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Such investments would build on the integration of both 
conservation and development of the natural resources of 
the GMS to ensure optimal overall sustained production, 
and it was expected that this would lead to surpluses of 
food, feed, and fiber by the early 21st century. This paper 
describes some of this work, showing that approaches that 
were considered innovative in 1966–1977 are today in the 
mainstream of sustainable agriculture, with considerable 
credit going to the program of cooperation in the GMS.

1. introduction

As the world’s 12th longest river (4,350 km) with an average 
flow of 16,000 cubic meters per second, the Mekong 
has always been the dominant focus for the people who 
lived within its 810,000 square kilometer drainage. The 
six countries that share the river, (Cambodia, People’s  
Republic of China [PRC], the Lao People’s Democratic 
Republic [Lao PDR], Myanmar, Thailand, and Viet 
Nam) each have a rather different relationship with the 
river, depending largely on where the river affects their 
respective country. The Mekong in the PRC (where it is 
called the Lancang) cuts through deep mountain gorges in 
Yunnan Province before beginning to flatten out as it enters 
the Lao PDR and Myanmar. For mountainous Lao PDR, 
the river is a dominant source of fish, transport, irrigation 
water, and hydropower on its tributaries. For Thailand, it 
provides similar services, but is not as dominant because 
the Chao Phraya River services the most productive part 
of the country, rather as the Irrawaddy and Salween do 
for Myanmar. For Cambodia, the Mekong has been the 
essential source of its spectacular civilization (with the 
temples of Angkor Wat and its predecessors), based on 
the Tonle Sap (Great Lake), which is seasonally fed by 
the river. And for Viet Nam, the delta of the river provides 
some of the country’s most important rice-growing lands, 
along with a rich fishery.

This very brief and incomplete introduction is merely to 
make the point that bringing such diverse countries and 
interests together to develop the resources of the lower 
Mekong Basin was a daunting undertaking when the 
Committee for the Coordination of Investigations in the 
Lower Mekong Basin (which did not include Myanmar or 
the PRC) began its agricultural program in 1966. This paper 
summarizes some of the main historical contributions that 
were made to agriculture by The Mekong Committee, as 
it came to be called. It draws on a more comprehensive 
historical review (Van Liere and McNeely, 2005). 

abstract

The Committee for the Coordination of Investigations in 
the Lower Mekong Basin (otherwise known as the Mekong 
Committee) carried out substantial agricultural research 
from 1966 to 1976, and many of their findings remain 
relevant to current efforts to address food security in the 
Greater Mekong Subregion (GMS). While the Mekong 
Committee was concerned primarily with water resources 
development, it also recognized that population growth, 
overexploitation of natural resources, and the inevitable 
spread of modern technology to agriculture would pose 
challenges to rural communities. It established an innovative 
network of “pioneer farms” where new approaches would 
be tested under practical field conditions at a scale of 5,000 
to 10,000 hectares. 

Even as early as 1966, this agricultural research was guided 
by a vision of sustainable agriculture that would be able 
to adapt to changing conditions, draw on locally-available 
resources, and maintain a healthy supporting environment 
in the agricultural matrix. Forty-five years later, this is still a 
modern approach. Research addressed land preparation, 
water distribution, use of agricultural chemicals, crop 
storage and transport, marketing, and finance. While 
much of the research took a long-term perspective, some 
activities were designed to yield short-term benefits that 
were specific to local needs and available resources. It 
was also recognized that agricultural development and 
food security would require different approaches in the 
poorer uplands and in the lowlands where more intensive 
farming systems could be applied; but the overall approach 
required considering the system as a whole, using the 
watershed as an appropriate scale for coordination. 

One major finding from this substantial body of research 
was that water shortage at the end of the dry season would 
be a significant limiting factor to food security, calling for 
significant investments in new cropping systems, water 
resources management, and agricultural infrastructure. 
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While the agricultural development program sponsored by 
the Mekong Committee was concerned with both short-
term and long-term needs, its primary objective was the 
basin’s long-term sustainable development (long before 
that term came into vogue). Such long-term planning was 
seen to be essential for three main reasons: the population 
was certain to grow, especially as development provided 
more opportunities to the resident farmers; overexploitation 
of natural resources was already apparent, and would 
need to be addressed as part of any development effort; 
and the large-scale application of modern technology 
was considered to be inevitable as transport systems and 
markets improved for many people who had long lived on 
the edge of subsistence.

