irrigation structures. “Principle 2” highlights the life-cycle costs, which are 
the total cost over its lifespan including planning, design, construction, operation and 
maintenance, and possible disposal. It is also required to analyse the cost benefits of 
infrastructure over its lifespan. “Principle 4” highlights long-term resilience and durability 
against natural disasters.  
 
5.3.2 Quality construction  
 
Quality construction is a main factor of “Quality infrastructure”. In the LMB, even some newly 
constructed irrigation structures are of lower quality than expected. Irrigation structures with 
low quality cause a great deal of water to leak and are vulnerable to natural disasters. In 
addition, they tend to completely break down before their durable lives and do not achieve 
the desired effect.  
 
Quality construction can be achieved through a comprehensive judgment system, which 
selects a contractor who is expected to produce high quality structures and effective 
construction management.  
 
Comprehensive judgment system   
 
Quality construction ensures structural durability, safety, usability, visual quality, 
convenience, and low impact on environment. Under a bid-price competition, bidders tend 
to bid as low a price as possible to obtain a contract. As a result, the constructed structure is 
of low quality due to a lack of budget. Hence, the low-price bid produces poor-quality 
structures.   
 
Therefore, it is necessary for the governments to select a contractor by evaluating both the 
bid price and the expected construction quality (Figure 41). Construction quality includes 
durability, safety, usability of a structure, and restraint of the environmental loads, such as 
noise, vibration and contaminate which are generated in a site under construction. It is also 
important that a contractor completes the work within the construction period.  
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Figure 41. Evaluation of bid price and quality 

 
A contractor needs to request bidders to submit a technical proposal that indicates a 
construction method, quality control and safety measures that are expected to enhance the 
construction quality. Then, a contractor decides on the successful bidder who receives the 
highest evaluated value among the bidders. The evaluated value is composed of bid-price 
points and technical points (Figure 42).  
 
The lower the bidding price, the higher the number of bid price points for the bidder.  
However, the bidding price should be higher than the target price that is set by a contractor 
to avoid any dumping, which causes low quality construction. A contractor assigns technical 
points to bidders after evaluating their technical proposals.   

 

Figure 42. Relation between evaluated value, bid price and technical points 
 
Construction management  
 
A contractor needs to supervise construction and examine if its quality is in line with the 
design documents and in the technical proposal. A contract is required to conduct 
construction management for completing a construction within the terms of work, secure 
expected quality, and prevent any environmental pollution and accident. Construction 
management is composed of schedule, performance, quality, and safety (Figure 43). 
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Figure 43. Concept of construction management 

 
 Schedule management  
Control and check the progress of works for completing the construction within the work 
period.  
 
 Performance management (Figure 44)  
Confirm whether or not a constructed structure satisfies the specifications indicated in design 
documents. There are two measurement methods to inspect the structure.  
 
Direct measurement aims to inspect the scales of the structure and by visual judgement and 
measurement on site. Photography, for example, is an indirect measurement to inspect the 
quality and precision by photos.  
 
 Quality management (Figure 45)  
Inspect the quality of a constructed structure by physical or chemical examinations.  
 
 Safety management (Figures 46 and 47) 
Avoid any accidents during construction. To ensure safety management, contractors should: 
 
 follow all laws related to construction and environment protection; 
 check safety measures every day on site so that labourers can work without injury;  
 install safety signs and guard fences in areas next to roads; 
 prohibit a third party from entering the construction site without approval (Figure 46); 
 train operators to safely use machinery to avoid any accidents (Figure 47); 
 prevent any pollution related to construction, such as vibrations, noise, dust, and 

muddy water. 
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Figure 44. Direct measurement (block slope length)   

 

 
Figure 45. Quality measurement (soil compaction) 
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Figure 46. Children swim in a construction site     

 
 

Figure 47. Safety training for operators and labourers  
 
Inspection (Annexes 1 and 2) 
 
Inspection is essential for construction management because it allows ensure construction 
quality. Therefore, it is necessary for a contractor to assign inspectors, who supervise a 
contractor and construction work to verify that the work is correctly performed based on a 
contract and design documents.  
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The roles of the inspectors are to: 
 examine structural work including elevation by measuring and photographing; 
 ensure compliance with a contract and design documents;  
 verify a work log of a contractor;  
 address problems on site and examine field changes. 

 
The responsibilities of inspectors are to: 
 understand project sites, design documents, contracts, materials, and construction 

methods; 
 complete construction works without any construction failure and within the agreed 

work schedule;  
 examine and check structural works; 
 ensure compliance with drawings and specifications; 
 keep a work log of activities and photographs. 

 
Inspectors should examine if the construction is being conducted correctly. 
 Record what inspectors learned and shared with others 
 Develop a good working relationship with the contractor and the design team. 

 
Inspectors also should provide a contractor with material and construction specifications in 
addition to the design documents to avoid any construction failure. Major inspection points 
regarding material and construction are shown in Annex 1, and a summary of inspection is 
shown in Annex 2.  
 
Environment protection measures 
 
Construction often causes soil erosion and water contamination in a public water body 
without environmental protection measures. Soil erosion occurs in a construction site 
because soil becomes fragile and is easy to run-off by rain or wind. Water in a public water 
body is easily polluted by drainage from a construction site.  
 
Regarding soil erosion on a construction site, there are three steps to be undertaken: 
 
 Curb soil erosion on a construction site. 
The construction company is required to curb soil erosion and reduce soil outflowing from 
the construction site. The construction company needs to line the banks with vinyl sheets or 
fibre mats, or covering the slopes with seeds, etc. (Figures 48 and 49).  
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Figure 48. Seed mats to protect a soil bank 

 
Source of photo: MAFF/Japan 
 

        
Figure 49. Vinyl sheets on a boar bank  

 
Source of photo: MAFF/Japan        
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 Prevent muddy water from outflowing 
It is necessary to control muddy water from a construction site to prevent water 
contamination. A contractor is required to block any effluent to a construction site from 
the outside and muddy water outflow to a river or a stream for curbing curb soil erosion.  
 
There are three prevention measures against muddy water as follows:  
 
 Small bank (Figure 50) 
A small bank that encloses a construction site blocks a muddy water outflow to the 
outside and the effluent to the site.   

 
 Drainage channel for a temporary work 
A drainage channel for a temporary work drains rainwater and spring water from a 
construction site to the outside. The channel curbs soil erosion because it collects excess 
water and drains it, which prevents the water from eroding soil in a construction site 
(Figure 51). 
 

 
Figure 50. A small bank 

 
Source of photo: MAFF/Japan        
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Figure 51. A drainage channel for a temporary work 

 
Source of photo: MAFF/Japan 
 

        
Figure 52. Sedimentation pond 

 
 Reduce the turbidity of muddy water  
Sedimentation ponds reduce the turbidity of muddy water. Particles in muddy water 
deposit in the pond, and the pond purifies the water. The sedimentation pond should be 
located on a boundary area between a construction site and a river or a stream. A 
contractor needs to check the water quality in the pond before releasing it to a river or a 
stream (Figure 52).  
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 Points to consider  
Dewatering is important to keep a work area dry. Dewatering can be achieved by pumping 
water at a work area or diverting flow around a construction site through a drainage channel. 
Pumping is suitable when a work area is small. A pump should be sized based on an amount 
of predicted dewatering, and a backup pump should be secured on a site in case of any pump 
troubles.  

 
A pump should not be attached to the bottom of muddy water on a site because it drains mud 
and water together into a river (Figure 53). The pump should be lifted to drain only surface 
water. However, a drainage channel is suitable for a large work area because it can be 
extended according to the length of a construction site.  
 
The drainage channel should be attached with erosion control material such as a vinyl sheet, 
filter fabric, rocks, and vegetation (Figure 54).  
 

 
Figure 53. A pump draining mud and water 
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Figure 54. A bypass channel with erosion control 

 
Source of photo: MAFF/Japan        
 
5.3.3 Summary of construction techniques  
 
Construction techniques are summarized in Table 8. The techniques indicated in Section 5.3 
are expected to address the issues indicated in the table by improving the quality of 
construction. These techniques contribute to enhance the durability and resilience of 
irrigation structures.  
 

Table 8. Summary of construction techniques (quality construction) 
 

Issues Technique Procedure Considerations 

Climate change/natural 
disasters: Drought/salinity 
intrusion, flood  
 
Irrigation development  
Water quantity reduction, 
Water quality degradation  
 
Problems of irrigation 
planning and 
management  
Quality construction  
Outdated irrigation facility 

Comprehensive 
judgment 
system   

Evaluate both the bid price 
and the expected quality of 
the construction works 
(Figures 41 and 42). 

Considering the 
bidding price alone in 
an evaluation causes 
low-quality 
construction. 

Construction 
management 

Supervise a contractor and 
inspect the work schedule, 
performance, quality, and 
safety (Figure 43 and Annexes 
1 and 2). 

Improper 
management causes 
low quality 
construction. 

Environment 
protection  

Reduce loads on environment, 
e.g. soil erosion and mud 
water drainage (Figures 50–
54). 

Check soil erosion and 
drainage from a 
construction site. 

 
5.4 Useful operation techniques 
 
This section focuses on canal operation, which is a core part of delivering water to farmlands. 
Canal operation aims at delivering sufficient water to farmlands in a timely manner and 
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reducing water spillage from canals. Without proper canal operation, water cannot be 
efficiently and evenly delivered to each farmland. In particular, the failure of canal operation 
causes much of dead flow by delivering water beyond necessary.  
 
5.4.1 Canal composition  
 
Irrigation canals are composed of main, secondary, and tertiary canals (Figure 55). The main 
canal is directly connected to the main water sources, for example, dams and reservoirs, and 
conveys water to the entire irrigated territory. Therefore, the water delivery volume of a main 
canal is larger than that of second and tertiary canals. 
 
The secondary canal begins from a gate diverting water from a main canal and is connected 
to tertiary canals to deliver water to different irrigation areas. Tertiary canals directly connect 
and supply water to a farmland.   
 

 
Figure 55. Composition of the canal system 

 
5.4.2 Flow rate and water level controls 
 
There are two methods to check the volume of water flow in canals: one measures a flow rate, 
and the other measures the canal’s water level. The flow rate measure is easier to control 
water flow than the water level measure for appropriate water distribution (MRC, 2010b).  
 
Figure 56 shows the differences between the two measurement methods. For example, a 
gate operator diverts water from a main canal to three secondary canals. If the flow rates of 
water diverted from a main canal to each secondary canal are 1.0 m3/s, 0.5 m3/s, and 1.5 m3/s, 
then the water flow rate at the intake point in a main canal can be estimated at 3.0 m3/s.  



71 
 

 
In contrast, an operator diverts water from a main canal to three secondary canals by 
measuring and controlling the water level. Assuming that a water level in a main canal is 1.8 
m, an operator diverts water to each secondary canal by setting water level in each secondary 
canal, at 1.0 m, 0.5 m and 0.3 m.  
 
An operator needs sufficient experience in measuring and setting the water level in order 
managing water distribution. In particular, if each canal has different cross-section sizes, it is 
more difficult for an operator to divert the water and more manipulations and calculations 
will be required.  
 

   
Figure 56. Flow rate and water level measurements 

 
Measuring flow rate is costly because flow metres must be installed on each canal or a tele-
metric system, which observes the flow rates of all canals using a computer or a smartphone 
(see Section 6 on the telemetric system). However, once a flow rate measurement system is 
installed, it enables an operator to efficiently manage and control water distribution and 
reduce dead flow.  
 
5.4.3 Tertiary canal operation  
 
Tertiary canal operation is important to reduce dead flow and increase irrigation efficiency 
because it directly connects to farmlands. If water management in a tertiary canal is not 
properly implemented and water diversion to farm plots is not well controlled, farm plots 
upstream usually receive more water than those downstream, which is called ‘the head and 
tail effect’ (MRC, 2010b) (Figure 57).  
 
If water supplied to farm plots at the tail of the tertiary canal is equal to their water 
requirements, water delivered to the whole tertiary canal will be greater than needed (Case 
A in Figure 57).In contrast, if water supplied to the whole tertiary canal is equal to the total 
water requirement of all the farm plots, the farm plots downstream may receive less water 
than required (Case B in Figure 57).  
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Figure 57. Water distribution and water loss in a tertiary canal  

 
Source: MRC (2010b) 
 
Without a canal operation regulation, water users in the farm plots upstream tend to intake 
water excessively from tertiary canals. This creates inequity among water users, who in 
response, will be less diligent in in their water management. Therefore, the equity of water 
distribution to farm plots is one of the important factors in improving irrigation efficiency.  
 
Some measures can be taken to avoid inequity of water distribution at the tertiary canal level: 
(i) promoting participatory irrigation management; (ii) prohibiting turnout operations by 
water users; and (iii) rotating water delivery among tertiary canals (MRC, 2010b).  
 
(i) Promoting participatory irrigation management is shown in Section 5.5. 
(ii) Prohibiting turnout operations by water users 
 
However, this sometimes causes farmers at times to open gates on secondary or tertiary 
canals to supply water to their farm plots without consulting others. A way to mitigate this 
would be to allow only an authorized WUA to operates the gates. 
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(iii) Rotating water delivery 
 
Rotating water delivery among tertiary canals enables water to be delivered to each farm plot 
in turn. In this method, temporary gates are installed in a tertiary canal to stop water flow, 
which ensure the rotation of water deliver to each farm plot and reduces dead flow in a 
tertiary canal, or prevents water supply shortage at a terminal farm plot. The first temporary 
weir is located at Point a in a tertiary canal, diverting all of the water from the canal to Farm 
Plot A. When the irrigation water supply reaches a benchmark, the temporary weir at Point a 
is removed and the water diversion is stopped to let the water flow to Point b. Then, a 
temporary weir is installed at Point b and the irrigation water is introduced to Farm Plot B. 
This process continues from the upstream to downstream sections in turn (MRC, 2010b).  
 

 
 

Figure 58. Rotation of water delivery to farm plots  
 
5.4.4 Lowering water level in reservoirs and ponds  
 
Before heavy rain and flood, it is important to lower the water level in reservoirs and ponds 
to increase the water storage capacity and prevent them from collapsing due to overflow 
from their bodies, and to reduce a peak flow in a river during heavy rain (Figure 59). 
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Figure 59. Water level management before heavy rain or flood 

 
Source: MAFF/Japan 
 
Before lowering the water level, the reservoir’s body and sediments of reservoirs and ponds 
should be checked. The sudden water level release could damage its body, or its slope could 
slide to the downside. The sediment accumulation reduces water storage capacity. 
 
To lower and control the water level in a reservoir or a pond, a slit can be installed into a 
spillway. Water storage capacity during a heavy rain can be secured in accordance with the 
depth of a slit (Figure 60). Lowering the water level only requires removing a board out of a 
slit.  
 

