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1. Introduction
Irrigation is the largest water user in the Lower Mekong Basin (LMB) but it only uses 12% of the average
annual flow. All the countries of the Basin have policies and plans to expand irrigation areas to increase
rice production and exports, diversify food production, respond to food security needs or address rural
poverty. Various scenarios of current and planned developments suggest that future flows in the
mainstream will accommodate the expansions of irrigation areas planned by all countries. But one study
(Kirby et al. 2009) suggests that water deficits may emerge in certain sub‐basins and tributaries.
Irrigation can be expected to reduce the risk of crop damage from water shortages in the wet season
and expand cropping area in the dry season. But conditions are changing. Climate change will increase
the intensity and duration of droughts as well as the frequency of extreme floods. In general, this has an
effect of exacerbating saline intrusion in the Delta1and storm surges, thereby threatening crop yields,
damaging infrastructure, increasing crop demand for water and raising irrigation pumping costs. This will
put a premium on efficient water management.
Since climate change is altering the pattern of water availability and sea levels, farmers in some areas
are diversifying with aquaculture and non‐rice crop cultivation as part of the adaptation process to the
natural as well as technical and economic environments.
Irrigation has played a major role in increasing rice yields and consequently also in food security in large
areas of the Basin. There is no doubt that irrigation has contributed to the impressive LMB record in
increased rice production and export. It must have contributed to reducing the incidence of poverty, but
between 13 and 28% of households in LMB countries still live on less than US$1.15/day and extreme
poverty still occurs in some areas where food security is fragile. Irrigated rice production generates
higher returns than rain fed rice, but some systems are more accessible to wealthier households than
poorer households.
Irrigated paddy fields generate positive and negative environmental externalities including non‐
commodity benefits such as flood protection, groundwater recharge, aquatic ecosystem nurturing and
restoration, and soil productivity improvement and conservation but they can also produce negative
externalities such as soil erosion, nutrient runoff and leaching.
Irrigation has increased yields and marketable surpluses and staple food security is no longer considered
a national problem in the LMB countries. However, rice deficit areas still exist in certain areas and in
others the margin of security is very modest. Also, with increasing irrigation and intensive crop
production, the important rice‐fish relationship for nutritional food security and livelihoods is at risk.
Scenario assessments have suggested that planned irrigation expansions can be achieved without
negatively affecting water quality significantly. However, various recent studies have cautioned that the
often‐associated increased use of fertilisers and chemicals threatens the common property of fisheries
and other aquatic resources, endangering the income and food supply of poorer households (Lorenzen
et al. 2007) .
1

In this document, the term “Delta” is used for the Mekong Delta or Cuu Long Delta in the territory of Viet Nam.
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Canal systems properly located, designed, maintained and correctly used can effectively enhance
farmer’s access to water during different seasons, and in many cases allow more than one crop to be
grown during the year and improve yields. About 20% of the arable land in the Basin is under irrigation
but inappropriate location, poor design, limited attention to maintenance and inefficient operation has
reduced efficiency and effectiveness of irrigation services and created the need for extensive
rehabilitation investments.
Irrigation expansions are planned throughout the Basin, but some plans in southern Cambodia and in
the mountainous regions of Lao PDR and Viet Nam appear to be in areas with relatively high mainstream
and flash flood risk, which may expose crops and infrastructure to potential damage.
It has been suggested that most of the better sites for irrigation investments in the LMB have been
developed and relatively marginal sites remain. Recent increases in the price of rice stimulated
government and donor interest in irrigation expansion; however, prices have since declined and are
forecast to remain at lower levels during the next decade, putting pressure on the potential viability of
irrigation investments in marginal areas.
Planned dry season irrigation expansion will increase person‐months of on‐farm employment for
unskilled workers, but it will also increase rural off‐farm employment, which will strengthen rural
economies and may help to reduce young people’s migration to urban centres.
This document will provide data and information to assess the pros and cons of future irrigation
development potential, their social, economic and environmental implications, and the implications for
water balance, increased food production, food security, poverty alleviation, environmental
considerations and climate change. It was prepared through an extensive review of the Mekong River
Commission (MRC), Member Country and international literature, reports, data and spatial information;
and drew upon the most recently available irrigation data base of the MRC.

2. Development Trends in the LMB
The population of the Lower Mekong Basin is expected to increase from the current 60 million to more
than 90 million (UN 2006) by 2050. Current urban centres, other than Vientiane and Phnom Penh, are
relatively small but, during the same period, the proportion of urban dwellers is projected to increase
from 15 to nearly 40 million. The population of Lao PDR and Cambodia is very young and better
educated than their parents, and are expected to lead the urbanisation trend.
GDP is projected to grow at a long term rate of about 4.5% annually, and food production in the LMB
will need to increase by an estimated 25% during the next 20 years to keep pace with the expected
demographic, income and dietary changes (Islam 2008). The dietary changes accompanying urbanisation
and income growth in Asia tend to favour increased meat, dairy, fruit, and vegetable consumption and
move away from traditional rice (FAO 2004), suggesting a growing need for increased irrigated crop
diversification in the LMB.
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With economic growth and development in the industrial and service sectors, agriculture has declined
as a proportion of GDP but it remains an important contributor to the value of economic output and is
the single most important economic activity for the LMB population providing employment, food
security and livelihood for nearly 60% of the labour force (See Figure 1).
Figure 1: Agricultural Contribution to Economic Activity in four countries of the LMB

Source: World Bank 2012 (data from 2008)
Although economic development has been characterised by a decline in the relative importance of
agricultural production, in some areas the sector has become more complex through the increased
service requirements for irrigated and intensified crop production, resulting in more diversified input
and output value chains that expand the rural service employment and income base. Although the
proportion of the population economically active in agriculture has declined only moderately in Lao PDR,
Cambodia and Viet Nam since 1990, the decline has been more significant in Thailand where
development of agricultural production and the rural service sector has been more intensive and is
resulting in labour shortages for the agricultural sector.
This trend is expected to accelerate in Lao PDR and Cambodia as their rural and urban economies
become more diversified and off‐farm employment expands. In Lao PDR, Vientiane and other areas,
urban expansion is attracting increasing numbers of farmers and farm youths into paid labour,
prompting Lao farmers to perceive that labour shortage is one of the most important constraints to
agricultural expansion (MRC 2010d).
Productivity in agriculture, in terms of GDP per worker is relatively low, particularly in Viet Nam ($379),
Lao PDR ($426) and Cambodia ($458). In more mechanised and diversified northeast Thailand, worker
productivity is considerably higher ($969) (World Bank 2012; MRC 2010c).
Viet Nam and Thailand are the world’s largest rice exporters, although both Lao PDR and Cambodia have
recently begun to produce national surpluses and are exporting, mainly to China, Thailand and Viet Nam,
and organic rice is being exported into the EU. Future opportunities into world markets, however, are
not expected to grow as rapidly over the next few decades as they have during the recent past. The
World Bank estimates that overall demand for food will decrease despite expected income gains (World
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Bank 2012), and FAO estimates that cereal demand will grow at 1.5% to 2030, somewhat slower than
the previous two decades (FAOSTAT 2012).
Rice prices spiked at above US$570/tonne and averaged about US$550/tonne between 2009 and 2012,
bringing a surge of farmer interest in expanding production, but have begun to decline and, along with
other major staple crops, are expected to continue to decline in the near term as production on a global
scale responds to the recent high prices. Nonetheless, after these initial declines, long‐term growth in
global demand for food, a depreciating US dollar, and continued bio fuel demand are expected to hold
prices of many crops above pre‐2007 levels (USDA 2013, World Bank 2012).Figure 2 shows that milled
rice prices (Thailand 5%) are projected to remain in the low US$400 range over the next decade (USDA
2013).
Figure 2: World Milled Rice Price Projections to 2022 (US$/tonne)