A critical element was the recognition that improved farming 
was going to require experimentation and innovation rather 
than simply importing approaches that had worked in other 
settings. The agricultural experimentation was expected 
to develop new methods for enhancing agricultural 
production and to test them under controlled conditions at 
a sufficient scale to provide meaningful results. This gave 
birth to the idea of “pioneer agricultural projects” covering 
5,000 to 10,000 hectares, including development of farm 
management practices, such as land preparation, water 
distribution, use of appropriate amounts of agricultural 
chemicals, crop storage, marketing, and financing. The 
pioneer projects tested and demonstrated the feasibility 
of new concepts in agriculture, beginning with relatively 
modest areas and progressing to ever larger areas as 
experience was gained, until eventually the new concepts 
could be broadly adapted wherever the conditions were 
suitable. Much of today’s agriculture follows the trail blazed 
by the Mekong Committee. 

2. Country experiences

The lower Mekong Basin was defined as the lands and 
waters that flowed directly into the Mekong River. This 
included almost all of Laos (as it was called then) and 
Cambodia, but a relatively small proportion of Thailand 
and South Viet Nam (as it was called then). Each country 
determined its own priorities.

The Thai part of the lower Mekong Basin included a small 
part of the far north, in Chiangrai Province, most of the 
northeast (then the poorest part of the country and the 
most dependent on seasonal rains), and a small part 
of the southeast. Most of the effort was devoted to the 
northeast, where the short-term program objective was 

to ensure continued economic growth. To this end, the 
Government launched various general improvement 
programs, including providing irrigation, improving upland 
crops, and improving livestock.

Cambodia, the Lao PDR, and Viet Nam were suffering 
from military conflict through most of the time described 
here (1966–1976). Their first priority was to regain self-
sufficiency in food as quickly as possible. To this end, 
agricultural production programs were carried out with 
large-scale public participation, which ensured a speed of 
execution never before achieved. By the time the Mekong 
Committee stopped its operations in 1976, it seemed likely 
that the physical facilities to attain self-sufficiency would 
be in place in the fairly near future (an optimistic hope, in 
retrospect, but considerable progress was made toward 
that hope).

These short-term, even emergency, sorts of development 
were unlikely to remove the constraints that impeded 
sustained agricultural production, both technically and 
organizationally. For example, it was imperative to 
develop farm systems with sustained yields for the poorer 
uplands while simultaneously developing intensive and 
diversified farm systems for the lowlands and to apply 
these approaches at risk levels that were acceptable to the 
farmers. Achieving optimal overall agricultural production 
in both uplands and lowlands required a broader approach 
and the entire watershed had to be considered. Watershed 
management played an increasingly important role and 
watersheds remain the scale that most rural development in 
the Greater Mekong Subregion (GMS) has adopted. These 
approaches require patience and a long-term commitment.

Even more challenging than the agro-technical and agro-
environmental problems was recognition that agricultural 
development would very soon be facing water shortages, 
especially during the latter part of the dry season, when 
water is most needed but supply is at its nadir. Water was 
clearly the limiting factor that needed to be addressed. 
As of 1975, considerable progress had been made in 
northeastern Thailand and the Lao PDR, where some 
15 billion cubic meters of water were being stored in 
existing tributary reservoirs. A major challenge was that 
the short-term programs of Cambodia, the Lao PDR, and 
Thailand all expected to increase the use of water during 
the dry season, leaving little available for agriculture in the 
Vietnamese part of the Mekong Delta during the critical 
months of low flow (March-May). Even worse, saltwater 
intrusion could become a serious problem in the delta, 
significantly undermining the quality of the available water.

Food Security in the Greater Mekong Subregion: Historical Perspectives 
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The water issue remains difficult. More dams on the 
tributaries may not be able to contribute substantially 
to further agricultural development of the basin. In 
northeastern Thailand practically all available sites 
appropriate for dam construction have already been used. 
In Cambodia the flows of the tributaries to the Great Lake 
are small and it depends largely on the mainstream flow 
from the Mekong. Additional dams on the tributaries in 
the Lao PDR would be primarily single-purpose power 
projects, with most of the electricity being sold to its 
neighbors. Some hoped that local storage, using small 
reservoirs in the relatively flat plateau of northeastern 
Thailand and in the Mekong Delta, could compensate for 
the shortage. But experience has shown that local storage 
is scarcely effective precisely when it is most needed, at 
the end of the dry season. It is also costly and occupies 
much valuable land that could more productively be used 
to grow crops.