 
Figure 60. Cross-section of a spillway and a slit (left), Slit in a spillway (right)  

 
Source: MAFF/Japan        
 
To decide on how much to lower the water level, operators need to examine the drainage 
capacity of a river or a canal of the downstream side and predict the amount of precipitation 
based on available weather information and water demand after rain. Water demand can be 
estimated from the unit water requirement for the crop growth stage and the seasonal 
cropping calendar (Section 5.1). 
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5.4.5 Summary of operation techniques  
 
The summary of operation techniques is shown in Table 9. The techniques indicated in Section 
5.4 are expected to mitigate the issues, i.e. drought, salinity intrusion, flood and water 
quantity reduction, by saving irrigation water and increasing storage capacity of flood water.  
 

Table 9.  Summary of operation techniques 
Issues Technique Procedure Considerations 

Climate 
change/natural 
disasters  
Drought/salinity 
intrusion  
 
Irrigation 
development  
Water quantity 
reduction  

Flow rate 
and water 
level 
controls 
 

Measure the amount of 
water flow per second 
in a canal and divert the 
water based on the 
measured flow rate 
(Figure 56). 

Flow rate measurement is costly due 
to flowmeters or tele-metric system. 
However, it enables an operator to 
manage and control water 
distribution, and reduce dead flow.  

Tertiary 
canal 
operation 

Distribute water evenly 
to each farm field by 
operating tertiary canals 
(Figures 57and 58). 
 

The keys to water distribution are: 
(i) promoting participatory irrigation 
management (Section 5.5) 
 (ii) prohibiting turnout operations by 
water users (Figure 35) 
 (iii) rotating water delivery among 
tertiary canals (Figure 58). 

Climate change  
Flood 
 

Lowering 
water level  

Lower the water level in 
reservoirs before heavy 
rain or flood (Figure 60). 

Check the condition of sediments 
and the bodies of reservoirs and 
ponds before releasing the water.  

 
5.5 Useful techniques for maintenance  
 
Irrigation structures need to be properly maintained so that they can deliver and drain the 
designed quantity of water with proper timing. Regular maintenance and rehabilitation are 
necessary to achieve the expected performance of irrigation structures and prolong their 
service life. Durable materials will also be able prolong their service life. Long service life 
reduces the life-cycle cost of irrigation structures and will be beneficial for governments.  
 
Preventive maintenance is necessary to prolong service life, which consists in a maintenance 
plan, daily maintenance, inspection, monitoring, and rehabilitation. Preventive maintenance 
needs to be conducted before the functions of irrigation structures are significantly lowered.  
 
The main preventive maintenance is daily maintenance. In the LMB, the governments have 
been transferring the responsibility of daily maintenance to farmers, i.e. “participatory 
irrigation management” (PIM). PIM refers to farmers’ collective management of structures 
and feeds into their sense of common ownership of the irrigation structures. It is also 
expected to prolong the service life of structures. However, PIM in some LMB areas does not 
work well due to farmers’ insufficient participation and a lack of funds and capacity, among 
others.  
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5.5.1 Prolonged lifetime of irrigation structures  
 
Concept of life-cycle cost  
 
Life-cycle cost is the sum of all costs over the life span or a specified period of a good, service, 
structure, or system. The cost includes material, construction, installation, operation, 
maintenance, upgrade, repair, and the remaining value at the end of ownership or its useful 
life. Life-cycle cost is used as one of measures to evaluate economic value. In particular, it is 
useful to analyse the cost-effectiveness of projects that have the same performance 
requirements but different life-cycle costs. 
 
Governments need to decide on the type of structure and construction materials, and on the 
purpose of equipment in terms of life-cycle cost for ensuring highest economic benefits from 
an irrigation project. They prefer a project with a low initial cost owing to their limited budget; 
however, this could cause a low lifespan and recurrent rehabilitation of the structures 
because it uses non-durable materials such as non-lining earth canal. What is worse, a 
breakdown of the structures frequently occurs, suspends agricultural production, and, as a 
result, reduces the economic value of the project.  
 
A project with high initial costs using durable materials such as concrete canal is expected to 
have a longer lifespan with a lower maintenance cost than one with a low initial cost. 
Therefore, a high initial-cost project has a lower life-cycle cost than one with a low initial-cost.  
 

Figure 61. Images of an earth canal, a masonry canal, and a concrete canal 
 
Source: JIID (2018)    
      
Life cycle cost is composed of an initial cost (construction) and running cost (operation, 
management and rehabilitation) (Figure 62); its formula is shown in Figure 63 (JIID, 2018). 
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Figure 62. Composition of life-cycle cost 

 

 
Figure 63. Formula of life-cycle cost 

 
To calculate life-cycle cost, the maintenance scenarios for each canal type is shown in Table 10.  
 

Table 10. Methods and degrees of maintenance and rehabilitation  
 

 Earth canal Masonry canal Concrete canal 

Maintenance Dredging, weeding and bank 
repair work (Once a year) 

Dredging, weeding and 
crack repair (Once a year) 

Dredging and 
weeding 
(Once a year) 

Rehabilitation Full renovation (Every 10 
years) 

Full renovation  
(Every 30 years)  

Partial renovation  
(Every 20 years) 

 
Source: JIID (2018) 
 
The JIID assumes that an earth canal needs degrading, weeding and bank treatment against 
erosion and sidewall collapse once a year and full renovation every ten years. A masonry canal 
also needs dredging, weeding, and crack treatment for sidewalls once a year and full 
renovation every 30 years. A concrete canal needs dredging and weeding once a year and 
partial renovation every 20 years.  
 
As a result of calculating the initial and running costs, an earth canal has the lowest initial cost 
and highest running cost among the three, because it does not need any materials for 
construction; however, it needs more maintenance and rehabilitation due to its low durability 
than the other canals. A concrete canal has the highest initial cost and the lowest running cost 
because it needs concrete and cements and its life span is longest by its high durability (Figure 
64).  
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Canal type Initial cost Running cost Remarks 

Earth canal   Vulnerable to flood 
High running cost (can easily be eroded and 
collapse)  

Masonry canal   High labour cost  
Not easy to find stones  

Brick canal   High labour cost 

Concrete canal    High initial cost  
Low running cost  
High durability  

 
Figure 64. Initial and running costs for each type of canal 

 
Source: JIID (2018) 
 
The social discount rate should be considered in order to calculate the life cycle cost, because 
maintenance and management costs incur during the lifespan of a structure (Annex 3).  
 
Furthermore, the JIID reported that the difference in the costs between a concrete canal and 
an earth canal would expand due to agricultural production loss caused by canal breakdown. 
Since an earth canal is more easily broken than a concrete canal, it has more agricultural 
production losses than other types. Therefore, a concrete canal is more cost-effective than 
an earth canal for the life span. The Governments need to consider materials and a 
construction method in terms of life cycle-cost. 
 
5.5.2 Preventive maintenance  
 
Irrigation structures need to be regularly maintained and be rehabilitated before significant 
functional decline. This is called ‘preventive maintenance’, which allows to prolong the 
lifespan of irrigation structures.  
 
The concept of preventive maintenance refers to the regular maintenance of irrigation 
structures, inspection, and examination of the degree of deterioration and repair when 
necessary before the function of the structures goes to under the allowable level. Preventive 
maintenance is more cost-effective than reconstruction (Figure 65).  
 

Low  

 

 

 

High 

High 

 

 

  

Low 
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Figure 65. Function deterioration curve and function level recovery 

 
If a structure’s function is below the performance level, it needs to be reconstructed. However, 
the reconstruction would cost more than rehabilitation. Therefore, governments and farmers 
need to understand how irrigation structures deteriorate and when they should be 
rehabilitated. Preventive maintenance should be conducted based on the following 
procedure (Figure 66): 
 
 The maintenance plan  
The maintenance plan sets out the methods of maintenance, inspections, and rehabilitation, 
predicts of the structure’s service life, and the rehabilitation schedule. This plan should be 
regularly revised after rehabilitation. 
 
 Daily maintenance  
Daily maintenance is a walk-around check on irrigation structures by operators, or WUAs. 
When they detect a small transformation or a minor break, they will repair the facilities. Daily 
maintenance is conducted during irrigation structure operation.  
 
 Regular inspection 
Regular inspection is conducted by technical experts to examine the degree of deterioration 
of irrigation structures. They measure the degree of deterioration, examine the function level 
and breakage in the structure, and record them. They examine how seriously deterioration 
and ruptures may affect the functions of the irrigation structures and select the best repair 
measures. 
 
 Rehabilitation  
Irrigation facilities need to be regularly rehabilitated to maintain their functions. 
Governments and WUAs repair irrigation facilities based on the maintenance plan,  regular 
inspection and daily maintenance.  
 
  

Least allowable level 
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 Data recording  
The results of daily maintenance, regular inspection and rehabilitation should be recorded in 
a database so that the governments and WUAs can easily understand the degree of 
deterioration, predict its progress, and decide on the rehabilitation timing and methods.  
   
 

             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 66. Structure of preventative maintenance  
 

5.5.3 Reinforcement of participatory irrigation management  
 
The concept of participatory irrigation management 
 
PIM refers to the involvement of irrigation users in all aspects and at all levels of irrigation 
management. ‘All aspects’ includes the initial planning and design of new irrigation projects 
or improvements, as well as the construction, supervision, financing, decision rules, operation, 
maintenance, monitoring and evaluation of the system. ‘All levels’ refers to the full physical 
limits of the irrigation system, up to the policy level in the capital city (Groenfeldt et al., 2000).  
 
Under PIM, farmers organize a WUA in an irrigation district to collectively manage irrigation 
structures such as canals and gates. WUAs make a water distribution plan for each paddy field 
throughout a cropping period as well as an operation and maintenance plans of gates and 
canals. WUAs fairly and efficiently distribute water to each paddy field, and operate and 
maintain irrigation structures based on these plans. WUAs also construct, inspect, rehabilitate, 
maintain and operate tertiary and secondary canals. All members of WUAs are required to 
provide labour and pay a water fee to governments.  
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Figure 67. Cleaning weeds in a canal  

 

 
Figure 68. Canal repair 
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Figure 69. WUA meeting on the yearly budget  

 
Source of photo: MAFF/Japan        
 

 
Figure 70. WUA meeting on water distribution  

 
Benefits of participatory irrigation management 
 
Through PIM water is equitably distributed to farmlands, saves irrigation water and prolongs 
the service life of irrigation structures. There are five reasons that motivate governments, 
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financing institutions, technical experts and even farmers to promote the transfer of irrigation 
management to farmers (FAO & IWMI, 2007).  
 

- a reduction of the burden of costs, staff requirements and technical or management 
problems.  

- improvement of agricultural productivity and economic profitability of irrigation 
systems;  

- willingness of farmers to pay more for their irrigation system because they will be 
empowered to take over the authority to define what their irrigation services will be, 
who will provide them, and how and at what costs they will be provided;  

- improvement of the accountability to farmers of irrigation system management. This 
will lead to more efficient and equitable water delivery, canal maintenance, and 
settlement of disputes. According to this method, the farmers who benefit from 
irrigation projects participate in the management of irrigation facilities, and end-user 
irrigation canals are appropriately managed by WUAs, with the aim of achieving 
efficient and sustainable use of irrigation water;  

- production of collective action, for example, in the group purchase of agricultural 
inputs, agribusiness venture development, and marketing.  

 
Problems of participatory irrigation management  
 
PIM may not always achieve the expected outcomes due to the problems listed below (JIID, 
2013). 
 
 Farmers’ insufficient participation  
The degree of farmers’ involvement in PIM affects the sustainability of PIM. It is often difficult 
to achieve this participation, particularly in the initial project stage, because governments do 
not clearly understand its importance from the conceptualization and planning stages. As a 
result, farmers are not aware of the significance and merits of their participation. 
 
 Inadequate relay of information 
Fair water use in an irrigation district cannot be achieved if water distribution plans are 
inappropriate or information on water flow and supply is not reliable. As a result, some 
farmers disregard the water distribution plans and merely continue to seek their own 
interests in water supply. In this case, farmers feel that water distribution is unfair even 
though they contribute to the activities of the WUAs. 
 
 Low collection rate of water charges  
Farmers are sometimes reluctant to pay water charges when they are higher that what they 
earn, or when they do not recognize the value of being members of WUAs. Another similar 
problem is “free riders” who do not belong to WUAs, or if they do, they use water without 
paying water charges.  
 
 Lack of funding for construction and maintenance of facilities 
The WUA’s main income is water charges to its members. If the collection rate of these 
charges is low, it is impossible for them not only to build new facilities, but also to maintain 
the existing facilities. 
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 Lack of knowledge and technical ability of stakeholders 
The sustainability of an irrigation system and WUAs depends on government employees and 
farmers’ capabilities in planning, designing, and managing it. When government employees 
and farmers do not have enough knowledge and technical ability, and do not understand the 
concept and principles of PIM, they cannot maintain an irrigation system under PIM.   
 
 Governments’ perceptions and positive attitudes towards PIM 
In some countries, governments do not financially and technically support WUAs once they 
transfer the system management to them. This transfer negatively impacts the sustainability 
of PIM. In addition, government officials often tend to impose a bureaucratic, top-down 
approach to promoting PIM. There are many cases where these approaches are not aligned 
with the needs of farmers and local conditions.  
 
Indicators of participatory irrigation management and the importance of fairness (Annex 4) 
 
To evaluate the efficiency of PIM, the JIID developed 13 indicators to evaluate the PIM (JIID, 
2019), which was invented by Kakuta (2011) based on the theories proposed by Ostrom 
(1990) and Freeman (1989), as shown in Annex 4. 
 
Necessary measures to improve PIM  
 
The necessary measures to improve PIM are to “establish well-organized WUAs”, “build the 
capacity of local governments and farmers”, “increase the engagement of local governments” 
and “establish public financial support and the cost-sharing system”. 
 
 Establish well-organized WUAs  

It is necessary to set institutional regulations to ensure that all the members are provided 
with equitable services for establishing well-organized WUAs. The JIID indicates ten 
conditions to establish well-organized WUAs, as follows. 

 
(1) Common goals  

 WUA members should share the following common goals: (i) achieving stable and fair 
water distribution; (ii)increasing yields and income, and improving living standards; (iii) 
reducing disputes between farmers; (iv) conserving local resources; (v) developing the 
local economy; and (vii) revitalizing local communities. Sharing common goals will 
enhance and maintain collective works, e.g. irrigation maintenance and water distribution.   
  

(2) Willingness to cooperate  
In order to achieve the common goals, WUA members must be willing to cooperate. 
WUAs must ensure that members receive sufficient financial, material, and social 
incentives that will outweigh costs (contributions) (Table 11). 
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Table 11. Costs and incentives of WUAs 
Costs (contributions) Incentives (motivation for farmers to join the 

organization) 
– Payment of water charges, 

membership fees and other costs 
(levies) related to the operation 
of the irrigation systems 

– Maintenance work 
– Attendance at various meetings. 

 - Awareness of the benefits from PIM 
 - Obligation to the organization 
 - Expectation for water distribution 
 - Ownership of irrigation projects 
 - Awareness of the need to participate 
 - Strong leadership 
 - Trustworthiness among other members 
 - Connections with the local community. 