Source: USDA Economic Research Service, 2013
Current Basin rice production stands at about 53 million tonnes (World Bank 2012), most of which is
produced in the Delta and the Mun‐Chi Basin of northeast Thailand; Savannakhet, in Lao PDR; and
western and south‐eastern Cambodia (see Figure 3).
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Figure 3: Total Rice Production by Province

9

Average rice yields in the predominantly rain fed crop growing systems of the LMB are relatively low
compared to other Southeast Asian countries (FAOSTAT 2012), though yields have been growing at
around 3% annually during the past two decades in Cambodia, Lao PDR and Thailand.
Pure rain fed rice crop yields in these countries are currently around 2.3 tonnes/ha during the wet
season, increasing to about 2.8 tonnes/ha with supplementary irrigation and to between 3.1 and 3.9
tonnes/ha during the irrigated dry season. In the Delta, however, wet and dry season irrigated rice yields
are 35% higher, and a third season crop is obtaining about 7.0 tonnes/ha (MRC 2010c).
Figure 4: Actual (1990‐2012) and Projected Average Rice Yields in the LMB

Source: FAOSTAT 2012; Shivakoti et al. 2014
Generally, the areas of the LMB with the highest productivity are those with the highest rainfall or
irrigation water use (MRC 2010d). Along with higher yielding varieties and improved water agronomic
practices, better water management is fundamental to increasing yields (Young 2009). As farmers
increase their knowledge, experience and confidence in working with more intensive farming systems,
prospects for further increases in yield will continue to improve. The past trends of average rice yields
show rather steady growth, as shown in Figure 4 (Shivakoti et al. 2014). In Thailand, yields are expected
to increase by 25% to 2025 compared to 32% in Lao PDR and 35% in Cambodia if these trends continue.
In Viet Nam, already producing high yields, the trend projects growing by 19% (Shivakoti et al. 2014).
Although rice is the major crop in the Basin, a number of non‐rice crops are grown in the Basin. Despite
potentially as high returns and lower water requirements, farmers have been reluctant to diversify
beyond rice cultivation, in spite of considerable government encouragement in some regions. As the
staple food for the majority of the LMB population, inhabitants consume between 100 kg/cap/yr of
milled rice in Thailand and 162 kg/cap/yr in Lao PDR (MRC 2010d).With continuing urban population and
income growth, and improving market access, increasing local and world demand for non‐rice crops is
likely to stimulate increased diversification.
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3. Magnitude and Distribution of Irrigation
The vast majority of arable land in the Basin lies west of the Mekong mainstream. Rain fed and irrigated
rice is the major crop cultivated occupying about 10 million ha of the Basin’s cultivable land (MRC 2010c).
Figure 3 shows that most of the rice is cultivated around Chiang Rai in the north, northeast Thailand,
Vientiane and the Seven Plains of Lao PDR, the Tonle Sap flood plains, south‐eastern Cambodia and the
Delta. Non‐rice crops are grown in the same regions but also in the central highland of Viet Nam.
Table 1: Arable and irrigated rice areas
Cambodia

Lao PDR

Thailand

Viet Nam

LMB Total

Arable area(1)
Rice area(2)

3468
1647

1402
631

12576
4647

2281
2606

19,726
9,531

Irrigated rice(3)

505

172

1425

1921

4,023

Unit: 1000ha, Source: (1)MRC 2003,(2)MRC 2010c, (3)Young 2009
Irrigation is used in many different agro‐environments. Rain fed rice cropping occupies the largest
cultivated area in the LMB, and about 40% of the paddy area is irrigated. Part of this area enables
cultivation during the dry season and, sometimes a 3rd season. Figure 6 shows the spatial distribution of
agricultural land and percentage of irrigated area based on MRC’s database. The Figure indicates that
wet season rice is irrigated to varying degrees ranging from less than 5% throughout most of the Basin
to greater than 50% in the Delta. The limited dry season irrigation is also concentrated in the Delta.
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Figure 5: Total Cultivable Land and Land Used for Paddy Cultivation in the LMB

Figure 6: Percentage of Cultivable Land that is Irrigated in the Wet Season
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Since 1990, irrigation areas in Lao PDR, Cambodia and Thailand have expanded at a rate of 4‐5%
annually. Expansion in the Delta has been around 1% annually and increases in crop production have
been higher. The total irrigation area and the areas used for wet, dry, and 3rd season rice and non‐rice
crops are shown in Figure 7.
Figure 7: Annual Irrigated Areas in the LMB (ha)

Source: MRC 2010b (Definite Future Scenario)

4. Irrigation Variety and Variation
For the staple paddy rice crop in the LMB, a variety of irrigation systems are employed and a number of
variations exist within the region.
Gravity irrigation with open channel networks is the typical irrigation system for most public schemes.
This is typical in many parts of the LMB especially in northeast Thailand. In the lowlands, straight and
artificial channels with lined trapezoidal cross‐section are common. Though the land appears flat, there
is, in fact, considerable undulation and water flows only toward lower places. Those channels are
meticulously laid out and constructed with precision so that the planned volume of discharge can be
distributed to every corner of the planned area. Because the land is quite flat the gradient of the canal
bed is as small as 1/4000 to 1/8000. To divide the exact discharge into sub systems on demand, modern
control structures, and/or skilled laborers, as well as organized operation protocols are required.
Discharge control in such low gradient open channels may cause dangerous backwater waves that are
difficult to control. Careless gate operations and resulting rapid water level change may destabilise canal
embankment. These large scale gravity canal systems in Thailand often draw water from a large scale
dam and reservoir or barrage type structure: large scale weirs with control gates. Due to the very small
gradient of the natural river bed, these barrages also effectively store a relatively large amount of water
forming a long lake along the river course. These irrigation schemes are highly sophisticated engineering
works but they change riverine aquatic ecosystems on a large scale, too.
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In Thailand, even more sophisticated
piped irrigation systems together with
small scale pump schemes are found
along such reservoirs or long lakes. The
former is used e.g. for compensation
schemes to farms relocated to upland.
The government supports farmers to
install the latter where a water body
has emerged but the distribution
network is not complete. They are
temporary irrigation schemes inside the
command area of large irrigation
system, which will need a long time to
complete. In addition, the combination
of farm pond with mobile pump is
widely used by smallholders in
northeast Thailand.
Though gravity canals are also common
in Lao PDR, their slope can be steeper
and the canal can be made of earth.
Generally, the size is also smaller. In
valley lands in Lao PDR, water is
diverted from the upper stream by fixed
weirs, sometimes made of stones or
wood in the case of those built by locals.
The canal is often found traversing
along steep mountain slopes. Its
embankment is prone to damage by
flash floods and the channel is quickly
blocked by sediment. Canal systems in
the low land of Lao PDR often pump
water up from nearby tributaries or
wetlands. The water level of these
sources changes significantly between
the wet and dry seasons, as back water
comes up from the Mekong
mainstream. Floating pump or
“pontoon” method is typically chosen
to cope with changes in the source
water level. Although large scale
irrigation barrages have not been built
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widely in the tributaries in Lao PDR, weirs are also
found in many places.
Figure 8: Irrigation Canal in Thailand