The inevitable conclusion was that the future of agriculture 
in the basin could be ensured only with significant new 
investments across a broad front, including new cropping 
systems, water management, and infrastructure. 
Sustainable development based on these principles 
would enable an effective integration of both conservation 
and development of the natural resources of the lower 
basin, so that optimal overall sustained production could 
be achieved. Back in 1975, this was seen as a realistic 
prospect and assuming it could be achieved, the lower 
Mekong Basin would satisfy not only its own food needs, 
but also produce significant annual surpluses of food, 
feed, and fiber in the early part of the 21st century (Van 
Lierre, 1977). This has, in fact, occurred in Thailand and 
Viet Nam, while Cambodia and the Lao PDR remain minor 
food importers.

In the event, many of these approaches, seen as 
innovations in 1967–1977, are today in the mainstream 
of sustainable agriculture. 

3. agricultural Systems

For the purposes of this paper, the basin agricultural 
systems can be divided into three broad categories: 
traditional, extractive, and modern (although the categories 
have considerable overlap and considerable variability is 
found within each category).

Traditional agriculture includes several systems that 
have been used in the basin for at least 2,000 years, thus 

demonstrating their essential soundness under traditional 
conditions. These systems can be divided into two main 
categories: swidden agriculture (mostly in the uplands) 
and bunded field agriculture (mostly in the lowlands).

For both categories, the most important crop is rice; both 
employ systems of permanent subsistence farming, 
suitable for closed agricultural economies with low 
population pressure. Upland farmers require at least 30 
hectares (ha) per family to maintain subsistence levels, 
whereas bunded field farmers will generally be self-
sufficient with 1.5 to 3 ha depending on the local situation. 
The total area in use for each type may be approximately 
equal because the population of upland farmers is only 
10% of the total farmer population.

An essential part of swidden agriculture is the great 
diversity of crops that are grown, to some extent mimicking 
the diversity of natural forests. The Lua (Lawa) of northern 
Thailand, for example, grow about 120 crops, including 75 
food crops, 21 medicinal crops, 20 plants for ceremonial 
or decorative purposes, and 7 for weaving or dyes. The 
fallow swiddens continue to be productive for grazing or 
collecting, with well over 300 species utilized (Kunstadter, 
1970). The most important crop is upland rice, and it is not 
unusual that 20 varieties of seed rice are kept in a village, 
each with different characteristics and planted according 
to soil type, fertility, and humidity of the fields. 

Although swidden agriculture has come under wide 
abuse as being destructive of forests and watersheds, it 
is highly adaptive to a wide range of conditions and when 
properly performed it may be one of the least harmful ways 
of cultivating areas where poor soils, steep gradients, 
and heavy rainfall make conventional farming methods 
unproductive or impossible. As practiced by stable groups, 
swidden agriculture was not particularly destructive 
of forest, land, or wildlife. Permanent villages were 
established, moving only if forced to do so by extremes 
of economic hardship, political disturbance, or population 
pressure, not as a logical consequence of their agricultural 
techniques (Hinton, 1970).

Sedentary swidden agriculturalists have a strong interest 
in maintaining the fertility of the village territory and practice 
several long-term conservation measures, including
 • preservation of stands of timber in and around the  
  swidden to serve as a seed reservoir for new  
  secondary forest;
 • sophisticated control of fire (including fire breaks,  
  fire fighters, and coordinated burning);
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 • early cutting of forest to retain soil moisture,  
  reducing transpiration losses so that swidden soil  
  is often more moist than adjacent forest soil;
 • careful rotation of swiddens, using each one for only  
  one year (a second burn or continued use typically  
  leads to the invasion of Imperata grass, deflecting  
  the succession from forest to grassland);
 • a bush-fallowing period of at least 10 years to allow  
  the flow of nutrients to reverse the trend toward  
  leaching and be recycled into secondary growth  
  plants, which then release their nutrients through  
  burning;
 • careful control of weeds (which may be the dominant  
  reason for abandoning a swidden); and
 • minimal disturbance of topsoil, thus minimizing  
  erosion.