 
(3) Clarification of WUA membership and identification of the target areas 

It is important to clarify the WUA membership, its beneficiary area for water distribution 
and facility maintenance, and its obligations, e.g. providing labour for maintenance and 
paying membership fees. Mutual monitoring among the members allows to eliminate free 
riding of water resources. WUA members are required to participate in decision-making 
and fulfil obligations.   
 

(4) Clarification of members’ rights and obligations, and balancing the two 
It should be ensured that the members legitimately access water based on the prescribed 
rules, and that the members can elect representatives, state their wishes in terms of 
organizational management and their needs at general meetings. The members’ 
obligations should also be specified, together with their rights, in articles or rules of the 
WUAs. Specifically, rights and obligations in Table 12 should be included:  

 
Table 12. Member’s rights and obligations  

Members’ rights  Members’ obligations  
- To access irrigation water legitimately 
- To elect leaders of a WUA by voting 
- To participate in decisions on important matters 
- To seek disclosure of information 

- To pay maintenance costs (burden of costs 
in line with benefits) 

- To provide labour in maintenance activities 
(provision of labour in line with benefits) 

- To attend meetings 
 
It is also necessary to achieve a balance between rights and obligations so that the 
benefits from the rights are not exceeded by the burdens to fulfil these obligations.  
 

(5) Presence of good leaders  
Given that leaders play an important role in achieving sustainable PIM, they must be able 
to have a combination of several excellent qualities, such as keen insight in recognizing 
the essence of issues, the ability to lead members, and the ability to solve problems.  
 

(6) Conveying information 
WUA members should be treated equally in the organization and have common interests. 
Information on water distribution and management should be shared equally among the 
members. WUAs should establish the ways of conveying and sharing information, e.g. 
holding meetings to shared issues decided on at officers’ meetings to the members and 
creating a chain of communication to convey members’ requests, problems, opinions, and 
ideas to officers’ meetings. 
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(7) Management transparency  

It is important to examine how a WUA is managed, considering the following: (i) equitable 
water allocation; (b) fulfilment of member obligations; (iii) collection and use of 
membership fees.  
 
Members need to recognize the fulfilment of the obligations. WUAs should exclude free 
riders who break organization rules. To confirm that WUAs are being properly managed, 
relevant documents must be prepared, information disclosed, and an audit system 
established.  
 

(8) Penalties of violation 
Penalties should be strictly imposed on the members who fail to comply with rules 
decided by the WUAs. The penalty and procedures for its implementation should be 
agreed within the organization.  
 

(9) Financial independence  
WUAs should be financially independent to ensure their organizational autonomy. Ideally, 
WUAs should conduct operations without government subsidies. Since the Principle 
income is membership fees, the members need to agree on the method and timing of the 
fee collection and its amount. Members should consider how to create a sustainable 
financial structure. This should primarily focus on joint commercial activities, such as farm 
shops and combined shipments of produce, and on earmarking funds to repair and restore 
irrigation structures needed in future. 
 

(10)  Problem-solving (decision-making) ability  
The basic principle in solving problems in WUAs is to make decisions using democratic 
methods based on dialogue among members. It is also important to solve them from 
bottom-up, drawing on farmers’ experience, rather using a bureaucratic method with 
standardized top-down formulas.  
 

 Building the capacity of local governments and farmers  
Government officials need to provide appropriate advice enabling farmers to rationally judge 
and appropriately allocate budget for facility repairs, mediate conflicts of interest among 
them, and propose equitable water distribution and operate gates. They need to learn both 
the technical aspects and institutional management, for example, PIM principles, 
communication methods, and social-economic analytical techniques. 
 
It is also necessary to foster awareness of PIM among farmers to encourage them to 
participate in WUAs and fulfilling their obligations and duties, and improve their technical 
abilities in maintaining irrigation structures. Farmers need to learn how to operate and 
maintain irrigation structures, plan water distribution, and conduct institutional management, 
including budgeting, water charge collection and human resources.  
 
 Increase the engagement of local governments (Government perceptions and positivity 
towards PIM) To properly deliver water and maintain irrigation facilities, water distribution 
and management plans should reflect farmers’ water needs as much as possible. Local 
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governments need to provide information on water sources e.g. water levels in a river or a 
reservoir and water flow in canals for farmers’ rational judgments. Local governments also 
need to advice farmers and supervise the WUA management. Dialogue between farmers and 
local governments should be rationally proceeded in line with the principle of equality.  
 
For intersectoral issues such as droughts, water quality, and other environmental degradation, 
WUAs, governments and other interest groups, for example, factories, waterways, and 
electric power utilities need to discuss solutions and take action by creating water 
management councils composed of them.  
 
 Establish public financial support and the cost-sharing system (JIID 2013) 
Since WUAs have the responsibility to operate and maintain the irrigation structures at the 
farm level, they need to collect membership fees from farmers. However, should WUAs not 
be financially viable the governments may need to provide financial support until their 
management is running smoothly. 
 
A conceivable method for the financial support would be to limit them to a few years from 
establishment, then to gradually reduce it in line with the maturity level of the organization. 
However, considering to farmer’s financial situation, it is difficult to manage WUAs by 
themselves in a sustainable way.  
 
Therefore, the appropriate support from the national or local governments may be necessary. 
The cost would need to be appropriately allocated with a combination of public finances and 
contributions from the farmers themselves. In case that major repair work or disaster 
recovery is required, the public financial supports are essential because it is impossible to 
cover the cost by only farmers. 
 

Table 13. Summary of participatory irrigation management 
 

Benefits of PIM Problems Necessary measures 

Transboundary impacts 
-Maintains the functions of the irrigation 
system  
-Prolongs the service life of the system 
-Saves on water consumption  
-Produces more efficient and equitable 
water delivery, and performs canal 
maintenance.  
 
Irrigation management  
-Reduces government costs 
-Improves agricultural productivity  
-Motivates farmers to invest in an irrigation 
system  
-Improves governance of irrigation system  

Farmers’ insufficient 
participation in 
participatory irrigation 
management (PIM) 
(Unfair treatment) 

- Establish well-organized 
Water User Associations 
(WUAs) 

- Increase the engagement 
of local governments 

Inadequate relay of 
information 
(unfair treatment) 

- Establish well-organized 
WUAs 

Low collection rate of 
water charges (unfair 
treatment)  

- Establish well-organized 
WUAs 

Lack of funding for 
construction and 
maintenance of facilities 

- Establish public financial 
support and a cost-
sharing system  
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-Improves farmers’ management 
accountability  
-Motivates collective actions for group 
purchases of agricultural inputs, the 
development of agribusiness ventures, and 
marketing. 

Lack of knowledge and 
technical ability among 
stakeholders 

- Build the capacity of local 
governments and 
farmers 

- Increase the engagement 
of local governments 

Government perceptions 
and positivity towards PIM. 

- Increase the engagement 
of local governments. 

 
5.5.4 Summary of maintenance techniques  
 
Maintenance techniques are summarized in Table 14. The techniques indicated in Section 5.5 
are expected to mitigate the issues by improving the ways of maintaining irrigation structures. 
 

Table 14. Summary of maintenance techniques  
Issues Technique Procedure Considerations 

Climate 
change/natural 
disasters 
Drought, salinity 
intrusion and Flood  
 
Irrigation 
development  
Water quantity 
reduction  
 
Problems in the 
irrigation sector  
Outdated irrigation 
facilities 
Low drainage capacity 

Prolonged lifetime 
of irrigation 
structures 

Select structure materials 
according to life-cycle 
cost (Figures 62, 63, and 
64). 

Select the social discount 
rate to calculate the life 
cycle cost (Annex 3) 

Preventive 
maintenance  

Maintain irrigation 
structures based on the 
maintenance cycle 
(Figure 66). 

Rehabilitate the structures 
before the least allowance 
level (Figure 65). 

PIM Shown in Table 13. Shown in Table 13. 

 

5.6 Useful techniques for flood protection  
 
Flood risk mitigation measures are considered in four different categories: (i) structural 
measures to reduce the flood hazards; (ii) structural measures to reduce flood vulnerability; 
(iii) non-structural measures to reduce flood hazards; (iv) disaster management and measures 
aiming at reducing damages (MRC,2010a). Two of those four measures are closely related to 
the scope of this Guidance in terms of engineering works. 
 
(i) Structural measures to reduce flood hazards 
 
These measures aim to create storage and retention capacity including both of small-scale 
water retention in the field level and a reservoir construction.  
 
 In particular, small-scale storage in tributaries and improvement of canal discharge capacity 
are expected to reduce flood levels and flood duration at least locally or at the regional level, 
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for example, paddy dams, underdrain, and land consolidation, as indicated in Section 6, 
“Guidance for technologies to address the issues in the irrigation sector”. 
 
It is also important to lower water level in dams, reservoirs, and ponds before heavy rain in 
order to increase their water storage capacity, as indicated in Section 5.4.4, “Lowering water 
level in reservoirs and ponds”. 
 
(ii) Structural measures to reduce flood vulnerability 
 
Structure measures to reduce flood vulnerability aim to fortify irrigation structures for flood-
proofing. Since many irrigation structures in the LMB need to be rehabilitated due to aging, 
they are easily broken and easily collapse due to flood water pressure. These structures need 
to be maintained and inspected as indicated in Section 5.5.2, “Preventive maintenance” and 
be rehabilitated.  
 
In addition, removing sediments in dams, reservoirs and ponds is essential to increase the 
storage capacity of flood water. It is also important to clear mud and debris in canals and 
remove weeds on canals banks to maintain their drainage capacity. PIM is a useful system for 
maintaining the functions of structures and inspecting damages on them.  
 
Quality construction is expected to improve durability and resilience of the structures against 
floods, as indicated in Section 5.3.2, “Quality construction”.  
 
Canal and reservoir lining reduces damages from floods, as indicated in Section 6.1.1 “Canal 
lining” and Section 6.1.3, “Reservoir improvements”. It is therefore necessary for 
governments to select a type of canal according to life-cycle cost, taking into consideration 
this characteristic-  
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6. GUIDANCE FOR TECHNOLOGIES TO ADDRESS 
ISSUES IN THE IRRIGATION SECTOR  

 
 
This section describes technologies that can be applied to the LMB to address issues in the 
irrigation sector. These technologies can be adapted to both the system level and the field 
level, which are classified into three technical levels. These technologies can be applied to the 
countries according to their irrigation development. 
 

6.1 The system  
 
6.1.1 Canal lining (low level)  
 
Concept  
 
Canal lining is the covering of the bed surface and canal walls with an impermeable layer for 
reducing water seepage loss, enhancing its durability and improving its service life (Figure 71).  
 
Benefits  
 
The benefits of canal lining are: (i) water conservation; (ii) no seepage of water into adjacent 
land or roads; (iii) reduced canal dimensions; and (iv) reduced maintenance (FAO, 1992). In 
particular, lined irrigation canals reduce more water loss than unlined ones. Since many canals 
are earth canals in the LMB, a great deal of water leaks from them. Canals that carry from 30 
to 150 l/s can lose 10% to 15% of this flow by seepage and water consumption by weeds. 
Lining a canal will not completely eliminate these losses, but approximately 60% to 80% of 
the water lost in unlined irrigation canals can be saved by a hard-surface lining (FAO, 1992).  
 
Surface lining, such as concrete, brick or plastic, of a canal prevents the growth of plants and 
discourages hole-making by rats or termites, and the maintenance of a lined canal can be 
easier and quicker than that of an unlined canal. Moreover, the higher velocity that can safely 
be allowed in the lined canal prevents the small particles of soil in the canal from accumulating 
and causing siltation (FAO,1992).  
 

     
 a)       b)   

Figure 71. a) Non-lined canal and b) Lined canal following repairs 
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Type of canal lining  
 
The commonly used lining types are concrete, stone masonry, soil cement, and concrete 
flume.   
 
 The concrete lining 
 
Concrete lining is the most common type of lining for main and secondary canals in the LMB 
(Figure 73). The concrete-lined canal is constructed by reinforced concrete or concrete 
poured into a frame along a bank of a canal. The concrete canal has high durability and 
requires a lower maintenance cost than for other canals.  
 

 
Figure 72. The concrete canal  

 
 Stone masonry lining 
 
Stone masonry is constructed by loading stones on steel gabions, or by piling up stones and 
pouring mortar around them (Figures 74 and 75). Stone masonry can cope with strong flows 
and it is hard to break. Stone masonry is not widely utilized in Mekong Delta because of the 
difficulty in bringing stones to the site. 
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Figure 73. Stone masonry  

 
Source: JIID (2018)  
 

 
Figure 74. Stone masonry 
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 Brick lining 
 
Brick lining is constructed by piling up bricks along a canal bank and pouring concrete mortal 
around them (Figure 75). Bricks are easily available in the LMB because they are simply made 
by moulding, drying, and baking clay; however, bricks are fragile.  
 

Figure 75. Brick canal  
Source: JIID (2016, 2018) 
         
 Soil cement lining  
 
Soil cement lining is constructed by mixing soil with cement and water and solidifying them 
(Figure 76). 
 

Soil cement is available if there is clary near a construction site. However, it does not have the 
same level of strength as the usual concrete composed of cement and hard aggregates.  
 

 
Figure 76. Soil cement lining 

 
Source: JIID (2018) 
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 Concrete flume lining  
 
Concrete flume lining is produced in a factory and are lined up one by one on a construction 
site (Figures 77 and 78). Although concrete flume is more expensive than other lining methods, 
it is highly durable and can be installed easily on the site.  
 

 
Figure 77. Concrete flume canal 

 
Source: JIID (2015) 
 

 
Figure 78. Concrete flume 

 
Source: JIID (2016)  
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Considerations: 
 
The initial cost of a lined canal is more than that of an unlined canal. This cost depends on the 
local cost of lining material and labour as well as on lined canal length.  
 
6.1.2 Water reuse (low level) 
 
Concept  
 
Every year, 3,928 km³ of water is withdrawn worldwide, of which 44% (1,716 km³ per year) is 
consumed and 56% (2,212 km³ per year) is released as wastewater, including agricultural 
drainage and wastewater (UNESCO, 2017). 
 
 The reuse of treated wastewater in agriculture is an option to cope with water scarcity, 
growing urban populations and growing demand for irrigation water. The lack of natural 
water resources from aquifers, rivers, and lakes has led to the growing recycling of domestic 
and municipal wastewater for irrigation. In fact, according to UN Water, 32% of the total 
water reuse accounts for agriculture irrigation (UN Water, 2017) (Figure 79). 
 

 
Figure 79. Global water reuse after advanced (tertiary) treatment: Market share by application 

 
However, wastewater is used for agriculture without the necessary safety precautions. 
Microbiological and chemical pollutants can accumulate in crops, livestock products, soil or 
water resources, and lead to severe health impacts on food consumers and farm workers. 
Wastewater should be treated before reusing. 
 