Figure 9: Floating Pump in Lo PDR

Formal irrigation systems in Cambodia are similar to
those in Thailand, and the size etc. can be in between
Thailand and the pump schemes of Lao PDR. Floating
pumps are also found in Cambodia, but only in the area
near reservoirs or wetlands. Most of the irrigation
systems in Cambodia draw water from tributary
systems via small barrage or fill dams: embankment
made of soil and rock. They are typically equipped with
either a set of mechanical auto radial gates or sluices.
The former is supposed to open to protect
embankments when the upper water level goes beyond

a set height. In many cases, however,
they were built during the colonial era
and have not been replaced or
maintained.
Besides these rather formal systems,
there are many variations of irrigation
or partial irrigation systems that have
been developed in specific natural
conditions. “Colmatage” is a channel
that draws river water during high
water seasons. They are either
equipped with sluice gates in the river
bank or connected to the river only
when needed by excavating the
embankment or natural levee. Water
flows into backland up to the point
where high river water reaches back.
They can be described as partial
irrigation or a variation of irrigation
because water supply cannot be
planned or necessarily managed to
meet crop water demand. Many such
channels are found along the Bassac
River. Another variation is “Tnup,”
which is a reservoir in the flood plain in
which flood water can be stocked by a
low bank to be available after recession.
In many cases, these shallow reservoirs
irrigate very limited areas in the dry
season. From the engineering
perspective, the earth embankment of
Tnup is a rather unstable structure
because both sides can be saturated.
Their evaporation loss is also high due
to the high surface/volume ratio. Small
reservoirs and water harvesting
schemes are also built in uplands with
government support.
In addition to these collective irrigation
schemes that mostly draw surface
water, groundwater is exploited by
individual farmers for paddy irrigation
in many parts of Cambodia though their
precise figures are not known. Private
water trades are made in the rain‐fed
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areas where small scale water bodies are kept by
individuals. Water sellers with a mobile pump are also
found in parts of Cambodia where water channels are
nearby. Famous Pol Pot Grid Canals, which were
dredged with no rational plan for water sources or
direction, are also used as the water source by these
water sellers.
Figure 10: Wooden Weir in Lao PDR

Figure 11: Colmatage in Cambodia

Irrigation systems in the Delta are also special. There
the tributaries of the Mekong River and a few more
rivers work as main channels from which water is drawn
into gravity irrigation canals or creek systems in the
backland through gate and pump operations. Unlike
Cambodia’s Colmatage, three levels of channel
networks cover systematically the whole back land,

though flood protection by dike is not
perfect. The canal bed is typically lower
than the farmland unlike ordinary
gravity systems. Farmers need to pump
up the canal water into their plots but
the excess water is supposed to drain
down by gravity into the main canal and
to the river and ocean via culverts.
There are more than 1000 medium to
large pump stations plus many smaller
pumps, which are owned and operated
typically by a group of farmers. Because
of flooding, drainage is a very important
role of canals. Dikes to protect land
against floods and salty water are an
integral part of the irrigation system.
Flushing acid‐sulfate soils and diluting
acid water is also an important role of
irrigation. Some areas in the Delta rely
on tidal irrigation, a technique to draw
only fresh water that stays above the
blackish water body when high tide lifts
the fresh water. Despite significant
efforts, such areas have no frequent
access to fresh water. Therefore,
diversification from rice to aquaculture
is being sought in coastal areas. The
irrigation system in the Delta is
complicated and fragile, and needs
sophisticated software and hardware to
maintain.
Irrigation systems in the Central
Highlands (Upper Se San and Srepok
Basins) of Viet Nam are typical
reservoir‐gravity canal systems. Active
development of both surface and
subsurface water resources is underway.
About 20 % of the irrigated areas are
for paddy rice but the rest is for other
annual and perennial crops. Here,
groundwater plays an important part.
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Pumped irrigation in the Highlands is primarily for rice
and coffee. Most coffee smallholders source irrigation
water from the Plateau’s unconfined aquifer using
private wells and pumps.
Figure 12: Tnup in Cambodia

Paddy irrigation schemes in the LMB are for both wet
season supplement and for the dry season, but the ratio
between the two varies depending on the abundance of
water. Irrigation systems in Thailand and Cambodia are
mostly for wet season supplement while those in Lao
PDR and the Delta cover dry season crops more
significantly. The irrigated area in the dry season is less
than 20% of the wet season in the former group, while
the significant area of the Delta offers two dry season
crops. Pumped irrigation in Lao PDR, which has the
wetter wet season, is also primarily for dry season rice
production.
Figure 13: Dike and Sluice Gate in the Delta

Irrigated vegetables, fruits, and other
cash crops are widely found together
with rice in the same irrigation schemes,
especially in northeast Thailand and
both the Delta and Central Highlands of
Viet Nam. Fish hatcheries and chicken
farms also receive water from collective
irrigation schemes paying agreed water
fees. In Thailand, collective irrigation
farms based on tube‐wells are
promoted by the government for non‐
rice cash crops. Tube wells, pumps,

elevated tanks, piped distribution networks and
sprinklers are typical. Private estates for various cash
crops in upland may have their irrigation systems based
on a dug well and other types of reservoirs. Many of the
new irrigation developments in the Central Highlands of
Viet Nam target vegetables and industrial crops. Non‐
rice crops are cultivated on over 40% of the irrigated
area in north and northeast Thailand, the Delta and
highlands of Viet Nam. Although irrigation is available in
southern and western Cambodia, cropping appears to
be exclusively rice.

Figure14: Production of Selected Non‐Rice Crops (000 tonnes)

Source: FAOSTAT, 2012(Data are for the whole country)

5. Roles in Water Balance
Irrigation is the largest water user in the Basin but it only uses 12% of the average annual flow. Various
scenarios of current and planned developments suggest that future flows will accommodate the
irrigation area expansions and water withdrawals planned by all countries. Namely, hydropower
development plans in the Basin will result in an increase in average mainstream dry season flows by 19%
and in March by 40% at Kratie, with water levels rising by about 0.8m. In contrast wet season flows will
be reduced by about 4% on average with peak daily flows declining by 7% (See Figure 15). The extent of
average annual flooding will be reduced by 16% in Lao PDR and Thailand, and will attenuate
downstream in Cambodia and the Delta (MRC 2010b).
The annual net water use for irrigation from mainstream and tributaries is about 42,000 million m3. As
revealed in Figure 16, Viet Nam consumes over half of the total volume (26,300 million m3) followed by
Thailand (9,500 mm3). Lao PDR and Cambodia use 3,000 mm3 and 2,700 mm3 respectively, around 1%
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of their annual renewable water resource (MRC 2010d and 2010a). Mekong water that reaches the
Delta during the dry season is effectively fully consumed for economic, environmental and social
purposes, in both consumptive and non‐consumptive modes that include the use to combat sea water
intrusion.
Figure 15: Simulation of average daily flow at Kratie

Source: MRC 2010b
Figure 17illustrates that Viet Nam dominates the use of Mekong flows particularly during the dry season.
Monthly requirements in Lao PDR and Cambodia never exceed 500 million m3 during the year. Thailand
is the second largest irrigation water user but its primary demands are for supplementary irrigation
water at the end of the wet season when Viet Nam’s requirements are at the lowest levels.
Figure 16: Estimated Annual Irrigation Water Use in the LMB by Country

Source: MRC 2010a
Irrigation projects that currently plan to draw water from the Mekong mainstream are not numerous
(Only four projects are identified in the MRC’s irrigation database). Because the Mekong flows through
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the lowest ground, diversion from the mainstream requires an extensive plan such as Khong‐Loei‐Chi‐
Mun water transfer project in Thailand, which faces considerable obstacles including financing,
environmental implication, socio‐economic considerations, uncertain irrigation demand, and labour
availability. While water will be available for such a big diversion, water imbalance may emerge within a
sub‐basin, in which more irrigation diversions are planned from tributaries. One study of current and
future water availability found that irrigation demands were occasionally unmet in four sub‐catchments
(Kirby et al. 2009). Water balance is required in both sub‐catchment and the whole basin for new
irrigation developments.
Figure 17: Monthly Net Water Use for Irrigation in LMB Countries (Million m3)