In recent times, swidden cultivation has revealed some 
serious limitations. Since per capita land requirements 
are relatively high and upland agricultural systems seem 
unable to respond to labor surpluses with corresponding 
increases in productivity, the pressure of increasing 
population has forced more intensive use of the available 
land. The fallow periods are thus shortened, leading 
inevitably to a decrease in fertility and, ultimately, to 
Imperata grasslands which cannot be cultivated by 
traditional means. The overutilization of the potentially 
renewable upland agricultural resources has led to an 
essentially permanent depletion of those resources and 
reduced carrying capacity of the land.

Another variety of unstable swidden agriculture was 
practiced by an estimated 15%–20% of lowland farmers. 
Lowland swiddening is typically very destructive because 
land titles are seldom involved in the clearing of reserved 
forests, so the farmers have little motivation to take long-
term conservation measures. Short periods of cultivation 
are followed by periods of fallow that are too short to restore 
soil fertility, leading to permanent abandonment of the land. 
Fire control measures are usually neglected and since the 
lowlands are usually covered by fire-prone deciduous forest, 
the dry season often experiences massive destruction of 
forested land. The extent of dry season fires in the plains 
of northern Cambodia is especially notable. 

More sophisticated from the point of view of traditional 
technology is bunded field farming, which has been practiced 
in the basin for at least 2000 years. Much of northeastern 
Thailand, southeastern Cambodia, and the Mekong Delta 
are covered with an intricate patchwork of small, traditional 
bunded fields. For such farming, the land has to be cleared 

(often by using slash-and-burn techniques), leveled, and 
bunded. Experience has taught that it often takes about one 
generation for a rice field to become optimally productive; 
apart from perfect leveling, an impervious layer must form at 
shallow depths in paddies, to keep the rainwater ponded on 
the field with minimal infiltration losses. Contrary to swidden 
farming, no fallow periods are necessary other than the 
annual short fallow period during the dry season. 

Since the range of hydrological conditions in the Mekong 
Basin is very wide, traditional technology was adapted to 
these conditions with remarkable sophistication, especially 
in the wide range of traditional rice varieties used.

Another part of this adaptability was traditional water 
manipulation. In many areas of the basin, bunded-field 
farmers of the lowlands had since time immemorial 
made small canals that would help to spread wet season 
floodwater more equitably over their fields. In some areas, 
the rising waters of the rainy season were managed 
by temporary weirs and the water diverted for gravity-
fed irrigation. Large ponds for domestic use during the 
dry season are still widespread throughout the basin, 
especially in conjunction with temples. In a few areas, 
very large canals were built during the Funan and Angkor 
periods, and some of these are still in use. 

Bunded field farming typically involves monoculture; other 
crops are seldom grown on the same land. Moreover, it is 
very labor-intensive and requires agricultural tools and draft 
animals. While optimal upland swiddens may give a slightly 
higher yield in any given year, their long fallow period 
means that the sustained yield of bunded fields is typically 
at least 10 times higher than in upland fields. Furthermore, 
the bunded field system is more adaptable to population 
pressure. The yields of the bunded fields typically increase 
when fields become smaller with population increase, 
because on smaller farms better care is taken of the crop, 
weeds are more carefully controlled, and more work is done 
to ensure satisfactory hydrological conditions.

The traditional bunded field systems represent a feat of 
land reclamation of tremendous magnitude in the lower 
Mekong Basin. Some 50 million individual bunded fields 
existed in the basin, all constructed by traditional means 
without the benefits of agronomists, foreign agricultural 
experts, benefit-cost analyses, and loans from the 
international assistance agencies.

The rich store of down-to-earth technology for traditional 
agriculture was efficiently adapted to each micro-ecological 
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situation. This invaluable knowledge remained intact 
throughout the ages, in spite of historical vicissitudes. 
Civilizations may come and go, but the efficiency of the 
individual subsistence farmer seems to remain untouched. 
However, traditional farming systems evolved for traditional 
population levels, so their potential for further expansion 
is limited. 

Beginning about 1860, traditional bunded field farming 
entered a phase of rapid expansion. Stimulated by foreign 
markets and cash demand for rice surpluses, the area 
under rice cultivation in the Mekong Delta increased from 
170,000 ha in 1872 to 1,300,000 ha in 1908, an increase 
of 4.7% per year. Most of the increased production was 
exported, with the exports of rice from Ho Chi Minh City 
increasing from 58,000 metric tons in 1860 to 900,000 tons 
in 1910, an increase of 5.6%/year (Owen, 1971).