Benefits 
Water reuse eases stress on freshwater availability and improves water quality of drainage, 
which usually includes organic pollution, e.g. the remaining of fertilizers and pesticides.  
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Types of wastewater treatment systems  
 
Globally, wastewater is treated by low or high technologies. Low technology utilizes 
metabolism and oxidation decomposition by microorganisms and small animals or diluting, 
sedimentation and levitation in a river, lake and soil. Low technology is generally utilized for: 
 

• Lagoons  
• Wetlands  
• Aquatic (water plants) 
• Contact oxidation  
• Diluting by riverbed water or water transmission by a river or lake  
• Air exposure  
• Aquaculture  
• Sand filters. 

 
High technology is a combination of physical (sedimentation, filtering, screening and 
levitation), biological (biofilm, airborne microbe, anaerobic digestion), and chemical 
processes (agglomeration, oxidation-reduction, sterilization, neutralization and adsorption). 
Using essentially natural processes within an artificial environment, mechanical treatment 
technologies use a series of tanks, together with pumps, blowers, screens, grinders, and other 
mechanical components, to treat wastewaters.  
 
Biological treatment is widely used globally because of its treatment efficiency and quality 
(JARUS, 2012). In general, high technology may not be available in developing countries due 
to the high cost of installation and maintenance. 
 
The LMB has high potential for low technology wastewater treatment because it has high 
temperatures throughout the year, and the natural ecosystem is conducive to self-
purification. According to the JARUS, wastewater treatment with low technology i.e. man-
made wetlands or lagoons, air exposure and aquatic, can be applicable in the LMB (JARUS, 
2012).  
 
Wastewater treatment with low technology applicable for the LMB (JARUS, 2012) is shown in 
Annex 5.  
 
Recycle of wastewater and drainage water  
 
Wastewater and drained water should be reused to improve irrigation efficiency. Figure 80 
shows an image of recycling wastewater and drainage water in an irrigation area and villages. 
Wastewater in rural villages can be purified by a small-scale distributed sewerage system and 
the treated water can be supplied to an irrigation canal. Farmers withdraw water from an 
irrigation canal for paddy farming and then drain it to a drainage canal. A pump station at the 
end of an irrigation district pumps the drainage back to an irrigation canal for reuse. 
 
In addition, this recycling system can also reuse irrigation water in the paddy fields of the 
downstream side after treating the drainage water from the paddy fields in the upstream side.  
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Figure 80. Image of drainage water recycling  

 
Considerations: 
 
Wastewater treatment should be selected based on initial and maintenance costs and the 
required maintenance level. In fact, some wastewater treatment in rural areas is abandoned 
due to high maintenance costs and complexity of maintenance. In particular, regular 
maintenance is necessary for wastewater treatment to maintain its function. The wastewater 
treatment level is easily lowered unless sludge, which is generated by the treatment process, 
is not removed from the sewerage facility.  
 
6.1.3. Reservoir improvement (low) 
 
Concept  
 
Small reservoirs are utilized in the LMB to supply water to farmlands. However, they are 
usually dried up in the dry season or even in the late rainy season because of water demand 
increase due to the expansion of rice cultivation, a lack of rain in the rainy season, improper 
maintenance such as water leakage from cracks and seepage into underground, and non-
operational rule, which leads to a water oversupply to farmlands. Therefore, small-scale 
reservoirs need to be improved so that that they can be used better and more practically. 
 
Methods of the improvement  
 
There are three methods to improve small reservoirs: (i) the pair reservoir system; (ii) 
reservoir lining; and (iii) reservoir management and operation.  
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The pair reservoir system (Figure 81) consists of the construction of a sub-reservoir to store 
spilled water from the main reservoir and use it for supplementary irrigation (JIRCAS 2017). 
The sub-reservoir can be utilized for supplementary irrigation. The sub-reservoir collects 
water spilled from the main reservoir by gravity.  
 

 
Figure 81. Main and sub-reservoirs   

 
(ii) Reservoir slops should be lined by concrete, mortar or stones, and an impervious 
membrane for preventing water leaking or stabilizing the slops (Figure 82). Water leaks easily 
from a reservoir if it has an earth bank (Figure 83).  

 

 
Figure 82. Earth bank (right) and lined bank (left) of a reservoir 

 
Source of photo: MAFF/Japan 
 

Earth bank Lined bank 
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Figure 83. Earth banks of a reservoir (left and right) 

 
(iii) Reservoirs should be properly managed and operated under the framework of the 

participatory irrigation management (Section 5.5.3). WUAs need to establish the 
reservoir management and operation rules for delivering water to farmlands, not more 
than necessary, regularly inspect reservoirs, and rehabilitate them. The following 
important management points should be followed:   

 
• Cut grass and trees on the banks of a reservoir to easily find any damages on it.  
• Inspect a body of a reservoir and rehabilitate cracks if found.  
• Remove sediments to increase storage capacity and drain the excess water.  
• Recompact the bottom of the soil or put mud in it to reduce seepage. 

 

 
Figure 84. Trees on the bank of a reservoir  
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Figure 85. Grass on a reservoir bank 
 
Grass and trees on the bank of a reservoir should be regularly cut to easily identify cracks that 
lead to water leaking. In particular, trees on the body are one of main causes for water leaking.  
 
Sediments in reservoirs should be removed to increase their water storing capacity, which 
can mitigate the impacts of drought and flood. The sediments should be removed in a month 
when farmers do not use water from the reservoirs. In addition, it is important to inspect a 
reservoir. If any damages are identified in a reservoir, they should be repaired before storing 
water. In particular, cracks in the bodies can trigger the collapse of reservoirs and ponds 
during floods.  
 
Furthermore, the sediments in a spillway should be removed so that excessive water can 
smooth drain into a reservoir to prevent it from collapsing.  
 

Figure 86. Sedimentation in a reservoir (left) and a spillway (right)  
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Considerations: 
 

 At the initial period after construction, soil on the bottom of the sub-reservoir is so 
porous that water may leak. To prevent leaking, mud in the main reservoirs can be 
used for lining the bottom of the sub-reservoir, which also increases the water 
storage capacity in the main reservoir.  

 All canals should be lined to reduce water delivery loss. 
  

6.1.4 Underground taming of floods for irrigation (middle level) 
 
Concept   
 
During the rainy season, flood water frequently damages a large area of the LMB. In contrast, 
in the dry season, people in the LMB suffer water shortage due to drought. In some areas of 
the LMB, farmers depend on large quantities of groundwater for agriculture, especially in the 
dry season, due to limited access to surface water. When farmers use more groundwater than 
the amount recharged by rainfall, this causes groundwater levels to fall and, as a result, to be 
depleted.  
 
Underground taming of floods for irrigation (UTFI) involves diverting high water flows from 
rivers or canals at times when these flows pose flood risk, and recharging the groundwater 
via village ponds or small dams that are modified for this purpose (IWMI). Once UTFI stores 
flood water underground, farmers can utilize the stored water for irrigation in the dry season 
by pumping it. UTFI tackles the dual challenges of floods and groundwater depletion (IWMI). 

 
The UTFI system 
 
Flood water infiltrates into an aquifer through an artificial pond and water can be pumped up 
from the aquifer through a well for irrigation (Figure 87). 

 
Figure 87. The UTFI system 

 
The International Water Management Institute (IWMI) conducted a pilot project of UTFI in 
Jiwai Jadid, India. An artificial pond was newly constructed to recharge flood water into an 
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aquifer. In addition, some recharge wells were installed in the pond. Flood water flows into 
the aquifer from the wells (Figure 88). The estimated initial investment cost of UTFI is about 
USD 600 per ha in India (IWMI, 2015).  
 

 
Figure 88. Schematic illustrations and photographs of the UTFI pilot site at Jiwai Jadid village (a) at 
the basin scale; (b) local-scale representations; (c) design of recharge wells; and (d) photograph of 

the retrofitted village pond 
 
Source: IWMI (n.d.) 
 
 
Benefits 
 
UTFI was tested in the Chao Phraya River Basin. The captured water could be readily 
recharged and accommodated within the vast, shallow alluvial aquifers situated within and 
upstream of the flood- prone areas. Capturing peak flows on a yearly average by dedicating 
around 200 km2 of land in the Chao Phraya River Basin to groundwater recharge would reduce 
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the magnitude of flooding and generate around USD 250 million per year in revenue from 
new agricultural production. This would boost the livelihoods of rainfed farmers, who 
represent some of the poorest members of the community (IWMI., n.d.).  
 
A pilot test of UTFI was conducted in the Ganges River Basin, India. An analysis presented for 
the Ramganga sub-basin of Ganges River suggests that diverting and recharging around 1,741 
m3 ha would reduce peak floods by 50% and significantly diminish flood return periods (IWMI, 
2015) 
 
A UTFI pilot testing in western Uttar Pradesh, India, involving the recharging of monsoonal 
flows, diverted through irrigation canal system into a series of recharge wells, demonstrates 
that significant quantities of water (70,000 m3) can be stored underground each year without 
detrimental impacts on the environment or groundwater quality. The groundwater buffer 
created through recharge can support an additional 35 ha of dry season crop (Pavelic et al., 
2018).  
 
Monitoring the quantity and quality of recharged water   
 
It is important to monitor the quantity of water recharged into an aquifer and consumed for 
irrigation in order not to deplete the stored water by UTFI. In addition, water quantity should 
be examined to ensure that the water quality meets agricultural use. The IMWI suggests the 
parameters for monitoring as follows (ibid.): pH, EC, temperature, turbidity, calcium, 
magnesium, sodium, potassium, carbonate, bicarbonate, chloride, sulphate, fluoride, iron, 
arsenic, nitrate, nitrite, ammoniacal nitrogen, total nitrogen, total organic carbon, faecal 
coliforms, phosphate, and pesticides. In particular, heavy metals and fluoride should be 
monitored and analysed to ensure that they meet water quality standard for irrigation.  
 
Considerations:     
 
To maximize the effect of UTFI, the Institute for Global Environmental Strategies (IGES) and 
the IWMI suggest three factors for sustainable use of groundwater (Shivakoti et al., 2019):  
 
(1) Identification of aquifers of strategic importance and their protection  
It is essential to identify the aquifers of strategic importance by undertaking resource 
assessment in the areas prone to flood and drought risks. The scope of resources assessment 
should cover the storage potential, recharge condition, discharges (including contribution to 
water ecosystems), water quality suitability, and relative ease in access. 
 
(2) Operational rules of balancing groundwater recharge-discharge for flood and drought 

risk management 
Appropriate plans and rules for enhancing recharge and storage, and promoting conjunctive 
use of surface water and groundwater are required. The coordinated management of surface 
water and groundwater would allow to balance the dynamic storage of the aquifers while 
satisfying the demand for water during regular periods.  

 
(3) Use and management of groundwater to mitigate drought impacts and secure water 

supply during emergencies 
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During droughts and emergencies, the groundwater should be available equitably for all 
affected people to meet their essential needs. Since the fixed portion of aquifer storage will 
be prioritized for water supply, extra care would be required on the efficient use of water and 
protection of aquifers from contamination. During floods, flood water diversion towards 
receiving aquifers should be initiated immediately to capture water safety underground in 
order to simultaneously mitigate flood impacts and increase supplies. 
 
6.1.5 Land consolidation (middle level) 
 
Concept  
 
Land consolidation is a rearrangement of farm plots to transform small and scattered land 
into larger land. Its objective is to increase agricultural production, and labour productivity by 
enlarging the size of plot and reducing the number of plots by swapping portions of land 
between landowners. In addition, land consolidation can be expected to improve water 
delivery loss and drainage capacity because it will restructure or rehabilitate irrigation and 
drainage canals (Figure. 89).  
 
Methods  
 
Land consolidation can be conducted even in a country that does not authorize land property 
right to individuals. In this case, it is necessary for lessees and tenant farmers to have the 
rights to rent lands. However, rent rights for individuals, locations, and sizes and shapes of 
each plot of land need to be registered in a land ledger in order to equally allocate farmlands 
to each farmer based on the existing rights before the land consolidation.    
 
Benefits  
 
Japan has been conducting land consolidation since 1963, which by 2016 was completed for 
around 64% (1.6 million ha) of paddy fields (MAFF/Japan, 2016). Land consolidation is 
conducted with the improvement of irrigation, drainage, and farm roads for increasing 
agricultural and labour productivity. The benefits of land consolidation are as follows: 
 

• reduces labour and production costs by introducing machinery to farm cultivation 
and reducing unit cost of fertilizer seed, etc. (In Japan, land consolidation reduces 
60% of labour for rice cultivation and 60% of rice production cost (MAFF/Japan.); 

• increases the size of farming; 
• improves water supply and drainage and access to a farmland; 
• converts to high added value crops; 
• creates lands for other uses, e.g. markets, schools, parks and roads. 

 
Land consolidation also reduces water delivery loss because it restructures fragmented 
farmlands and irrigation networks that can directly connect to farmlands. Water delivery loss 
will be improved by introducing the automatic irrigation and underground irrigation during 
land consolidation (See Sections 6.2.5 and 6.2.6). Land consolidation enables the existing 
technologies to be adapted to a large plot (Anh et al., 2015). 
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Land consolidation can also improve the drainage capacity of farmlands by restructuring 
drainage canals. 
 
 

  
 Figure 89. Before and after land consolidation  

 
Considerations:     
 
Governments need the consensus of proprietors or renters of the lands for land consolidation 
even though this could take time before they can begin. Governments are required to clearly 
show stakeholders the benefits of land consolidation.  
 
6.1.6 Pipeline (high level) 
 
Concept  
 
An irrigation pipeline is a series of pipes buried underground where water is delivered through 
gravity or pressure from a headworks to farmlands. Water is stored in a surge tank and 
pumped up to the top of the tank for increasing the water head and then flows by pressure 
in the pipelines. Water is diverted to a few branch pipelines by diversion works and is 
delivered to tertiary pipelines with pressure (Figure 90).  
 
Once farmers open the valves in their fields with smartphones, they can automatically supply 
water to their fields without dead flow.  
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Figure 90. Pipeline system (Kzuryu Area, Japan)  

Source: MAFF/Japan 
 
Benefits  
 
Pipelines achieve higher irrigation efficiency than open channel canals because they prevent 
evaporation, leaking and seepage by leaving out sunshine and cover the water (Figure 91). In 
addition, water is supplied to farmlands on demand, which can reduce dead flow. Irrigation 
pipelines have the same mechanism as tap water systems because they conveys water by 
pressure from water head or pumps.  
 

    
Figure 91. Open channel canal (left) and pipeline (right) 

 
The pipeline system covers many irrigation areas in Japan, which contributes to reduce dead 
flow and deliver water to fields on demand. In addition, the pipeline system is suitable for 
installing an automatic water management system, which can save irrigation water and 
reduce the burden of water management. 
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More water can be saved with a combination of a pipeline system, land consolidation (Section 
6.1.5), a remote monitoring and control system (Section 6.1.7), automatic irrigation (Section 
6.2.5), and underground irrigation (Section 6.2.6). 
 