Source: MRC 2010a
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Figure 18: Khong‐Loei‐Chi‐MunWater Transfer Project

Source: Royal Irrigation Department 2012.
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Figure 19: Water Yield Minus Existing Irrigation Demand
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Extent of the impact of groundwater irrigation on the low water level is another uncertainty.
Groundwater use for irrigation was not extensive in the region, and the MRC’s basin development
scenarios did not incorporate it, although crop water consumption is calculated based on land use data.
Dry season irrigation based on individual tube wells are observed in several locations these days. It is
showing signs of overexploitation in the central highlands of Viet Nam and Cambodian lowland adjacent
to the Delta. The transboundary aquifer system of the Delta has some of the highest yields in the LMB
and is heavily used for domestic purposes, but the water level is reported to be trending downwards.
Aquifers in Prey Veng Province of Cambodia, which is clearly linked with Mekong River flow (Figure
20,21: Robert 1998), is known to be extensively tapped for irrigation. Takeo Province is also
experiencing significant drawdown of the groundwater levels. No other groundwater site has been
identified in Cambodia that would support large‐scale irrigation (Caruratna and Phu 1992), but the
situation of individual exploitation is not well known. Groundwater is an important water source for
domestic purposes also in Lao PDR and the Delta.
Besides individual groundwater exploitation, the Thai Government has started a scheme to develop
groundwater irrigation systems in select locations. The Lao PDR government also has a strong interest in
developing dry season horticulture with groundwater and is about to investigate its potential.
Figure 20: Groundwater Table in Prevent in the Wet Season

Source: Robert 1998
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Figure 21: Groundwater Table in Prey Veng in the Dry Season

Source: Robert 1998

6. Drought and Flood Mitigation
Irrigation can play an important role in reducing the risk of crop damage from floods and droughts. The
annual flood in the Mekong River has shaped the environment and ecology of the Basin, especially
across the Cambodian lowland and the Delta, along with the culture, welfare, economic and livelihood
activities of the riparian populations. Irrigation storage serves to assist in controlling flood waters and
reducing flood levels. In flood prone areas, rain fed rice will usually be planted in early wet season. Rice
can also be planted on the recession limb to be watered by the remaining soil moisture, locally trapped
or stored floodwaters.
As LMB agriculture is primarily rain fed, it is highly vulnerable to weather disasters. The Basin is subject
to three types of disasters: floods, drought and storms. In terms of frequency and number of people
affected, drought is most significant in Thailand, Cambodia and Viet Nam, and storms are paramount in
Lao PDR (Bouapao et al. 2013).
Floods can either be rainfall floods, dam water management related or maritime floods. Rainfall floods,
when the mainstream or tributaries overflow their banks, are usually caused by excessive rainfall,
typically during June to November. Flash floods, also caused by excessive rains, are sudden, unexpected
floods that occur within short hours from the onset of excessive rains and usually occur in the steep,
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narrow upper reach of tributaries. Dam related floods are caused by the operation or failure of dams
and dykes. Maritime floods are most commonly related to storm surges. Each year the nature, location
Figure 22: Existing Irrigation Schemes in the Flood Risk Areas
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and severity of flooding differs across the Basin. There are “good” floods and “bad” floods but no good
flash floods. The annual “good” floods from the mainstream and various tributaries are the life blood of
the lower Basin for fisheries, Other Aquatic Animals (OAAs) and rice production. A “bad” mainstream
flood is considered to be one that reduces rice production.
Mainstream flood risk, embracing frequency of events and the number of people affected, is very high in
Cambodia and Viet Nam, whereas Lao PDR has a high risk of tributary flooding and, in Thailand,
mainstream and tributary flooding carry about the same medium risk. High levels of flood damage in
Cambodia and Viet Nam are associated with extreme mainstream flooding across the Cambodian
lowlands and the Delta. Flood damage in Lao PDR is mainly associated with flash floods in the Northern
Highlands and the northern and southern regions of the eastern Highlands, although backwater and
combined flooding occurs in lower reaches of eastern Highland tributaries. In Thailand, flood damage is
associated with flash floods in Chiang Rai province, mainstream flooding along the Mekong, and
backwater flooding along the lower reaches of tributaries draining the Korat Basin (Figure 22: MRC
2012b).
The average area of crop damage due to flooding is estimated at 122,000ha in Cambodia (421,000ha in
the year 2000), 30,000ha in Lao PDR, 4000ha in Thailand and about 30,000ha in the Delta. The average
annual total flood cost in the LMB is estimated at about US$60‐70 million: US$18 million in Cambodia,
US$11 million in Lao PDR, US$7 million in Thailand and US$25 million in Viet Nam (MRC 2012b). The
direct cost to agriculture production of the bad floods of 2000, 2001 and 2002, however, reduced the
value of agricultural production in the Viet Nam by around US$200‐300 million (MRC 2012b). A
household survey throughout Cambodia found that 46% of farmers had experienced major damage to
their rice crop in the 2008/9 wet season with the worst losses in Prey Veng where 40% of households
experienced major rice crop damage and 6% suffered total loss (Turunen et al. 2011).
Figure 22 shows existing irrigation schemes throughout the LMB. It is evident that a significant number
of existing irrigation projects in Cambodia fall into the mainstream flood risk area, besides “creek”
irrigation schemes in Delta. There is also a concentration of projects in the Dac Lac / Dac Nong area of
the Viet Nam highlands and in northern Lao PDR in the high flash flood risk area. Though flood
protection and irrigation schemes were developed side by side in most lowlands in the world, it was
often a process to alter ecosystems once and for all. The Delta certainly moves in this direction, but
Cambodian irrigation schemes in the flood risk areas are not clearly taking this pathway without finding
an alternative direction.
The annual “good flood” sustains the fish catch and OAA collection for riparian populations, especially in
the Great Lake area and the 5.24Mha of wetlands, with their associated socio‐economic benefits;
providing water supply for dry season irrigation; and fertilising the floodplains with an annual deposit of
silt, etc. The average annual benefit of flooding in the LMB has been estimated at between US$8 and 10
billion, more than 100 times the average annual cost of flooding (MRC 2012b).
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Figure 23: Drought Risk Classification