The Vietnamese had begun opening up the delta by 
constructing canals as early as the beginning of the 
19th century, and this development gained considerable 
impetus late in the century. The policy was to give large 
land grants to Vietnamese, Chinese, and French investors, 
who then recruited tenants to build canals, clear the land, 
and cultivate the fields. The Government built only a few of 
the largest canals (sometimes following the same pattern 
as canals built during Funan times, 15 centuries earlier). 
The new canals provided some limited drainage, but their 
most important function was to provide access to markets 
through boat transport; irrigation was minimal.

These developments, using essentially traditional 
techniques but stimulated by foreign markets and some 
limited foreign technology, led to a great increase in 
population. In 1880, an estimated 1.7 million people 
were living in “Cochin China”, but by 1930, this figure 
had increased to 4.5 million, an annual rate of increase of 
2% (Netherlands Delta Team, 1974). The population has 
subsequently increased to over 20 million.

In the Mekong Delta, rapid expansion of agricultural 
land was in some ways detrimental to sound agricultural 
development. The way rice was farmed underwent virtually 
no significant changes; yields rather than increasing seem 
to have fallen slightly between 1880–1890 and 1930–1950, 
apparently due to the application of traditional technology to 
land somewhat less suitable for agriculture (Owen, 1971), 
although the time-lag factor in obtaining optimal yield from 
new rice fields may also contributed. The increases in 
crop yields which characterized agricultural development  
in other parts of Asia (PRC, Japan, Republic of Korea) 

were rendered unnecessary by the ready availability of 
large expanses of new land in the river deltas of Southeast 
Asia.

The expansion of agricultural land and traditional agriculture 
has reached its limits in the lowlands and has exceeded its 
limits in the uplands. This is now the situation in much of the 
northern Lao PDR, northeastern and northern Thailand, 
and parts of the Annamites; it was historically the case in 
northern Cambodia, where much of the area was cleared 
of forest during the Khmer civilization, resulting ultimately 
in permanently depleted soils that can still be clearly seen 
by satellite imagery. The only alternative for increasing 
agricultural productivity was to increase the yields on the 
available land, and the Mekong Committee decided that 
this could best be accomplished by the techniques of 
modern sustained-yield agriculture.

Irrigation was expected to have many advantages. 
Cropping diversity would be greatly increased, with a wide 
variety of crops grown on what was previously monoculture 
rice-growing land; these would include maize, peanuts, 
cassava, tobacco, mung beans, cotton, and a wide variety 
of fruits and vegetables. Cropping intensity would also be 
greatly increased, ranging up to 200% (double cropping). 
Yields would dramatically increase, with rice yields, for 
example, increasing from 0.7–1.6 tons/ha to 3.0–4.0 tons/
ha or even more with high yielding varieties. In addition, 
yields in nonirrigated areas would also increase modestly, 
due to improved extension, markets, and other services 
that will be stimulated by the greater economic productivity 
of irrigated areas. Net farm income and employment 
opportunities would double, while land value would  
triple. 

4. the role of Forests and Fisheries

The Mekong Committee felt that in the long run the forests 
may play an even more important role in human economies 
through their capacity to produce fuel and raw materials on 
a sustained-yield basis. The forests should be regarded as 
a renewable resource that with proper management can 
give sustained yields for the indefinite future. Unfortunately, 
overexploitation and lack of management have drastically 
depleted the forests in recent decades. The indications 
are that the rate of depletion, due to population pressures 
and modern technology, is far beyond the natural ability of 
the forests to replenish themselves. Much forested land is 
being converted to grasslands that are permanent in time 
scales relevant to land-use planning, and a major effort is 
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required to conserve existing forests, re-establish depleted 
forests, and establish plantation forests to meet the basin’s 
requirements for forest resources.

Studies sponsored by the Mekong Committee have 
produced some fairly comprehensive assessments of the 
terrestrial and aquatic fauna of the lower basin. These show 
that the basin supports at least 212 species of mammals, 
696 species of birds, 213 species of reptiles and amphibians, 
and 800 species of fish. Ten of the mammals are endemic 
(found only in the Mekong Basin) and 14 are considered 
rare and endangered. The basin birds include about 500 
resident species (at least 12 endemic) and another 160 
as winter migrants. Generally, the faunal diversity closely 
follows floral diversity, with the greatest diversity in the 
evergreen forests and the least in agricultural areas.