Considerations:     
 
Since the pipeline system is much more expensive than the open channel system, it should 
only be considered for installation if there are economic benefits and irrigation efficiency. The 
pipeline system also requires more safety measures than an open channel because it is buried 
underground. For instance, water leakages of a pipeline are not easy to be repair. In particular, 
water leakages in a pipeline system with high water pressure significantly damage its 
periphery. Therefore, pipe type, pipe thickness and earthquake resistance of pipe’s body and 
joints should be examined.  
 
6.1.7 Remote monitoring and control system (water flow) (high level) 
 
Needs for remote monitoring and control system  
 
Water distribution to farmlands should be monitored and controlled to efficiently utilize 
limited fresh water. However, distributing the proper amount of water to farmlands is not 
easy because it is difficult to: (i) predict large yearly and seasonal water fluctuations of water 
resources such as river flow and rainfall; (ii) predict change in daily, seasonal and yearly water 
demands, depending on weather, soil types, crops, harvested area, and harvest timing; (iii) 
operate diversions and gates in a timely manner. It is also difficult due the inability to 
immediately respond to rainfall run-off. Therefore, water shortage and dead flow occur.  
 
Since operators are required to distribute water to each farmland without deficiency and 
excess, they need to capture the available amount of stored water from water sources, the 
amount of water running in canals, and the amount of water distributed to each canal.  
 
In addition, water management should immediately respond to water flow and rainfall 
fluctuations within time units of hours or days. In a large irrigation area, water management 
workload is enormous because operators are required to respond to these fluctuations in a 
timely manner. However, operators in the LMB distribute water by manually handling the 
irrigation facilities on site and cannot cope with water demand in a timely manner. In 
particular, this delay in operation causes a great deal of dead flow (i.e. ineffective water). 
 
Remote monitoring and control system reduces water delivery losses and distributes the 
required amount of water to each farmland because it can timely respond to the changes in 
water demand and deliver the required amount of water by observing water flow and 
controlling diversions and gates via a mobile device or a personal computer. Operators can 
remotely monitor and control each irrigation facility. 
 
The remote monitoring and control system 
 
The remote monitoring and control system is composed of telemetry and tele-control 
(TC/TM) equipment, graphic and operation panels, data processing equipment, etc. The 
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system collects data in a timely manner on rainfall, stored water, water flow and discharge of 
each irrigation facility and enables operators to remotely monitor and control the main 
irrigation facilities for example, dams, reservoirs, headworks, and gates from a central 
management office or their mobile device.  
 
A central management office will have telemetry and tele-control (TC/TM equipment), 
graphic and operation panels, and data processing equipment. TC/TM equipment is also 
installed in each irrigation facility so that it can transmit the data and receive commands from 
the station to open or close gates for controlling water flow. A central management station 
and on-site TM/TC equipment can communicate by wireless means, a dedicated 
communication line, and a commercial line (Figure 92).  
 

 
Figure 92. TC/TM system  

 
Data are transmitted from sensors attached to each irrigation facility to a cloud server so that 
operators can observe their mobile phones, tablets, and personal computers (Figure 93). 
Through the development of IT technologies, it is possible to obtain a low-cost TM system for 
irrigation water management and using Geographic Information System (GIS), including 
timely data collection through a mobile phone network and internet and timely and efficient 
management in modernizing the irrigation sector (Ohira, 2019). 
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Figure 93. TM data transmit system 
 
Source: Ohira (2019) 

 
Benefits of the remote monitoring and control system  
 
The benefits are listed as follows:  

a. Capture water flow and rainfall in an irrigation area, including the discharge from dams 
and reservoirs, intake from weirs and gates, and water flow in canals.  

b. Deliver the necessary amount of water to each farmland by remotely monitoring and 
controlling water discharge, intake, and diversion from irrigation facilities. 

c. Enhance awareness among farmers on saving water through a highly reliable water 
management control system. Rational water allocation to each farmland will raise 
farmers’ and other stakeholders’ trust in the operations, enhance farmers’ 
participation in water management, and significantly contribute to the activities of 
WUAs.  

 
Considerations:  
 
If countries lack an adequate budget to install a system that has both monitoring and control 
functions, they can attach only a monitoring function to their irrigation facilities. 
 
The most important aspect of tele-monitoring is the continuous collection of data without 
data loss. Therefore, a reliable, remote monitoring and control system should be introduced. 
In addition, in terms of maintenance and cost, the tele-communication equipment such as 
sensors should be distributed globally and not custom-ordered. Furthermore, and the 
monitoring software should be free because it can be cheaper and easily replaced in case of 
breakdown (Ohira, 2020).  
 
Installation costs of the tele-monitoring system (Ohira, 2020): 

- Telemonitoring equipment including a sensor and box – around USD 6,000/unit  
- Rain gage – around USD 1,000/unit. 

 
It should also be considered that the service life of the system is 5–10 years. 
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6.2 Irrigation technologies at the field level  
 
This chapter describes irrigation technologies at the field level that are expected to address 
issues in the irrigation sector of the LMB. These technologies are also classified into three 
levels so that Member Countries will be able to utilize them in accordance with the degree of 
irrigation development.  
 
6.2.1 Alternate wetting and drying irrigation (low level) 
 
Concept 
 
Alternate wetting and drying (AWD) is a water-saving technology that enables farmers to 
reduce irrigation water consumption in rice fields without decreasing yield. It alternates wet 
and dry conditions in a paddy field by controlling water supply. Water is delivered to a paddy 
field after water ponded evaporate and percolate; it is then alternately flooded and non-
flooded in a paddy field. The number of days of non-flooded soil between irrigations can vary 
from 1 to more than 10 depending on a number of factors, such as soil type, weather, and 
crop growth stage (Lampayan et al., n.d. ). 
 
Method  
 
In AWD, the following two water management procedures are performed and repeated 
during the after-flowering, grain filling, and ripening stages (JIRCAS, 2019):  
 
 When the water level reaches −15 cm from the surface, irrigation water is used to refill 

the paddy fields until the water level reaches 5 cm from the surface.  
 Once the water is filled to 5 cm, the irrigation is stopped until the water level drops to 

−15 cm. 
 
A practical way to implement AWD is to manage the water level by using a ‘field water tube’, 
which monitors the surface water and groundwater levels on and in the paddy fields (Figures 
94, 95, and 96). 
 

 
Figure 94. Field water tube            
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Figure 95. Field water tube   

 

 
Figure 96. Water sensor  
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Benefits  
 
Compared to continuously flooded rice systems, AWD has been shown to reduce water use 
by 23–33% (Carrijo et al., 2017), reduce greenhouse gas emissions (methane plus nitrous 
oxide) by 45–90% (Linquist et al., 2015), and reduce methylmercury and total arsenic 
concentration in rice grain by 38–60% (Rothenberg et al., 2016; Tanner et al., 2018) and 50% 
(Das et al., 2016), respectively. Methane generates under a reductive soil condition when a 
paddy field is flooded.  
 
In addition, according to the Japan International Research Center for Agriculture and Science 
(JIRCAS), AWD has reduced the number of pumping and its cost because it used less water 
than continuous flooding rice farming and has also increased about 20% rice yield compared 
to continuous flooding (Figure 97) (JIRCAS, 2019). AWD increases grain production because it 
improves lodging resistance of rice (Miyashita et al., 2016). It prevents rice plants from rapidly 
growing because it does not make them absorb nitrogen more than necessary. The absorption 
of excess nitrogen softens a leaf and stem of rice. 
 

                   
Figure 97. Running cost and rice yield between alternate wetting and drying (AWD) and continuous 

flooding  
 
Methane is produced by methanogen, which is an anaerobic bacteria. AWD can reduce the 
generation of methane because it makes soil in a paddy field dry by stopping water supply, 
which prevents soil from becoming reductive.  
 
Considerations: 
 
According to the JIRCAS (2019), it is difficult to introduce AWD to plot-to-plot paddy fields 
that are not directly connected to an irrigation canal and a drainage canal because the water 
level in these fields cannot be controlled for alternate flooded and non-flooded conditions. 
Since farmers directly supply water from a paddy field to the next through paddy ridges in the 
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plot-plot paddy fields, they cannot control the water level in the paddy field. Land 
consolidation is useful to connect each paddy field to an irrigation canal and a drainage canal 
(Figure 98).  
 
The water level cannot be accurately measured under an uneven land level in a paddy field. 
Land consolidation is also useful for flattening the land level of paddy fields.  
 

 
 Figure 98. Water flows before and after land consolidation  

 
Furthermore, AWD irrigation can be easily conducted by using information and 
communications technology (ICT) (Figure 99). Water sensors in a paddy field transmit water 
level data though 3G or 4G networks, and farmers check the data by a smartphone or 
computer, and control water supply to their paddy fields (JIRCAS, 2019).  
 

 
Figure 99. Concept of water monitoring in paddy fields under AWD 

 
6.2.2 Underdrainage (low level)  
 
Concept   
 
Since underdrainage drains excessive water in farmlands by promoting infiltration in soil, it 
contributes to not only reducing the flood impact, but also increasing yields. In addition, 
underdrainage enables farmers to cultivate upland crops in paddy fields because it maintains 
good soil moisture.  
 
The underdrainage is composed of the main and sub-underdrain (Figure 100). The main and 
sub-underdrain collects excessive water in the soil. Normally, farmers closes a drainage valve 
to store water in a paddy field and open a drainage valve to release water from a paddy field. 
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Water flows in the underdrain and is drained to a drainage canal. The main underdrain is set 
every 7.5 m to 10 m pitch and 50 cm to 80 cm below the surface.  
 

 
Figure 100. Structure of the underdrain  

 
The underdrain is set every 2 m to 3 m, and crosses a main underdrain at a right angle, collects 
excessive water, which flows into to a main underdrain (Figure 101).  
 

 
Figure 101. The main drain and the underdrain 

 
The material of the main underdrain consists of polyethylene corrugated pipe, vinyl chloride pipe, and 
unglazed clay pipe (Figure 102). 
 

 
Figure 102. Materials of the main underdrain (MAFF/Japan) (left: polyethylene corrugated pipe; 

centre: vinyl chloride pipe; right: unglazed clay pipe 
 
Note: Methods of underdrain installation are shown in Annex 6. 
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Benefits  
 
The underdrain system reduces the flood impact on farmlands and also increases yields. The 
data on the cut drain show that it reduces the level of groundwater in a farmland more than 
subsoilers (Figure 103) because it promotes the draining of excessive water through the 
underground drainage.  
 

 
Figure 103. Groundwater level in a farmland in comparison with a cut drain, a subsoiler, and the 

control 
Source: NARO 
 
Figure 104 shows the wet condition of the wheat farmland surface after heavy rain. A cut 
drain is installed into the farmland (left). The farmland has no underdrain (right), has water 
logging. 
 

 
Figure 104. Water logging in the wheat farmlands after heavy rain (left: cut drain, right: no 

underdrain)  
 
The underground drainage promoted by the cut drain increases the yields in the farmland 
because it ameliorates the moisture condition in soil for crop growth. Figure 105 shows the 
yield increase by the cut drain and subsoiler compared to no underdrain (control). A cut drain 
increases the yields of soybean, wheat, adzuki bean, sugar beet, and grain corn by about 10 
to 20% compared to a field without an underdrain (control).  
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Figure 105. Ratio of yield increase of a cut drain 

 
Considerations:     
 
Underdrains should be installed in farmlands in the dry season for readily constructing and 
expediating the good condition for drainage in the farmlands. The underdrains should be 
connected to the main underdrain to promote drainage. However, in farmlands of upland 
crops, the sub-underdrain can only be feasible if it is directly connected to a drainage canal 
from the farmland.  
 
Sub-underdrains without filter material should be rehabilitated every two or three years 
because they are easily clogged or easily collapse; however, the cut-drain can last more than 
two or three years. 
 

Table 15. Underdrain installation costs per 10 are in Japan  
Types of underdrain Cost (10 are/JPY) Remark 

Main underdrain 190,000   
Sub-underdrain    
Mole drain 800  
Cut drain  800  Cut-drain cutter: JPY 1,000,000  
Simple drain with filter material  125,000  
Subsoiling  1,000 Subsoiling chisel: JPY 200,000 

 
6.2.3 Paddy dam (low level) 
 
Negative effect of urbanization for flood control  
 
Since paddy fields temporally store flood water, they can delay the flood discharge to a river 
and reduce flood damage. The function of flood control is one of many functions of paddy 
fields (MRC, 2010c).  
 
The MRC analysed the effect of flood control by a paddy field in Roi-Et city, Thailand (MRC, 
2010c). The paddy cultivation area around the city has decreased over time. Between 1987 
and 2005, paddy field areas decreased from 4,306 ha to 3,140 ha, i.e. nearly 30%. Assuming 
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an average water depth of 0.4 m, paddy fields could hold approximately 17.2 million m3 of 
water in 1987, but subsequently this decreased to 12.5 million m3 in 2005. In the last two 
decades, due to the decrease of paddy field areas, the flood water holding capacity around 
the city decreased by almost 30%.   
 

Table 16. Land use change and water holding capacity around Roi-Et town, 1987–2005 
Year Paddy fields (ha) Urban area (ha) Water depth (m) Water holding capacity 

(m3) 
1987 4,306.24 608.32 0.4 17,224,960 

1997 3,537.44 1,474.88 0.4 14,149,760 

2005 3,140.16 1,858.88 0.4 12,560,640 

 
Concept  
 
Japan has undertaken flood mitigation measures using paddy fields by installing runoff control 
devices in drainage boxes of paddy field plots. Farmers install a board with a small hole to a 
drainage box to control the volume of drainage from a paddy field (Figure 106). 
 

 
Figure 106. Concept of a paddy dam 

 
Benefits  
 
The runoff control devices can cut a peak of drainage discharge from paddy fields to a river 
(Figure 107).           
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Miyazu estimated the reduction ratio of flooded areas by paddy dams in Niigata, Japan 
(Miyazu et al., 2012). In Yokoye River Basin, paddy dams reduced the flooded area from 712 
ha to 555 ha. The paddy dams decreased the flooded areas by 22%.  
 
According to Niigata prefectural government, labour to install a paddy dam and operate 
runoff control devices is less than 30 minutes per year, which is converted to JPY 875 (USD 8) 
in monetary value (Niigata). The installation cost is between JPY 3,000 (USD 30) to JPY 500 
(USD 5). However, farmers’ cooperation is necessary to implement paddy dams for flood 
prevention. 

 
Figure 107. Image of a peak cut of a river flow 

 
Considerations:  
 
Governments need to obtain cooperation for paddy dams as much as possible for enhancing 
its effectiveness. At times, farmers are reluctant to cooperate with operation in their paddy 
fields for paddy dam because they fear that their workload would be increased. Governments 
need to clearly explain the benefits of paddy dams to farmers to obtain their approval for 
participating in paddy dam operations.  
 