Source: Thomas 2013
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Droughts can be meteorological, hydrological or agricultural. Meteorological drought occurs when
rainfall over a given period is significantly less than average. Meteorological droughts of even a few and
total rice weeks can stimulate hydrological droughts and together have a major effect on rice yields
production. The most meteorologically drought prone areas in the LMB are the Korat Plateau (see Figure
23) in northeast Thailand and the south‐eastern areas of Cambodia.
Drought is more likely to occur in the “late” monsoon season (MRC 2012b). While rainfall is more
variable in early season, farmers are accustomed to the irregularity and sow seeds again when rain
comes. Rice harvest depends on if sufficient moisture is available for the plant during its timing for
developing ears and blooming, which is mostly September in Lao PDR and more likely October in
Thailand and Cambodia, and October to early November in Delta. Figure 24 shows the water balance
throughout the Basin in October, indicating that the time rice requires stable water supply in Thailand is
in acute irrigation demand.
Definitive data on agricultural damage and cost due to drought is lacking. However, meteorological
drought will have a major impact on rain fed rice production, which accounts for more than 75% of rice
production in Lao PDR, Cambodia and Thailand. One study estimated the average annual drought loss of
rice production in northeast Thailand was 78,000 tonnes /year and valued at US$10 million (MRC 2012b).
The study further found that during drought years, farmers reduced their rice plantings by about 21%
compared to normal years and, combined with yield reductions of 45%, production was reduced by 56%
and average household income by 12% (MRC 2010d).The household survey in Cambodia found that
2008/9 drought impacts were most severe in Battambang, where 46% of farmers experienced significant
crop damage from drought and 11% lost their total crop (Turunen et al. 2011).
On average, annual rice production contributed slightly over 21% of household income. However, if the
distribution of household income is taken into account, a drought year results in the loss of 31% of
household income for the bottom quartile income group compared to only 7% for the top income
quartile, confirming that the poor are most disadvantaged by drought.
The provision of irrigation is the only structural measure available in the LMB to reduce drought risk.
Irrigation reduces the risk of crop loss from drought occurrences but it does not remove it. Irrigation can
reduce the risk of crop loss for the planned drought frequency and severity but droughts more severe
than the planned situation are not covered. Furthermore, in a severe drought year, water use for
irrigation was forbidden in northeast Thailand to ensure supplies for domestic use. Unless such an
institution for emergencies and scientific protocols to design water diversion are established,
development of one irrigation scheme would only aggravate drought conditions of other water users
downstream. Unfortunately, no country in the LMB has established effective institutions for basin
management in tributary levels and Cambodia and Lao PDR seriously lag behind in technical and
administrative capacity for integrated water resources management.
In terms of overall economic cost, floods and droughts are the primary disasters in Thailand and
Cambodia and have been estimated to cost about the same amount: about US$70 million per event in
Thailand and US$25 million in Cambodia; given the relatively high frequency of severe droughts in the
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LMB, it is expected that the average annual cost of drought can be as big as or even greater than that of
floods. In Lao PDR, the cost of storms is about US$75 million per event and in Viet Nam droughts cost
about US$130 million per event (MRC 2012b).
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Figure 24: Water Balance in October
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7. Economic Value and Trade
Recent agricultural development in the Basin has been shaped by market forces with a drive from
investors and the private sector towards modernisation and trade expansion, as well as the sector’s
continued importance for food security, income and employment generation. Livelihood strategies and
export earnings are the complementary ends of agricultural policy in the region (MRC 2010d). Economic
growth, food security and, to an extent, concerns about the implications of climate change have
reignited interest in larger interventions in irrigation for commercial production, as suggested by the
parliamentary approval of the proposed Water Grid in Thailand and large scale developments proposed
for Cambodia.
Viet Nam and Thailand continue to be the world’s largest exporters of rice. In 2011, Thailand exported
about 10.7 million tonnes with Viet Nam adding an additional 7.1 million. Expanded irrigation areas and
improved agronomics have enabled Cambodia to export about 174,000 tonnes in 2011,with a target of 1
million by 2015, while Lao PDR is reported to export 2200 tonnes in the same year with a target of
600,000 tonnes by 2015 (FAOSTAT 2012; World Bank 2012).
In addition to producing higher yields/ha, irrigated rice tends to provide higher returns to farmers than
rain fed rice through increased net income and returns to labour/ha, as well as enable subsistence
farmers to produce a greater saleable surplus. Net income earned in rain fed rice is relatively low,
reflecting the low input and low yield systems employed by subsistence farmers in the Basin, although
this seems to be changing in some areas.
An assessment of average net income and returns to labour generated in LMB rain fed and irrigated
cropping systems indicated that wet season cropping with supplementary irrigation increases the net
income/ha earned over purely rain fed production by about 100% in Lao PDR and Cambodia, and by as
much as 350% in northeast Thailand (MRC 2010c).Net income gains from irrigation are greater for wet
season rice crop than for the dry season crop, in which irrigation realises 65% of net income increases in
Lao PDR and 90% in Cambodia. Empirical evidence from around the developing world suggests that
US$1 increase in agricultural production income can generate an additional US$.30 to US$.80 income in
the rural non‐farm economy, depending on the extent of the inter‐industry linkages that are created:
more complex value chains will generate higher multiplier effects.
On the other hand, recent analysis of gross margin and net profit at a number of rain fed and irrigated
rice production sites in Cambodia, Lao PDR, northeast Thailand, the Delta and highlands of Viet Nam
revealed a high degree of variability (Shivakoti et al.2014). Though the average net profit of the irrigated
rice group well surpasses the rainfed group, some of rainfed rice growers make even higher net income
than irrigated rice growers.
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Figure 25: Financial Returns from Rain Fed and Irrigated Rice in Studied Sites

Source: Shivakoti et al. 2014
The results suggest that each of the irrigation schemes may have a big space for improvement in
irrigation service, extension, input/market access, etc. The same study also showed in Figure 26 that
average irrigated rice returns are quite good compared to cassava, soybean, rainfed rice and maize
grown in the Basin. An assessment of irrigation efficiency and water productivity also shows stunning
differences in water productivity between irrigation schemes (Yamauchi and Phengphaengsy 2008).
Figure 26: Comparison of Average Financial Returns for Rice and Non‐Rice Crops in a Pilot Study

Source: Shivakoti et al. 2014
The assessment was conducted on 3 irrigation schemes in Lao PDR, northeast Thailand, and Cambodia
using a water balance approach. As shown in Figure 27, the water productivity2 of Huay Luang is almost
one digit higher than the other two in both wet and dry seasons. For the wet season, this difference
comes from the multiplied effect of higher rice prices and irrigation efficiency. The scheme manager in
2

Proceeds of harvested crops and fish divided by irrigation water volume
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Huay Luang thinly distributes water to large areas efficiently supplementing rainfall in the wet season.
For the dry season when rice price is low, the limited water was allocated to cash crops and fish so that
the same level of cash flow was secured. Productivity of wet season irrigation is low in the Nam Houm
scheme of Lao PDR where water is rather abundant and rice yield is low. Water productivity of Komping
Puoy of Cambodia was low both in the wet and dry seasons with low rice price, yield, and service area
per unit of water.
For the value of groundwater irrigation, one study (Roberts 1998) found in Prey Veng that vegetable
cultivation on small plots provided the most profitable use of irrigation followed by wet season rice with
supplemental groundwater irrigation. Heavily irrigation‐dependent dry season and mixed wet‐dry
season rice cultivation was the least profitable, however, by adding additional cropping periods they
provided farmers with higher total annual incomes.
Figure 27: Water Productivity Comparison in an MRC Pilot Study ($/m3)
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Returns to labour with supplementary wet season irrigation were estimated between US$4.9 and
$6.7/day, about 26% higher than pure rain fed production in Lao PDR and Cambodia, and as much as
65% higher in Thailand. Viet Nam can generate labour returns of US$7.5/day from its irrigated wet
season crop (MRC2010c).The addition of a second crop of irrigated rice increases the total labour
requirement and spreads it out over the year, so a greater proportion of the work can be performed

33

within the family and a smaller proportion by outside labourers. Planned irrigation development in the
LMB over the next 20 years is expected to generate an additional 411,000 person years of employment
in the construction of infrastructure and the application of the more intensive cultivated farming
systems for more months of the year (MRC 2010b).