From the point of view of agricultural development, the main 
significance of wildlife is its role in controlling agricultural 
pests and as a genetic resource. The role of wildlife in 
controlling pests in the lower basin cannot be quantified 
because of lack of data but generally this role is indicated 
to be a major one and merits careful evaluation and 
assessment. With regard to genetics, the domestic animals 
of the lower basin not only were derived from wild species 
but the wild species represent in some cases raw material 
for developing new breeds with superior disease resistance 
and ability to adapt to the available food supplies.

Increasing population pressure means that the prospects 
for protecting the remaining forests and wildlife appear dim 
indeed, considering the many other problems facing the 
governments of the riparian countries. The Mekong program 
therefore focused on designing practicable remedial 
measures that are realistic in terms of implementation, 
particularly if considered and implemented as an integral 
part of overall water resource development planning. It 
appeared that the only conservation measure that could be 
successfully implemented at this time would be to establish 
a series of protected areas to preserve typical portions 
of the forest habitats throughout the basin, integrated 
with modernization and intensification of agriculture in 
the lowlands. A system of 29 national protected areas 
was suggested, totaling about 7% of the lower basin land 
area, including existing protected areas (McNeely, 1975). 
Moreover, these protected areas should be considered 
as “core areas” for larger land and resource management 
areas surrounding and incorporating them. Within the core 
area, no extractive activities would be allowed but the forest 
resources of the surrounding buffer zones would be subject 
to limited utilization for the benefit of the local residents.

An important aspect of the Mekong program’s approach 
to conservation of natural resources was recognition that 
comprehensive water resource development in the lower 
basin affords an opportunity to protect forest habitats and 
wildlife. It is clear, by projecting current trends, that without 
urgent action, the forest habitats and wildlife are doomed 
to near extinction. However, incorporating the conservation 
measures noted above into water resource project 
development, as an integral part of these projects, and 
thereby ensuring the means for financing and administering 
these measures, provides hope for some very real progress 
even in the short period of the next few decades.

The aquatic fauna of the lower basin is very rich indeed, 
including over 800 species of finfish alone. The finfish, 
together with shellfish, are by far the most important animal 
species economically and nutritionally and also offer the 
greatest potential for continuing development through 
aquaculture. In view of the importance of fisheries to the 
economy, the Mekong program included a basin-wide 
fisheries study, the first such comprehensive attempt to 
quantify the complex fisheries of the basin (MBFS, 1976). 
While by no means representing a complete assessment 
of the basin fisheries, the study furnished sufficient hard 
data to provide the basis for basin water resource planning 
at this stage of the Mekong program. 

In general, the fishery gains in the new reservoirs and 
from downstream aquaculture can both compensate 
eventual losses and, with good management, result in a 
large net increase in fish production both on a regional 
basis and from locality to locality. The Mekong program 
therefore focused on (i) achieving optimal production of 
desirable species from reservoirs, and management of the 
reservoir fisheries to ensure optimal socioeconomic gains 
(such management would include licensing of fishers, 
establishment of fishers’ associations, and facilitating 
provision of infrastructure, such as storage and marketing 
facilities); and (ii) developing the most appropriate 
technologies for construction and operation of aquaculture 
systems, including improvements in fish food supplies and 
developing the apparently lucrative aquaculture potential 
of brackishwater delta areas.

5. the agricultural development Model of the  
 Mekong Committee

In 1958, a mission from the Food and Agriculture 
Organization of the United Nations (FAO) led by G.H. Bacon 
was assigned to study the available basic data related to 
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the agricultural, fisheries, and forest production of the lower 
Mekong Basin, with special reference to the potential for 
water resources development. The mission was asked to 
determine the scope and nature of the further investigations 
that would be necessary to provide integrated knowledge 
of the agricultural resources of the basin, and to indicate 
how these resources could be best utilized in the light of 
the anticipated development of the water resources of the 
lower Mekong Basin. Their recommendations included: 
compiling data on climate, soils, and natural vegetation; 
studying fertilizer requirements, fisheries, salinity, current 
land use, development of forest industries, irrigation, and 
hydrology; establishing a set of experimental stations 
and pioneer agricultural projects; and training students in 
agricultural fields in foreign countries (FAO, 1959).