6.2.4 Drip irrigation (middle level)  
 
Concept  
 
Drip irrigation is most suitable for row crops (vegetables, soft fruit), tree and vine crops where 
one or more emitters can be provided for each plant. Generally, only high-value crops are 
considered because of the high capital costs of installing a drip system (FAO, 2001).  
 
Drip irrigation supplies water to the soil at very low rates (2–20 litres/hour) from small-
diameter plastic pipes fitted with outlets, called emitters or drippers. Water is applied close 
to plants so that only part of the soil in which the roots grow is wetted unlike surface and 
sprinkler irrigation, which involves wetting the whole soil profile. Drip irrigation supplies 
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water more frequently (usually every 1–3 days) than other methods, which provides a highly 
favourable high moisture level in the soil in which plants can flourish (FAO, 2001).  
 
Benefits (drip Irrigation for rice)  
 
Israel has developed the drip irrigation system for growing rice instead of flooded irrigation 
and applied it to India, Brazil and Ukraine. In November 2018, the MRC interviewed NETAFIM, 
a drip irrigation supplier, who explained the benefits of drip irrigation as follows: 
 

 Reduces up to 50% of the water use in flooded irrigation  
 Increases rice yield 

A research study conducted in India shows that the rice yield from the drip irrigation 
increased up to 10–11 t/ha, compared to the yield from the traditional irrigation, 
which provided 2–5 t/ha. Drip irrigation improves aerobic rice culture and promotes 
lateral root branching as well as deep rooting, which enables to intake more nutrition 
from the soil.  

 Reduces greenhouse gas emissions  
Drip irrigation can reduce around 470 kg CH4 emission per growing season in four 
months in 1 ha of rice. The NETAFIM claimed that converting 10% of global rice fields 
to drip irrigation may remove an equivalent of 40 million personal vehicles. 

 Reduces arsenic uptake  
From the company’s trail plots, the arsenic uptake in rice grain reduced from 0.11 
mg/kg in flooded irrigation to <0.01 mg/kg in drip irrigation. With paddy farming, rice 
roots are submerged, consuming heavy metals, thus drastically increasing the 
presence of arsenic within the grain, which is a significant health hazard. With drip 
irrigation, rice roots are not submerged, reducing arsenic uptake by 90% (NETAFIM, 
2015). 

 
In general, the use of drip irrigation resulted in 50% water savings and a 29% increase in rice 
yield compared with aerobic cultivation (Hmielowski, 2019).  
 

     
a)        b) 

Figure 108. a) Drip irrigation (germination) and b) Drip irrigation (harvesting stage) 
 
Source: NETAFIM 
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Impacts on the multifunctionality of paddy farming (Annex 7) 
 
It should be noted that drip irrigation requires high initial and maintenance costs because it 
consists of many parts, such as a pumping machine, and limiters. In addition, it would 
negatively influence the external economies of paddy farming such as wetland and 
biodiversity preservation and groundwater supply. Water use and management of paddy 
fields as well as rice cultivation activities generate non-production benefits (external 
economy), which are the multifunctional roles of paddy fields (Figure 109). Irrigation facilities 
targeted to deliver water to rice fields serve several other purposes, such as: flood control; 
support of natural vegetation; groundwater recharge, as well as spawning and breeding 
grounds for several aquatic species (MRC, 2010c). 
 
In terms of multifunctional roles of drip irrigation, some experts insist that it has impacts on 
wildlife habitats because it eliminates wetlands and flood plains that are created by flooded 
irrigation (Kasler et al., 2016). In particular, drip irrigation stops groundwater recharge, which 
is one of the many functionalities of paddy farming.  
 

 
Figure 109. Multifunctionality of paddy fields in Japan  

 
Source: MAFF/Japan 
 
 
Considerations:  
 
In the LMB, drip irrigation is useful for upland crops and rice cultivation in the dry season. 
However, it is uncertain whether or not drip irrigation can replace flooded irrigation. The 
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Member Countries of the MRC must await research findings in order to analyse the impacts 
of drip irrigation before introducing it to rice farming. 
 
Annex 6 shows the impacts of the drip irrigation for rice farming, which need to be analysed.  
 
6.2.5 Automatic irrigation (high level) 
 
Concept  
 
The automatic irrigation system has been developed and used in Japan. Farmers can control 
water supply and drain to and from paddy fields remotely in a timely manner by using mobile 
devices such as a tablet or a smart phone. They need not go to the fields to open and close a 
gate or a valve for supplying and draining water to and from their paddy fields (Figure 110). 
 
The automatic irrigation system is composed of automatic hydrants, water level sensors, 
thermometer sensors, a cloud server, and a tablet or a smart phone. These sensors transmit 
data though Wi-Fi Lan and a cloud server to a mobile device. Farmers check the data through 
an application in a mobile device through which they can open and close the automatic 
hydrants to control the water supply and drain.  
 

 
Figure 110. Image of automatic irrigation 
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Benefits   
 
According to the National Agriculture and Food Research Organization (NARO)/Japan, the 
automatic irrigation system reduces total water use by 50% (Figure 110) and labour hours for 
water management by 80% (Figure 111) during a culturing period in a 20a-paddy field 
(MAFF/Japan, 2017).  
 

 
Figure 111. Water management in a farm plot (20a) 

 
Considerations: 
 
The automatic irrigation system requires the following initial costs for equipment:  

- Automatic hydrant - JPY 10,000 
- Water level and thermometer sensor – JPY 50,000 
- Transmission per month - around JPY 2,000 to JPY 4,000.  

 
Governments need to subsidize automatic irrigation for farmers. Its running cost is cheaper 
than the initial cost because it only requires the cost of internet service through a smartphone 
or tablet.   
 
Apply for paddy dams (advanced model of paddy dams) 
 
The automatic irrigation system can also remotely control water storage in paddy dams. 
Before heavy rain, water in paddy fields is released through the automatic drainage outlet 
and then the water storage level and drain can be controlled in accordance with water level 
in a river.  
 
6.2.6 Underground irrigation system (high level)  
 
Concept  
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Japan has developed an underground irrigation system, the Farm-Oriented Enhancing Aquatic 
System (FOEAS). The FOEAS can supply and drain water, save on labour for water 
management, and prevent wet and drought damages by controlling underground water level 
in a paddy field (Figure 112). 
 
 The FOEAS is composed of vinyl chloride pipes and a low-pressure valve. The main pipes are 
buried below 60 cm from the surface and are installed every 10 metres pitch. Auxiliary pipes 
are installed every 1 m, which cross the main pipes at right angles, and are buried 40 cm below 
the surface. Water can be supplied to underground pipes from an open canal or pipeline. 
Water level controllers, which are located in the water supply side and drain side of the pipes, 
can maintain the water level in a paddy field– 30 cm to 20 cm from the surface (NARO, 2011). 
The FOEAS serves two functions – underground irrigation and drain. 
 

 
Figure 112. Mechanism of the FOEAS 

 
Source of photo: MAFF/Japan        
 
Water is supplied to a farmland through underground pipes once the groundwater level is 
lower than a setting level. A water level controller at the water supply side drops and 
automatically opens a valve to allow the water to flow into the pipes. In contrast, water is 
drained from farmland through the underground pipes once its groundwater level is higher 
than a setting level. Subsequently, the water level controller rises and closes a valve as well 
as draining surplus water (Figure 113). 
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Figure 113. Groundwater level control  

 
Source of photo: MAFF/Japan        
 
Benefits  
 
The benefits of FOEAS are: (i) yield increase; (ii) reduction in labour hours; (iii) water savings; 
(iv) surplus water drainage; and (v) enabled cultivation of upland crops in paddy fields. The 
benefits are detailed in Annex 8. 
 
Installation cost  
 
The installation cost of FOEAS ranges from JPY 180,000 to JPY 200,000 per 30a. The lifetimes 
of a vinyl chloride pipe, a concrete box, and other equipment are 8, 15, and 20 years, 
respectively.  
 
According to the National Federation of Agricultural Cooperative Associations, farmers can 
recover the depreciation of FOEAS by increasing the vegetable yield by 10%, or a 21% increase 
in rice yield in the case the depreciation of FOEAS is JPY 23,000 per 10a. The target yield 
increases per 10a to recover the depreciation of FOEAS in Japan are provided in Table 17 (JA 
Group, 2019).  
 

   Table 17. Target yield increase to recover the depreciation of FOEAS  
 

Crop Unit 
price 

(JPY/kg) 

Unit yield 
(kg/10a) 

Required unit yield 
increase to recover 

the depreciation 
(kg/10a) 

Target unit yield 
(kg/10a) 

Target ratio of 
yield increase 

 

A B c=a+b  d=c/a 
Rice 205 531 112 643 1.21 
Wheat 26 291 875 1,166 4.01 
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Soybean 145 140 159 299 2.13 
Potato 143 2,850 161 3.011 1.06 
Pumpkin 173 1,160 133 1,293 1.11 
Onion   88 4,820 260 5,080 1.05 
Carrot 142 3,180 162 3,342 1.05 
Cabbage 73 4,180 290 4,470 1.07 

     
In Japan, FOEAS has achieved the target unit yield of vegetable based on some research. 
However, when farmers grow rice, wheat, and soybean, they need to do crop rotation in a 
paddy field for avoiding replant failure. For example, farmers need to grow vegetables in the 
same paddy field after harvesting rice.   
 
Consideration: 
 
Condition of installation 
FOEAS is not suitable for installation in soil that has high water permeability under underdrain 
pipes because much of the water supplied by them penetrates blow the pipe. As a result, 
water supplied from FOEAS cannot reach the surface of a paddy field due to high water 
permeability. The best water permeability is 10 mm/day for FOEAS installation. In addition, 
soil of ridges that adjoin a canal or other fields should have low water permeability because 
water leaks through them. 
 
There should be groundwater at about 60 cm below from a paddy surface to install FOEAS.  
 
Furthermore, in Japan, since the initial cost of installing FOEAS is high, at about JPY200,000 
per 30a, governments need to consider installation in terms of economic benefits and 
irrigation efficiency.  
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6.3 Models for saving water and flood protection  
 

6.3.1 Advanced model for water saving in combination with system and field technologies  
 
Figure 114 shows the advanced model for saving water in combination with system level and 
field level technologies: 
 
(1) System level  

- Main canals are lined by concrete. 
- Secondary/tertial canals or pipelines  
- Each irrigation structure is monitored and controlled through the telemetry 

monitoring (TM) and telemetry control system (TC). 
- Scattered and small farmlands are combined into one by land consolidation. 

 
(2) Field level 

- Automatic irrigation is installed into all farmlands.  
-  

 
Figure 114. Advanced model for water saving  
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6.3.2 Comprehensive model for flood protection  
 
Figure 115 shows one of the models for flood protection. 

- Before heavy rain, the water level of dams, reservoirs, and ponds should be lowered 
to store the rainfall.   

- Before heavy rain, the water level of the paddy fields should be lowered to store the 
rainfall. 

- The drainage canal can temporarily store flood water by closing the drainage gates. 
- The drainage pump station drains flood water to the main river or sea.   

 
Figure 115. Model for flood protection  
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7. SUMMARY FOR THE GUIDANCE ON MITIGATION 
MEASURES   

 

7.1 Summary for the guidance  
 
Both techniques and technologies should be used to address the issues in the irrigation sector 
of the LMB. Table 18 categorizes the natural disasters and their impacts of irrigation 
development, the problems in irrigation project planning and management, and guidance, i.e. 
the necessary actions and useful techniques/technologies, showing the links between them. 
 
Table 19 classifies the applicable technologies according to the levels of technology and 
system/field. In addition, it also indicates the effects of each technology against the effects of 
natural disasters and impacts of irrigation development so that the countries in the LMB will 
be able to determine which technology can be utilized in combination with the useful 
techniques indicated in Section 5, according to their irrigation development and their budgets.  
 
 



129 
 

Table 18. Issues: natural disasters, impacts on irrigation development, problems of irrigation project planning and management, and Guidance  
 

Issue Guidance 
 

Natural 
disasters  

Impacts of 
irrigation 
development  

Problems of irrigation 
project planning and 

management   
Necessary actions Useful techniques Useful technologies 

Drought  
 
 

Water quantity 
reduction  
Water quality 
degradation  

Unplanned irrigation 
Deteriorated 
irrigation facilities 
Low quality 
construction 
 
 
 

 

Saving water  
Storage capacity 
increase  
Water reuse  
Quality construction  
Regular maintenance 
and rehabilitation  

Planning  
 -Unit water requirement  
 -Cropping schedule calendar 
-Seasonal irrigation planning  
Design  
 -Canal design  
Construction 
 -Comprehensive judgement 

system 
- Construction management  

Maintenance  
 -Prolonged lifetime of irrigation 

structures  
- Preventive maintenance  
 -Reinforcement of participatory 

irrigation management (PIM) 
Operation  
 -Canal operation 
 -Reinforcement of PIM  

System level  
-Canal lining  
-Water reuse  
-Reservoir improvement  
-Underground taming of 
floods for irrigation (UTFI) 
-Land consolidation  
-Pipeline  
-Remote monitoring and 
control system  
 
Field level  
-Alternate wetting and 
drying (AWD) irrigation 
-Drip irrigation  
- Automatic irrigation  
- Underground irrigation 
system  
 
 

Salinity intrusion  Water quantity 
reduction  
Water quality 
degradation  
 

Outdated irrigation 
facilities  
Low-quality 
construction  

Saving water 
Storage capacity 
increase  
Water reuse  
Quality construction 

Same as above  
  
 
 
 
 

Same as above  
Underdrainage  
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Regular maintenance 
and rehabilitation   

 
 

Issue Guidance 
 

Natural 
disasters  

Impacts of 
irrigation 
development  

Problems of irrigation 
project planning and 

management   
Necessary actions Useful techniques Useful technologies 

Flood   – Low quality 
construction  

– Outdated 
irrigation facilities  

– Low drainage 
capacity 

– Storage capacity 
increase  

– Quality construction 
– Regular 

maintenance and 
rehabilitation  

Design  
– Canal design 
– Construction  
– Comprehensive evaluation 

system 
– Construction management  

Maintenance  
 - Reinforcement of PIM  
 - Preventive maintenance  
- Prolonged lifetime of 
irrigation facilities  

Operation  
-Lowering water level in 
reservoirs and ponds  

System level  
-Canal lining 
- Reservoir improvement  
- UTFI  
- Land consolidation  
- Paddy dam  
Field level  
-Underdrainage 
-Paddy dam 
-Underground irrigation 
system  

 
• In order to avoid fish migration obstruction (i.e. no passage for fish), it is necessary to remove unused irrigation facilities and install fishways into 

irrigation structures. Refer to “Guideline to Prioritizing Fish Passage Barriers and Creating Fish-Friendly Irrigation Structures in the Lower Mekong 
Basin”. 
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Table 19. Applicable technology for the issues (natural disasters and impact of irrigation development) 
 

Level of 
technology 

(low to high) 

System or 
field level 

Technology Issues Cost Remarks 
 

Drought  
(water quantity 

reduction ) 