8. Food security
Expanded irrigation areas and improved yields from irrigated crop production, for both rice and non‐rice
crops, have played an instrumental role in increasing food security in the LMB but, as shown in Figure 28,
there are still pockets of insecurity and areas where food security is fragile. Furthermore, irrigation has
been shown to increase fish and OAA yields and diversity but excessive use of chemicals and
inappropriate water management regimes can threaten fish habitat and viability. With population and
income growth in the LMB, efforts for expanding nutritious food production and ensuring its
sustainable availability and accessibility throughout the LMB need to continue.
Food security involves the availability, sustainability, accessibility and safety of nutritional food
requirements. When all people at all times have physical and economic access to sufficient safe and
nutritious food to meet their dietary needs and food preferences for an active and healthy life, food
security exists (FAO 2008).
About staple food, food insecurity is no longer considered a national problem for the governments of
the region, as all countries are now self‐sufficient in rice production and the LMB is a leading world
exporter. However, it remains an issue in specific areas, particularly: the remote mountain areas of Lao
PDR and Viet Nam with poor transportation infrastructure; districts around the Tonle Sap and the
northwest regions of Cambodia; and areas of north and northeast Thailand that are most vulnerable to
frequent water shortages and droughts (Bouapao et al. 2013). Ensuring an adequate and reliable water
supply for irrigation reduces the risk of crop failure and, thus, can have a significant effect on food
security. Though irrigation’s priority among various interventions depends on local demands, priority
inside the public irrigation sector should be given to these “pockets” regardless of engineering
convenience.
Another important issue in the rice sector is the maintenance of the developed infrastructure for rice
production. Current sufficiency of rice production was achieved thanks to past investment in agronomic
as well as infrastructure developments. The latter is particularly fragile in both flood prone lowland and
mountainous valley areas. Sustenance of food security should not be assumed unless the irrigation
infrastructure receives good care.
While rice production provides the main food energy source, the inland capture fishery and OAAs
provide the most important source of animal protein and are of higher nutritional value than rice. For
this and other reasons, the importance of the rice‐fish interrelationship in paddy fields, which provides a
more balanced and nutritious food supply, must not be underestimated in seeking sustainable food
security in the Basin. In addition, the capture fishery and OAAs are common property resources and, for
the poor, constitute their last safety net.

34

To date, very few dams, weirs or other irrigation structures have designed fish passages into the
structures. (For example, only Stung Chinit weir in Cambodia and non in Lao PDR has a fish passage
structure.) For migrating fish, particularly in the Cambodian flood plains, interruptions to their migration
patterns by irrigation infrastructure will threaten productivity. Improved irrigation efficiency and the
System of Rice Intensification (SRI) being encouraged in the Basin could also be harmful. Shallower
water and increased use of chemicals potentially endanger the quality of the paddy habitat for fish and
OAAs.

35

Figure 28: Rice Balance of Each Province
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9. Poverty Reduction
All countries in the LMB have performed very well in terms of national poverty reduction during the past
decade, particularly Lao PDR and Cambodia. The two most important reasons for this performance have
been increasing rice prices, which averaged over US$550/ton between 2009 and 2012, and increased
rice production. Increased production was stimulated by rising prices and facilitated by improved road
infrastructure, better access to market information, and improved irrigation. This production and value
growth raised farmers’ revenues and farm workers’ wages which together accounted for almost half of
the poverty reduction achieved (Styllis 2013, World Bank 2012).
However, in terms of the national poverty incidence, between 13 and 28% of all households in the LMB
countries still live on less than the internationally defined poverty line of US$1.15/day, and about 15%
are considered undernourished (Bouapao et al. 2013).When seen on a provincial basis, as in Figure 29, a
high incidence of poverty is still pervasive in the Basin, running from the remote areas of north‐eastern
and southern Lao PDR through central and eastern Cambodia (no data are available for LMB areas in
Thailand and Viet Nam). Irrigation schemes have been constructed throughout the region from the
places that can draw water by gravity to those that rely on pumps. In Lao PDR, many small schemes are
planned along upper tributaries, and Cambodia’s priority is on the renovation of ineffective schemes.
This suggests technical advance is the key to make difference and move into marginal areas which can
be high poverty areas, too.
The Global Water Partnership (GWP) links rural poverty to agricultural production and water availability
in a poverty concept termed water poor. The water poor indicator integrates poverty incidence, using
disposable income, asset and food security indicators, with water availability, flood and drought
indicators. In a recent study, water poor indicators were developed for each district in the LMB and
water poverty “hotspots”, reflecting poverty incidence and reliable water accessibility, were delineated
(Kirby et al 2009). A number of hotspots were identified, particularly in the upland areas of northern Lao
PDR and Cambodia, and the highlands of Viet Nam (circles in Figure 29). Livelihoods for the majority of
villagers living in these “hotspot” areas are comprised of rain fed crop farming, fishing and OAA capture
in which water is critically important for their livelihood sustainability. The greatest depth of poverty
remains in the remote rural areas of Lao PDR and Cambodia, and absolute gaps between the richest and
poorest are widening (Kirby et al 2009).
These “hotspots”, some in lowlands and some in hilly and mountainous areas, will likely require
different pro‐poor food crop and water management solutions suited to individual villages to most
effectively contribute to poverty reduction in these diverse areas and cultures. The coordinated input of
various national departments and local agencies will likely be required to deliver an integrated package
of solutions. As one of the key service stakeholders, the irrigation sector must have the capacity and
process to effectively contribute to the resolution of the poverty issue in these areas, if water can be
obtained at a reasonable cost.
Benefits of irrigated rice production are often beyond the reach of the poorest households. Rather it is
usually the most capable among the farming community that are able to provide the required level of
investment and management to take advantage of the improved water availability.
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Spreading groundwater use in rice production can accelerate the gap between rich and poor. A study in
northeast Thailand found that the probability of low rice production from irrigation is nearly twice as
high for the poorest households compared to the richest households, due to the latter’s increased
options for supplementing their water supply (Kirby et al 2009).
Irrigated upland cropping often increases the investment risk, particularly for those in transition to
commercial agriculture, by requiring significant input investments to meet the quality and scale
demanded for exportable cash crops. With high investments and severely fluctuating prices, this
transition process in Lao PDR has put many farmers in debt (IRRI and World Bank 2012).
The introduction of canal systems or its partial system has also brought uneven benefits. In some cases,
farmers closer to the main canal have blocked the canal and monopolised access to migrating fish at the
expense of both more marginalised and smaller scale farmers as well as reservoir fishers. In many cases,
tertiary canals are left for farmers to complete despite subtle undulation of paddy areas and irregular
relationship between farmers. Unless extensive engineering support and anthropologic intervention is
given, or virtuous communal leadership and solidarity are expected, gravity systems will not reach
individual farm plots.
During recent years, the emphasis has placed on participatory approaches and IWRM principles. All four
LMB countries are committed to Participatory Irrigation Management or similar concepts and have
formed an extensive network of Farmer Water User Committees (FWUCs) or similar associations.
However, the FWUCs have not performed as well as expected for a variety of reasons. Relevant advice
and lessons available in international forums include clarification in their roles, responsibilities and
authority; development of management capacity; land rights; and ability to collect financial resources
for operations and maintenance (O&M). While they are all legitimate, suspected causes also include
poor quality of engineering work and insufficient public protocols and resources in such areas as land
survey, land evaluation, and compensation.
As discussed in 8. Food security, wild food is often an important supplementary income source,
especially for poorer households. The value of fish and OAAs collected from rice fields in Battambang is
estimated at US$100/ha, about 2/3 the value of one wet season rice crop (de Silva et al 2013). Another
study in northeast Thailand claims US$497 worth of wild food was collected from 1 ha of rain fed paddy
and US$351 was gathered from irrigated paddy. According to this study, a higher diversity of useful
species was captured in the irrigated fields thanks to the greater and more regular sufficiency of water
(MRC 2010a).
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Figure 29: Poverty Incidence and Water Poverty Hotspots