Salinity intrusion 
(water quality 
deterioration) 

Flood  

Impacts of irrigation development  
 

   

Low  System 
level 

Canal lining  Saving water  
Improve irrigation 
efficiency  
 

Saving water 
(reduce water 
intake)  
 

Improve durability 
against flood water 
 

Relatively low  Construction cost depends 
on lining materials 

Water reuse  Saving water 
Improve irrigation 
efficiency  
  

 Relatively low  Low initial cost 
Requires regular 
maintenance  
Utilized in some areas of 
Thailand and Viet Nam 

Reservoir 
improvement  

Saving water 
Improve irrigation 
efficiency  

Improve durability 
against flood water 
Increase the storage 
capacity of flood 
water  

Relatively low  Low initial cost 
Requires regular 
maintenance 

Field level  Alternate wet 
and dry irrigation  

Saving water 
Improve irrigation 
efficiency  

Saving water 
(reduce water 
intake) 

 Relatively low Requires equipment and 
regular operation Utilized in 
some areas of Thailand and 
Viet Nam  

Underdrainage   
 
 

Leach salt from 
soil  

Increase drainage 
capacity  

Relatively low  Requires equipment  

Paddy dam  Leach salt from 
soil 

Increase storage 
capacity of flood 
water  

Low  Requires cooperation from 
farmers  

Middle  
 

System 
level 

UTFI Saving water Saving water 
(reduces water 
intake)  

Increase the storage 
capacity of flood 
water  

Middle  Requires operation skills 
Utilized in some areas of 
Thailand  
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Land 
consolidation  

Saving water 
Improves 
irrigation 
efficiency  

Saving water 
(reduces water 
intake) 

Improve the 
durability against 
flood water  
Increase drainage 
capacity 

Relatively high  Requires land ownership 
rights, land registration and 
cooperation from 
proprietors and renters.  
Implemented in Thailand 

Field level Drip irrigation  Saving water 
Improves irrigation 
efficiency   

Saving water 
(reduces water 
intake) 
Leaches salt from 
soil   

 Middle  Applicable for upland crops  
Requires high maintenance 
skill, initial and 
maintenance costs. 
Utilized in some areas of 
Thailand and Viet Nam 

High  System 
level 

Pipeline  Saving water 
Improves irrigation 
efficiency  

Saving water 
(reduces water 
intake)  

 High Requires high operation 
skill 
Utilized in some areas of 
Thailand  

Remote 
monitoring and 
control  

Saving water 
Improves irrigation 
efficiency  

Saving water 
(reduces water 
intake)  

 Relatively high. 
(Only remote 
monitoring is low.) 

Requires high operation 
skill  
Utilized in some areas of 
Thailand and Viet Nam 

Field level  Automatic 
irrigation  

Saving water 
Improves irrigation 
efficiency  

Saving water 
(reduces water 
intake) 

 Middle  Applicable for paddy rice 
and upland crops  
Requires initial cost and 
maintenance skill.  

Underground 
irrigation  

Saving water 
Improves irrigation 
efficiency  

Saving water 
(reduces water 
intake)  

Increases drainage 
capacity  

Relatively high  High initial cost  
Requires regular 
maintenance 
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7.2 Recommendations for the techniques and technologies in the LMB  
Table 20 shows the recommended technologies and techniques to address the issues and challenges, which is listed by analysing the irrigation policy, 
challenges and irrigation development in each country.  

Table 20. Recommended techniques and technologies for each country  
 

Country Irrigation policy  Challenges Techniques Technologies 
System level Field level 

Cambodia  – Expand irrigation areas 
– Improve irrigation 

efficiency  
– Reduce natural disaster 

impacts 
– Repair the irrigation 

system 
– Construct water storage 

structures 
– Strengthen water user 

associations 

-Not respond to 
climate change due to 
the rain intensity 
change. 
-Water overuse in 
Tonle Sap’s tributaries 
due to rice cultivation 
-Water shortage due 
to the dry season 
extension 
- Salinity intrusion into 
farmlands 

Planning  
-Unit water requirements 
-Cropping calendar  
-Seasonal irrigation planning  
Design  
-Construction and expansion of 
tertiary canals  
-Convergence of irrigated areas  
Construction  
-Quality construction  
Operation  
-Tertiary canal operation  
-Lowering water level in reservoirs 
Maintenance  
- Life cycle cost 
- Preventive maintenance 
- Reinforcement of PIM 

-Canal lining  
-Reservoir improvement  
-Water reuse  
-UTFI 
-Land consolidation  
-Remote monitoring 
system  

-Underdrainage 
 -Paddy dam 



134 
 

Lao PDR – Rehabilitate the irrigation 
structures 

– Build the capacity of 
water user associations 

– Expand irrigation areas  
– Enhance resilience against 

flood and drought 

-Low capacity of water 
user associations  
-Outdated irrigation 
structures  
- High pumping cost  
- Water shortage in 
the dry season 

Planning  
-Unit water requirements 
-Cropping calendar  
-Seasonal irrigation planning  
Design  
-Construction and expansion of 
tertiary canals  
-Convergence of irrigated areas  
Construction  
-Quality construction  
Operation  
-Tertiary canal operation  
-Lowering the water level in 
reservoirs 
Maintenance  
- Life cycle cost 
- Preventive maintenance 
- Reinforcement of PIM 

-Canal lining  
-Reservoir improvement  
-Water reuse  
-UTFI 

-Underdrainage  
Paddy dam 

Thailand – Expand irrigation areas 
– Improve irrigation system 

and water allocation 
management  

– Introduce IoT into the 
irrigation sector  

– -Prevent and mitigate 
water hazards 

 
 
  

-High pumping cost  
-Water shortage in the 
dry season due to the 
rice cultivation 
expansion 
-Outdated irrigation 
structures  
 

Construction  
-Quality construction  
Maintenance  
- Life cycle cost 
- Preventive maintenance 
- Reinforcement of PIM 
 

-Reservoir improvement  
-Water reuse  
-UTFI  
-Land consolidation  
-Pipeline  
-Remote monitoring and 
control system  
 

-Alternate wetting 
and drying 
irrigation  
-Underdrainage  
Paddy dam  
-Automatic 
irrigation  
-Underground 
irrigation  

Advanced model for Saving water 
Comprehensive flood protection  
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Viet Nam  Mekong Delta  
-Control flood and stabilize dike 
and embankments  
-Protect flood discharge spaces  

 -Build and improve hydraulic work 
systems to control water supply  
-Apply and transfer technologies for 
storing and treating water during 
drought, water scarcity or saltwater 
intrusion 

 
High land area  
-Build, repair and upgrade 
irrigation dams and reservoirs 
-Improve the system of canals and 
ditches and reservoirs 
-Build pipelines for industrial crop 
areas 
-Repair and upgrade the scattered 
small reservoirs  

-Outdated irrigation 
structures 
-Low quality 
construction 
-Usage of irrigation 
canal for drainage 
(Irrigation and 
drainage canals are 
not separated.)  
-Lack of operation 
staff 

Design  
-Construction and expansion of 
tertiary canals  
-Convergence of irrigated areas  
Construction  
-Quality construction  
Operation  
-Lowering water level in reservoirs 
Maintenance  
- Life cycle cost 
- Preventive maintenance 
- Reinforcement of PIM 
 

-Canal lining  
-Reservoir improvement  
-Water reuse  
-UTFI  
-Land consolidation  
-Pipeline  
-Remote monitoring and 
control system  

-Alternate wetting 
and drying 
irrigation  
Underdrainage  
-Paddy dam  

Comprehensive flood protection  
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8. CONCLUSION  
 
The MRC expects that its Member Countries will utilize the Guidance for reference when they plan 
new irrigation projects and improve existing ones. The Guidance shows the techniques and 
technologies to address the issues in the irrigation sector of the LMB.  
The MRC recommends that its Member Countries select and utilize the techniques and technologies 
in accordance with their level of irrigation development and the challenges that they are currently 
facing.  
However, MRC Member Countries may need to test their selected methods and technologies before 
utilizing them nationwide. Therefore, the MRC needs to conduct pilot testing of the techniques and 
technologies in the selected sites with the Member Countries, examine the effects, and draft manuals 
on them so that each MRC Member Countries would be able to introduce them into their respective 
country.   
In addition, the Member Countries need to build the capacities farmers and local governments in 
utilizing the methods and technologies based on the drafted manuals in order to disseminate them 
nationwide. These manuals that should be continually updated based on findings and challenges 
identified during implementation for better practical use. 
The MRC will develop the activities for practical use of the Guidance under the MRC Strategic Plan 
2021–2025 in collaboration with the Ministry of Agriculture, Forestry and Fisheries of Japan. The MRC 
will draft manuals of a few techniques and technologies selected by the MCs and conduct pilot testing 
to examine them and build the MCs’ capacities. Furthermore, the MRC will draft a policy paper based 
on this Guidance, “Policy paper on measures in irrigated agriculture to adapt to climate change and 
improve food security”.  
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ANNEXES 
 

Annex 1: Major inspection points on material and construction 
 

General 
issues 

Inspection points 

Material 
quality  

The material quality used in the construction should be serviceable and 
commensurate with the deign documents and its intended service life.  

Inspection 
timing  
 

Inspectors should visit a construction site to examine its 
works at least at every key stage to avoid serious work 
failure: 
 The start of the facility demolition or excavation 
 The completion of the temporary works 
 The construction of a fishway foundation 
 The completion of any formwork before pouring 

concrete  
 Any design change if it occurs  
 The completion of major works such as pools, slopes, 

entrances, and exits 
 The completion of any works. 

 
 
 
 

Material Inspection points 
Soil Confirm if the quality and type of soil in a site is matched with those indicated in the 

specifications. 
 Ideally, construction should be conducted under dry conditions. 
 Backfill and banking should not include organic matter such as grass stumps and 

roots. 
 A banking slop should be highly compacted. 

Steel bar  Steel rebar: Steel rebars should meet the specifications for 
strength and be placed as indicated in design documents 
with no deviations from indicated sizes.  
 Steel rebars should be solidly fixed well so that they will 

not to slip off. 
 Do not stand on steel bars. Use scaffolding boards.  
→As the surface of a concrete is dries easily, concrete could 
shrink and develop crazing.  

Concrete   Concrete on site should meet the specifications for quality.  
 Construction joints should not be set in the weak spot of the structure.  

Figure 119. Inspection (Channel 
cross sections after excavation) 

                                                                      
       

Figure 118. Steel bar 
arrangement inspection        

Figure 120. Steel bars are 
not firmly fixed. 
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Annex 2: Summary of inspection  
 

Inspector  Roles  - Examine the structural work by measuring and using 
photographs 

- Ensure compliance with the contract and design documents  
- Verify the work log of the contractor                           
- Address problems on site and examine field changes 

Responsibilities  - Understand a project site, design documents, contracts, 
materials and construction methods 

- Complete the construction skilfully  and within schedule 
- Examine and check the structural work                        
- Ensure compliance with drawings and specifications 
- Keep a work log of activities and photographs                            

Required 
actions 

- Record lessons learned by inspectors and shared with others     
- Develop a good working relationship with the contractor and 

design team 
Major 
material 
and 
construction 
check points  

General issue  - The quality of the material used in the construction should be 
serviceable and in line with the deign documents, specifications 
and its intended service life.  

Soil - Confirm whether or not the quality and type of soil in a site is 
matched with those indicated in the specifications. 

- Ideally, conduct the construction under dry conditions.  
- Backfill and banking should not include organic matters such as 

grass stumps and roots. 
- A banking slop should be hardly compacted. 

Steel bar - Steel bars must meet the specifications for strength, be placed 
as indicated in design documents with no deviations from 
specified sizes 

- Steel rebars should be fixed well not to slip off.        
- Do not stand on steel bars. Use scaffolding boards.  

Concrete  - Concrete on site must meet the specifications for quality.  -
Construction joints should be set in the weak place of the 
sharing force.  

- Ensure the concrete curing after it is placed.  
- Since the surface of a concrete can easily dry, concrete could 

shrink and develop crazing.  
Timing of 
inspection  

Inspectors should visit the construction site at each of the following key stages of the 
project in order to prevent serious work failures: 
1. The start of demolition for a facility or excavation            
2. The completion of the temporary works                                 
3. The establishment of a fishway foundation                           
4. Completion of any formwork prior to pouring concrete in it  
 5. Any design change if it occurs                             
 6. The completion of major works such as pools, slopes, entrances and exits. 
7. The completion of any works. 
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Annex 3: Social discount rate simulation  
 
The JIID sets the social discount rate at 2.6%, which was the same rate as the interest rate of the Thai 
national bond. As a result of the calculation, an earth canal has the highest life-cycle cost among the 
three types because it has a higher running cost. In contrast, a concrete canal has the lowest life-cycle 
cost because it has the lowest maintenance cost (JIID, 2018).  

              
Figure 121. Life-cycle costs of an earth canal, masonry canal and concrete canal 
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Annex 4: PIM Analysis Chart: The Water Management Organization Evaluation 
Diagnosis Sheet  
 

A: Achieved, B: Partially achieved, C: Not achieved, N: Not applicable 
No. Indicator Description Degree of 

Achievement 
A B C N 

1 Representatives of 
a water users 
organisation 

Representatives of a water users organisation are 
elected from local residents (beneficiary farmers) 
without any interference from the national or local 
government. 

    

2 Persons to whom 
representatives 
and officials of a 
water users 
organisation have 
responsibilities 

1) Representatives and officials of a water users 
organisation are working for beneficiary farmers, not 
for the national or local government. 

    

2) They are working for the benefit of all beneficiaries, 
not for some of the beneficiaries. 

    

3 Water distribution 
according to the 
amount of levy 

1) Water is equally distributed according to the 
amount of levy on each farmer. 

    

2) There is no one obtaining water without paying a 
levy (free rider). 

    

3) There is no one who cannot obtain water 
irrespective of the payment of the levy. 

    

4 Fair distribution of 
irrigation water to 
the upstream and 
downstream 

Measures are in place to distribute irrigation water 
fairly to the upstream and downstream. 

    

5 Capacity to 
manage irrigation 
water 

1) A water users organisation has the capacity to 
distribute the necessary amount of water to 
beneficiaries when required. 

    

2) For doing so, necessary repairs and improvements 
of facilities are made appropriately. 

    

6 Support from 
beneficiary farmers 

Beneficiary farmers are supporting/trusting a water 
users organisation and cooperate with the 
organisation. 

    

7 Clarification of 
beneficiary areas 
and of the scope of 
beneficiaries 

1) Areas of beneficiaries and the scope of beneficiaries 
are clearly specified. 

    

2) All beneficiaries are members of a water users 
organisation. 

    

8 Participation in 
determining and 
amending 
operational rules 

The majority of beneficiary farmers are participating in 
determining and amending operational rules of a 
water users organisation. 

    

9 Beneficiaries’ 
understanding of 
activity status 

1) Beneficiaries are proactively seeking to ascertain 
the activities and financial status of a water users 
organisation. 

    

2) Information on the activities and financial status of 
a water users organisation is provided to beneficiaries. 
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10 Graduated 
sanctions against 
violators 

Beneficiaries who do not comply with the rules are 
punished in phases. (Example: Warning for the first 
time, and fine for the second time) 

    

11 Ability to resolve 
conflicts 

Internal problems and conflicts within a water users 
organisation can be promptly resolved. 

    

12 Guarantee of the 
right to establish 
an organisation 

Beneficiaries have the right to establish a water users 
organisation without government intervention and to 
be able to do so voluntarily. 

    

13 Multi-tiered 
organisation 

1) Sub-organisations, such as irrigation districts under 
a water users organisation, exist and function. 

    

2) An umbrella organisation, such as a federation to 
manage water users organisations, exists and 
functions 

    

 
 
The above able shows the 13 indicators developed by the JIID to assess whether PIM works effectively 
or not (JIID, 2019). These indicators were invented by Kakuta (2011), based on the theories proposed 
by Ostrom (1990) and Freeman (1989). 
 
According to Ostrom (1990), some common features may be observed in institutions for collective 
action, that the local populations have been managing for a long time. These features are indicated as 
Indicator 3 and 7 to 13 in the Table. However, the institutions that do not have these features cannot 
exclude free riders who break institutions’ rules and obligations, and unfairly supply water to their 
own paddy fields. As a result, these institutions and their common are led to decline and breakdown. 
 
According to Freeman, there are six factors that enable WUAs to function well in irrigation 
management: these factors are indicators 1 to 6. Indicators 3 and 4, which evaluate the degree of a 
fair water share, are the key factors for the institutional success of WUAs. Equitable sharing with the 
institution members is an essential for maintaining the sustainability of WUAs in the long term. This 
can be achieved by creating a system that allocates more water and gives voice to its active members, 
who accept the workload of WUAs. Therefore, a member who uses more water has greater 
responsibilities, e.g. water charges, labour provision, while other members who use less water, have 
less responsibility and a weaker voice. 
 
In addition, there is no inequity of water intake between upstream and downstream, and members 
who have the same size paddy fields can receive the same amount of water. This equitable system 
enables WUAs to manage their irrigation system in the long term. Furthermore, free riders can be 
immediately detected and the WUAs can penalize them. 
 
However, if members cannot obtain enough water despite paying WUA water charges, or free riders 
use water without paying it, the members feel a strong sense of unfairness. As a result, in these WUAs, 
other members easily become free riders and break the smooth function of the WUA system.  
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Annex 5: Low-technology wastewater treatment  
 
 Lagoons  
 
Lagoons store wastewater for weeks and purify it though sedimentation and bio-oxidation. 
Wastewater treatment lagoons are constructed by modifying ponds or swamps that exist in nature. 
Lagoons are not costly to construct but require a large area.  
 
Lagoons are mainly classified into two types: aerobic lagoons and anaerobic lagoons. Aerobic lagoons 
store wastewater in a big pond and purify it by using microorganisms and algae (Figures 122 and 123).  
 
 

 
Since aerobic lagoons need a large area to treat wastewater,  it is not suitable to do so when there is 
a high concentration of contaminants. Since these lagoons’ aerobic microorganisms and algae 
photosynthesize, they need a large area, according to the amounts of contaminants in wastewater. In 
order to reduce space, an aeration system can be installed in an aerobic lagoon. However, aeration 
increases the treatment cost because it uses a great deal of electricity.  
  

In contrast, anaerobic lagoons purify wastewater through anaerobic biodegradation and 
sedimentation in a large storage tank. Livestock manure can be treated when it is stored more than a 
year in the lagoon. However, sludge accumulated in the lagoon though a sedimentation process 
should be regularly removed so that the lagoon can properly function.    
                                                                 
 Constructed wetlands  
 
Constructed wetlands are composed of plants, water, soil, and micro-organisms, and purify water 
through them. For example, plants intake harmful substances and water dilutes them; soil conducts 
ion-exchange adsorption; and micro-organisms promote oxidation and reduce harmful substances. 
Wetlands need to modify topography around the sites. However, they are less costly than high-
technology wastewater treatment systems because they purify wastewater through the bio-nature 
system. In addition, constructed wetlands do not need electricity to purify water.  

 Figure 122. Lagoon with aeration (Thailand)         Figure 123. Lagoon (Viet Nam)      
 Source of photos: Ministry of Natural Resources and Environment (Figure 122) and JARS (Figure 123)  
 



149 
 

There are mainly two types of constructed wetlands: one is a free surface water wetland; the other 
is a horizontal sub-surface flow wetland. In the free surface water wetland, wastewater flows on the 
wetland surface. Since the soil under the water is anaerobic, it promotes denitrification (Figures 123 
and 124). To maintain its treatment function, plants that thickly grow should be regularly removed.  

Figure 123. Free surface water wetland                             Figure 124. Free surface water flow wetland 
 
Source of photo: JARUS 
 
In a horizontal subsurface flow type, wastewater penetrates soil and horizontally flows in soil to an 
outlet of a wetland (Figures 125 and 126). Soil in the wetland is both aerobic and anaerobic, and these 
aero and anaerobic soils are arranged in a mosaic pattern, which will promote nitrification and 
denitrification of wastewater in the wetland.  
 

 
Figure 125. Horizontal subsurface flow wetland                    Figure 126. Horizontal sub-surface flow 

wetland        
 

Source: JARS (2010) 
 
Both types of wetlands reduce the ability to treat wastewater when they receive a large amount of 
wastewater beyond their treatment capacity. The amount of wastewater should be less than that of 
the wetlands’ designed inflow. In addition, wastewater shielding should be installed to prevent it from 
penetrating aquifer.  
 
 Aquatic plants 

 
Aquatic plants are one of natural materials for wastewater treatment because they absorb nitrogen, 
phosphorus, and nutrient salt. For example, microorganisms decompose Org-N, NH4-N and Org-P 
transform them into inorganic salts, i.e. NO2-N, NO3-N or PO4-P. Since aquatic plants absorb the 
inorganic salts, nitrogen and phosphorus are consequently removed from wastewater. In addition, 
roots of aquatic plants adsorb suspended solids in wastewater. Furthermore, aquatic plants increase 
microorganisms, which decompose organic matter. Aquatic plants are planted in a shallow pond in 
front of a pond or a lake. It needs to be regularly reaped after they reach a thick grow in order to 
maintain the absorption capacity. Water spinach can be used as an aquatic (Figure 127).  



150 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 A combination of natural treatment systems 
 
A combination natural treatment systems can be utilized in developing countries to increase  
treatment capability, such as the wastewater treatment system in Egypt (Figures 128, 129 and 130).  
 
A small-scale, distributed sewage system in Hala village is composed of a sedimentation pond, a gravel 
layer, a constructed wetland, and lagoons. The target population is around 1,000 people; the planned 
amount of wastewater treatment is 1,500 m3/month (or 50 m3/day) (JARUS, 2011).  

 
 Figure 128. Inflow entrance               Figure 129. Constructed wetland    Figure 130. Lagoon for     

         sterilization  
Source: JARS (2011) 
  
 

  

Figure 127. A shallow pond with water spinach 
Source: JARUS (2011) 
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Annex 6: Methods of underdrain installation  
 
The main underdrain should be filled with filtering material such as chaffs, straw or wood chips for 
water flow toward to it.  
 
Normally, the sub-underdrain is installed as an auxiliary drainage when the main underdrain cannot 
sufficiently drain excessive water. However, only the underdrain can be installed into farmlands. The 
underdrain is composed of a mole drain, crushed subsoil, a simple drain with filters, and a cut drain.  
  
The mole drain is a long hole underground that is produced by a subsoiling tractor. Drilling equipment 
is attached to a tractor (Figure 131).  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 131. Mole drain 
 
A subsoiling tractor crushes the hard subsoil and opens and cracks the soil with chisels or cutters 
attached (Figures 132 and 133).  
 
 
 
 
 
 
 
 
 
 
 
 

 
A simple drain is filled with filter materials, which can prevent it from collapsing. A backhoe digs the 
field (Figure 134). Filter materials make the underdrain keep its form for a long period (Figure 135).  

 Figure 132. Chisels for subsoiling (MAFF/Japan)       Figure 133. Structure of subsoiling  
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 Figure 134. A backhoe cutting soil   Figure 135. Cross-section of a simple drain 
 
Source: MAFF/Japan            
 
A cut drain is constructed to prolong the drainage function because the mole drain and the subsoiling 
drain easily collapse and can become clogged. A drainage cavity of a cut drain is located at 40 cm to 
70 cm below the surface.  
 
A drain-cutting unit is attached to a tractor and is used to cut a drainage cavity under the ground 
(Figure 136).  

 
                    Figure 136. A drain-cutting unit (left) and a tractor with the drain cutting unit (right)  
 
Source: NARO            
 
Since drain-drilling creates a cavity by moving soil sideways and lifting it up, the soil above the cut 
drain cavity is not disturbed and remains solid and durable (Figure 137). 

 
 
 
 
 
 
 
  
 
 
 

Figure 137. Construction method of cut drain (NARO) 
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Cut-drain connects s drainage canal next to a farmland and drain excessive water to there (Figure 138) 
  
 
 
 

 
Figure 138. Connection to a drainage channel 

 
Source: NARO 
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Annex 7: Impacts of the drip irrigation for rice farming  
 
 High initial investment cost 

 
Drip irrigation systems have been already utilized in the Lower Mekong countries for high value 
economic crops, for example, para rubber, orange, vineyard, vegetables, tomato, and melon. Some 
are installed in greenhouses or for drip hydroponic system. The major investors and customers are big 
farming or agro-industrial companies. All the materials required to set up the drip irrigation system 
include tubes, filters, lines, and timers. According to a research study on drip irrigation for rice in India, 
the total cost of drip irrigation is INR 125,000 (around USD 3,000) per ha (Basal et al., 2018). 

  
Figure 140. Drip irrigation system 1                     Figure 

141. Drip irrigation system 2 
 
Source of photo: NETAFIM   Source of photo: NETAFIM 
 
 Maintenance cost  

 
Drip irrigation requires more maintenance than flooded rice farming because it needs to install a 
machine and equipment, e.g. a pump, tubes, pipes, and valves. In addition, the drip irrigation system 
needs to be regularly maintained by cleaning tubes and pipes, or replacing the oil of a pump, etc.    
 
Furthermore, some materials and equipment for replacement and renewal should be imported from 
other countries, for example, Israel or China, because they are not produced in the Lower Mekong 
countries.  
 
 Impact on ecosystem in a paddy field 

 
Flooded irrigation sustains living things, for example, fish, frog, insects, and birds, by storing water in 
a paddy field and creating a kind of a wetland (Figure 142). However, since drip irrigation does not 
pond water in a paddy field, it would eliminate the habitats of living things (Figure 143. As a result, the 
ecosystem created by the paddy field would disappear. This could also affect local people who catch 
fish, frogs, and insects in a paddy field.  
 

 
 
 
 
 
 
 
 

     
Figure 142. Paddy field under flooded irrigation       Figure 143. Paddy field under drip irrigation  
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  Impact on groundwater supply  

 
It is widely recognized that one of the paddy field’s many functions is recharging groundwater when 
flooded. However, since drip irrigation reduces groundwater supply from a paddy field, it changes 
water levels and flows of aquifers under paddy fields. 
 
 Increase in workload for weed control  

 
Drip irrigation may need more herbicides than flooded irrigation. The major constraint to obtain 
higher yield in aerobic rice is weed infestation, which causes around 80–100% loss in grain yield 
(Mishra et al., 2007). Flooded irrigation can suppress the propagation of weed because paddy fields 
impound water. However, weeds need be removed manually or by herbicides in rice fields where 
water is supplied by drip irrigation.  
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Annex 8: Benefits of the Farm-Oriented Enhancing Aquatic System  

 
 Yield increase  
 
The Farm-Oriented Enhancing Aquatic System (FOEAS) has increased around 12% of rice yields 
(502 kg/10a) compared to surface water supply (451 kg/10a) in Japan. In addition, it has increased 
around 42% of wheat yields (348kg/10a to 435 kg/10a) and 40% of soybean yields (282 kg/10a to 348 
kg/10a) (JA, 2019), as shown in Table 19. 
 

Table 19: Yield under the Farm-Oriented Enhancing Aquatic System and surface irrigation 
 

Crops  Yield (kg) per 10a 

FOEAS (a) Surface irrigation (b) Ratio (a/b) 
Rice 502 451 1.12 
Wheat  435 346 1.42 
Soybean  349 282 1.40 

 
  Labour hour reduction 
 
FOEAS has decreased labour hours of water management to one-tenth, i.e. from 31 to 3 hours (Figure 
144) (MAFF/Japan). FOEAS mainly saves water management labour by using its automatic water 
supply and drain system. Once farmers set the groundwater level in the paddy fields, water is 
automatically supplied and drained though underdrain pipes.  

 
Figure 144. Labour hours of surface irrigation and the farm-oriented enhancing aquatic system for 

rice cultivation 
 
In addition, when farmers install an automatic water tap with FOEAS in their paddy fields, they can 
control the water supply with a smartphone or computer, and send their commands to a water level 
controller through 3G or 4G networks. They do not need to manually open and close a valve on site.   
 
 Saving water 
 

(Hour) 
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According to a research conducted in Japan, FOEAS could save 40% of water use compared to surface 
irrigation because it controls water supply and drain in a paddy field without ineffective flow 
(Wakasugi et al., 2009). FOEAS can reduce dead outflow of a paddy field by supplying the necessary 
amount of water from underground pipes (Figure 145).  
 
The amount of the net water requirement in a paddy field that uses FOEAS was 460 mm during the 
entire irrigation period for four months, for the surface irrigation is 766 mm. The amount of drainage 
from a paddy field under FOEAS was 172 mm, against 549 mm with surface irrigation. Much of the 
water supplied by surface irrigation is drained from a surface drainage. In contrast, much of the water 
supplied by FOEAS remains in paddy fields. FOEAS supplies water more adequately to a paddy field 
than does surface irrigation. 
  

 
Figure 145. Amount of water supply and drainage in two paddy fields (Wakasugi et al., 2009)  
 

 Surplus water drain  
 
FOEAS automatically drains surplus water in a paddy field to a drainage canal. When groundwater 
level in a paddy field is higher than the settling level, the float of a water level controller rises and 
closes a valve to stop the water supply, and then the surplus water is drained into a drainage canal 
from underground pipes. FOEAS promotes percolation and underdrainage in a paddy field. 
Underground water is always maintained at the same level to maintain adequate soil moisture for rice 
cultivation. In addition, FOEAS reduces flood damages to rice cultivation because it drains water from 
both of surface drain and underdrain.  
 
 Upland crop cultivation in a paddy field  

 
Since FOEAS controls underground water level in a paddy field, it enables farmers to as grow wheat, 
soybeans, and other cash crops, which are vulnerable to high groundwater level in the same field.  
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