39

Traditionally, paddy fields were the main source of income as well as the providers of rural employment,
which is rapidly changing. Both rainfed and irrigated paddy farming required a large number of hired
labourers creating employment and income for resource‐poor rural households. Rice value chain
linkages were also relatively labour intensive. Therefore, by generating proportionately more income
and employment for farm and rural households, who represent the largest proportion of the poor, rice
production growth through irrigation and intensification tended to lead to relatively faster rural poverty
reduction (Islam and von Braun 2008). However, the share of rice sales in the household income is only
about 20% (Bouapao et al. 2013). Dependence on remittances from the young generation who work in
urban areas becomes high and machine operators replace manual labourers in aging villages where few
young labourers are found. Labour intensive transplanting is disappearing and use of chemical, herbicide,
and fertilisers is growing. Income gap in rice growing villages are expanding, too (Shivakoti et al. 2014).
Traditional reasons for prioritized public investment in the irrigation sector come from the dominance of
subsistent small‐holding rice growers, which remains towith a lesser extentdegree. Irrigation projects
desirable for increased production and economic efficiency might not fulfil the aforesaid cause for public
intervention. Combating poverty effectively requires a range of pro‐poor policies and programmes that
go beyond food supply and agricultural labour to addressing the overall social and economic
development needs of rural communities in an integrated manner. Irrigation departments need to
coordinate with other national and local service providers and stakeholders within a framework of
participatory, integrated rural planning to ensure that irrigation expansion approaches will most
effectively contribute to poverty alleviation.

10.

Climate Change

A latest simulation study of the effects of climate change on rice yield projects that most parts of the
LMB will reduce the yield in future under all four Representative Concentration Pathways (Figure 30,
Hunink et al. 2014). Irrigation is expected to reduce part of the risks of crop damage from climate
change. Rise in temperatures, increase in the intensity and duration of droughts and the frequency of
extreme floods; increase in storm surges, and rising sea levels across the Delta, threaten crop yields and
production levels. These changes in climate will also damage infrastructure, increase crop demand for
water and raise irrigation pumping costs.
The probability of having lengthened an intensified dry season will increase in large areas of the
southern and eastern LMB. Water demands for crops will increase in both rain fed and irrigated systems.
Longer consecutive drought days are expected, further increasing the drought risk for rice cultivation.
For rainfed paddies, a delay in rice planting is expected in many areas of the Basin and such delays in
planting would shorten the growing period resulting in a decline in yields and production of fragrant rice
varieties. Thus seasonal water shortages will be exacerbated, as will salt water intrusion in the Delta
(Kirby et al 2009) unless storage and flow regulation are advanced. The study by Kirby et al. suggests
that climate changes will depress wet season rice production in Cambodia and the Delta, and dry season
in the Delta and northeast Thailand.
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Table 2: Projected Average Rice Yield under Climate Change3

Source: Hunink et al. 2014
Recent scenario analyses indicate that sea levels in the Delta may rise by between 28 and 33 cm by 2050
and by up to 1m at the turn of the century, and storm surges will intensify, damaging irrigation and
transportation infrastructure. It is expected that about 12,400 sq.km of the Delta will be inundated if no
action is taken. Up to 50% of the country’s paddy production and 80% of rice exports, in today’s terms,
will be threatened (Carew‐Reid 2008).
Throughout the Basin, the rainy season is expected to shorten and intensify. Although only a modest
increase is expected in annual rainfall in most areas, dramatic increases are predicted during the wettest
months, particularly in parts of Lao PDR (Kirby et al. 2009). There will be a higher incidence of storms
and heavy rainfall, increasing the vulnerability of most farming ecosystems. Increased flooding is
expected in all parts of the Basin with the greatest impact in downstream on the mainstream of the
Mekong (MRC 2010e).

3

Sub areas correspond to BDP planning areas: 7C, 7L, 7V are Cambodia, Lao, and Vietnamese territories of the Se
San/Sre Pok/Se Kong sub basin. The assessment assumes no change in agronomic practices.
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Figure 30: Projected Irrigation Demand under a Climate Change Scenario4

Source: Yamauchi et al. 2012
The water demands and availability for dry season irrigation with future planned Basin development
may need modification as a result of climate change. A recent assessment of the hydrological impacts of
planned Basin development and climate change on agricultural water use concluded that although
changes in annual rainfall between the current situation and the planned future with climate changes
are small, year to year variability increases and droughts will occur more frequently (Yamauchi et al.
2012). Longer consecutive drought days are also expected, which would likely increase the drought risk
for farmers. ET increases due to higher temperatures will result in higher irrigation water demand (see
Figure 31).
Although increased irrigation water demand may not be a serious problem from a Basin‐wide
perspective, it would raise the operating costs of irrigation schemes, particularly for pumped irrigation
systems. Also, increased water demand will result in either a decrease in irrigated area or a reduction in
rice yields under irrigation schemes that draw water from reservoirs, which will lose more water for
evaporation. To cope with climate change, efforts to improve water management in irrigation systems
are indispensable.

4

Simulation of on‐farm water delivery in irrigation schemes based on MRC’s IQQM model.
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11.

Environment

Irrigated paddy fields generate positive and negative environmental externalities including non‐
commodity benefits such as flood protection, groundwater recharge, aquatic ecosystem nurturing and
restoration, and soil productivity improvement and conservation. It can also produce negative
externalities such as soil erosion, nutrient runoff and leaching (MRC 2010a). The growth of intensive
agriculture will increase the demand for irrigation water resources while also potentially endangering
water quality and biodiversity in some areas through increased use of fertilisers and chemicals (MRC
2010d).
Studies have shown that cultivating paddy intensively as a monoculture on healthy soils will gradually
reduce soil productivity. On the other hand, paddy fields on unhealthy soils (acid‐sulfate soils) effectively
improve soil productivity (MRC 2010a). With the transition towards more commercial agriculture in
Cambodia and Lao PDR, cash cropping has reportedly caused considerable deforestation, erosion and
chemical pollution in local watersheds that was seldom identified in Basin monitoring programmes (MRC
2011). Groundwater contamination in northeast Thailand, water salinisation and acidification in the
Delta and water pollution in the Tonle Sap, are important issues for residents.
A recent study of the Tonle Sap Great Lake concluded that the lakes’ ecosystem is more likely to be
affected by subtle changes to inflow and outflow rates into the lake, with subsequent impacts on
fisheries, due to irrigation, climate change or other major upstream developments, than by gross
changes in volume or surface area of the Lake (Kirby et al. 2009). Irrigation developments in the
tributaries of the Great Lake will impact the ecosystem via reduction of inflow and possibly changes in
its quality. Efforts for close monitoring and assessment are desirable.

12.

Plans and Trends:

Figure 32 shows that the riparian countries are planning to add 1.6Mha to the Basin irrigation area
during the next 20 years. Thailand is planning the largest increase, adding nearly 1M ha to their existing
irrigation area and cultivating 100% of the expansion during the wet season. They expect to cultivate
about 25% of the command area in non‐rice crops. Both Lao PDR and Cambodia are planning about
280,000ha but Lao PDR expects a much higher cropping intensity during both wet and dry seasons. Viet
Nam will utilise 100% of its 125,000ha expansion for wet season cultivation and about half of command
area expansion for non‐rice crops.
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Figure 31: Planned Irrigation Area Expansion in the LMB (ha)

Source: MRC 2010b (20 Year Plan)
The total area of dry season irrigation is planned to increase by 600,000 ha, from 1.2 to 1.8 million ha
over the next 20 years. Of the LMB total, about 120,000ha is planned in Cambodia, 230,000ha in Lao
PDR (mainly in the Seven Plains region) and 250,000ha in Thailand. With the planned 20 year
expansions, total irrigation area will increase to 5.6 million ha from the current 4.0 million ha, and
northeast Thailand will have the largest area under irrigation (see Figure 33).
The distribution of planned irrigation projects for the wet and dry season over the next 20 years was
shown earlier in Figure 22. Concentrations of projects are found in northern Lao PDR, the Seven Plains
area and the Viet Nam Highlands. These concentrations are in areas with a high incidence of poverty and
the northern Lao PDR and Viet Nam plans are in rice deficit areas considered to be poverty hotspots.
Figure 32: Total Existing and Planned Irrigation Area in the LMB (ha)

Source: MRC 2010b (20 Year Plan)
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Lao PDR’s plan for irrigation expansion contains a huge number of small schemes in the upper reach of
tributaries. In Lao PDR, irrigation is subsidised through reduced electricity costs, infrastructure
investment and O&M expenses. But schemes built early already need replacement. There is substantial
deferred investment which has led to the deterioration of many systems, too. A clear long‐term asset
management strategy is necessary.
Many of the planned projects in Cambodia are also rehabilitation projects rather than new irrigation
schemes. There are many irrigation infrastructures built in the past that are technically or economically
marginal and have either never functioned properly or have fallen into disrepair. While the Cambodian
government places priories on the rehabilitation of these schemes, newer irrigation developments are
impacted by wet season flooding, leading to regular damage. Rapid deterioration of schemes results in
low productivity and a need for frequent rehabilitation, while government maintenance budgets are
minimal. Integration to flood mitigation planning is the key for effective irrigation development.
Thailand has an extensive plan for irrigation area expansion in the Basin. However, the lack of attractive
sites for dams and environmental constraints work as restraint. For significant irrigation expansion in
Thailand, long distance water transfer must be realised. The national Water Grid was approved by the
Thai Government in 2003 as a country‐wide system of interconnected reservoirs and basins allowing the
movement of water from sources to water‐deficit areas. The Khong‐Loei‐Chi‐Mun water transfer project
is one of the “grid” projects. Without such projects, the priority is on modernisation/improvement of
existing irrigation schemes and small scale developments including groundwater irrigation. Concerted
efforts are demanded by irrigation and agronomy agencies to secure the value for long distance water
transfer in Thailand. Demonstration of sustainable and equitable models for conjunctive water use is
also expected.
In the Delta, agricultural development has been supported by major infrastructural works to manage the
complex water regimes required to meet the needs of rice, annual crops and aquaculture. The resources
are under extreme pressure due to the Delta’s vulnerable, low‐lying position and the lack of control over
processes in agriculture, fishing and industrial development: e.g. groundwater extraction is causing the
ground to sink. Current plans are to shift 130,000ha of rice area into other crops, mainly maize and soya.
Active irrigation development is underway in the Viet Nam’s central highland, where water imbalance is
suspected (Kirby et al. 2009). Because the water use in this area impacts Cambodia and the Delta, close
regional collaboration and joint tributary planning are the key for sustenance of irrigated agriculture.
Irrigation investments have moved towards more involvement of Water User Groups (WUGs). Although
considerable progress has been made, the level of effective participation and empowerment has not
met expectations. While farmers in the LMB are increasingly involved in management, considerable
capacity gaps exist and a lack of maintenance resources and commitment is resulting in continued
deterioration of schemes (MRC 2009). At the same time, shift from subsistence to more market oriented
rice cropping is changing farming practices and social structure in rural communities. This may require
careful adjustment in the participatory strategies and WUGs.
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Better irrigation sites in the LMB have already been developed, although many are in need of
rehabilitation. New sites tend to be in more marginal, less attractive areas (MRC 2009) except in
Cambodian flood plain, where irrigation and flood control should develop in an integrated planning
process. On the other hand, even small farmers are now watering their crops by pump, well and rubber
or PVC pipes. Much of the groundwater is used in conjunction with surface water, with or without
planning. Capacity to monitor, regulate, recharge, and use groundwater in conjunction with surface
water becomes a norm. The strategies and technical knowledge for irrigation development need further
sophistication as well as incorporation of broader science to fulfil the expected roles in coming years.
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Figure 33: Irrigation Projects in Savannakhet and Khamouane Provinces in Lao PDR.
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13.

Suggestions for Future Irrigation Development

Rice and fish are the main dietary and income pillars of rural society. The growing Basin population will
require an increased food supply, too. The Basin’s predominantly rain fed rice production must find
ways to improve livelihoods and be more resilient to changing climate. Irrigation has been regarded as
one of the most powerful tools for increased food production in the region. While increased production
must have contributed to food security and poverty reduction, the scope of food security has shifted
from national production to local stability and equity under more multi‐linked rural economy in the
region. Rice intensification and export policies risk marginalising the rural poor. While canals
deteriorate quickly, wealthier farmers start drilling individual tube wells. The irrigation sector may need
a clearer strategy for improved food security, poverty reduction, and its own efficiency and
sustainability to remain justified as a priority public intervention.
Capacity is as important as strategy. Engineering solutions at each location will produce different results
and therefore the current set of skills and knowledge should be reviewed to determine if it can cope
with additional complexities brought to the sector, which are more transboundary and interlinked with
other sector developments.
The following are the suggestions that may facilitate the review of the current strategy and capacity of
the public irrigation sector.
Why should irrigation areas be expanded?





To sustain achieved food security and eliminate rice deficit areas via proper maintenance and
renewal
To reduce national poverty incidence and address “hotspots”
To expand broad‐based rural development
To reduce the risk of drought damage and prepare for climate change

Where should irrigation be encouraged?




Where water constraints are the focal issue for food crop production
In areas that achieve distribution policy priorities
Where systems are prone to flood damage IF irrigation and flood protection is integrated

Where should irrigation be avoided?




Low viability areas with high flood damage risk IF aforesaid integrated flood strategy is not in
place
Areas with the potential to harm existing water users
Areas with significant negative environmental externalities

How should irrigation be developed and operated?
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For both rice and non‐rice crops and by both public and private sectors
To maximise sustainable rice/fish production systems taking into account changing climates
In a manner that builds capacity in applying IWRM principles with solid science
By building operational management capabilities to ensure more efficient and equitable water
delivery

What systems are appropriate in different conditions?




Integral part of flood control systems in lowlands
Tailoring for conjunctive water use and harvesting as well as natural, socio‐economic, agronomic
and marketing conditions in more independent schemes
Monitored, guided, and enforced individual water resources development and management for
both surface and groundwater
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14.

Glossary

The terms in this Glossary are defined below in the manner in which they are used in this report the
referenced sources.
Irrigated Area: Areas receiving irrigation during wet, dry or 3rd cropping season
Command Area: Area within command of irrigation facilities
Net Income: Total revenue less total expenses. Total expenses do not include fixed or overhead
expenses (net income and net profit are used interchangeably by different sources referenced)
Net Profit: Total revenue less total costs. Total costs do not include fixed or overhead costs (net profit
and net income are used interchangeably by different sources referenced)
Benefit‐Cost Ratio: Total revenue divided by total costs. Total costs do not include fixed or overhead
costs and the ratio is based on a fixed point in time rather that discounted present values
Gross Margin: Total income minus total costs divided by total revenue
Returns to Labour: Total revenue less materials costs less mechanization costs divided by total days of
labour on a per hectare basis
Value Chain: The full range of economic activities required to bring a product from production to final
consumer. The value chain for rice includes input suppliers, producers‐‐‐paddy traders, millers‐‐‐ rice
traders, wholesalers, exporters, retailers, consumers.
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