In 1961, the Ford Foundation sponsored a team invited 
by the Mekong Committee to study economic and social 
aspects of lower Mekong development (White et al., 1962). 
In the field of agriculture, they recommended that (a) a 
team of agricultural experts be organized to assess water 
management as a means of agricultural development; (b) 
an area of 3,000 to 5,000 cultivated hectares be established 
as a comprehensive demonstration project where the full 
impacts of lower Mekong management on rural life could 
be observed (this was essentially a pioneer agricultural 
project); (c) studies be conducted on opportunities for 
fish cultivation in ponds, reservoirs, and natural lakes; (d) 
prospects be assessed for marketing of rice and other 
potential agricultural products from irrigation, flood-control, 
and drainage projects; (e) maps of soils, water balance, 
and vegetation types be compiled from already existing 
material; and (f) land capability, land use, forest cover, 
and settlement patterns be inventoried by aerial photo 
interpretation. These sound like standard approaches 
today, but they were innovative 50 years ago.

These two reports were designed to form the early 
conceptual background for the agricultural work of the 
Mekong Committee. This was followed in January 1969 
by a request from the Mekong Committee to FAO and the 
United Nations Development Programme (UNDP) to carry 
out a review of the experimental and demonstration work on 
irrigated agriculture initiated by the Committee on the basis 
of the Bacon and White recommendations. The joint FAO/
UNDP mission was also asked to recommend guidelines 
for long-term planning of agricultural development in the 
basin (UNDP, 1969).

In July and August 1969, the joint mission visited the four 
riparian countries, finding that the work of the agricultural 

stations sponsored by the Mekong Committee was not 
sufficiently well coordinated and the research projects 
were not clearly related to each other; nor were the results 
of the studies and research being made available for 
application and use. The stations were found to differ in 
stages of development, in operational arrangements within 
the governments, and in the adequacy of their budgets. 
While as a whole they were considered to constitute a 
good beginning, their work needed to be strengthened 
and related to the other research and experimental work 
carried out in the basin.

The mission recommended that the Mekong Committee 
should expand to include an Agricultural Division within 
its Secretariat and an Agriculture Sub-Committee of the 
Mekong Committee be established, the latter consisting 
of the four directors-general of the agriculture ministries 
of the riparian governments. This would ensure that 
cooperation would not only cover the stations and related 
works of the Mekong Committee, but would also include 
all similar undertakings of the riparian governments for 
agriculture research, demonstration, extension, training, 
agricultural planning, and institution-building relevant to 
the Mekong program. The report also called for equitable 
and wide distribution of benefits among the people of the 
four countries concerned. 

The program subsequently developed by the Agriculture 
Division followed the basic concepts presented by the 
review teams. With the recent important breakthroughs 
in agricultural research, particularly in the development of 
new high-yielding varieties requiring modern techniques 
in the use of fertilizers, herbicides, pesticides, and water 
control, Mekong development became even more critical 
to the future of agriculture in the countries of the basin. The 
Mekong Agricultural Research Program was designed to 
create the basis for a strategy of development that would 
ensure the quickest possible realization of the benefits 
of water control provided by the various infrastructure 
projects that were being constructed.

The program advocated that plans for the development of 
agriculture in the basin should not be limited to irrigation 
with full water control but should encompass all patterns 
of cropping from dry farming to irrigation by gravity with 
full water control, with numerous intermediate solutions 
such as irrigation with partial water control, drainage only, 
pumping groundwater, and pumping directly from the 
mainstream or tributaries. Watershed management with 
improved shifting cultivation would also be included in the 
development program.
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The results of these studies would help the basin 
governments in planning their country development plans. 
The experimental programs of the individual stations, their 
locations, and their relation to other stations in the basin, 
should not be limited by currently envisaged projects, 
or indeed to any immediate program. Circumstances 
and conditions in the basin were certain to change over 
time, and the experimental stations were geared to help 
agricultural practices evolve with the changing conditions. 

The combined research, experimentation, demonstration, 
extension, and institution building was woven into the 
work of the Mekong countries and dispersed throughout 
the basin in order to take account of differing soil and 
moisture conditions, crops, and cultural patterns. This was 
the purpose of the pioneer projects, which represented 
an intermediate step between the demonstration area 
and full project development. The scope would vary, but 
in principle the size of a pioneer project should not be 
broader than required to represent an economic unit where 
all factors and their interactions could be tested on a “real-
world” scale.

In conclusion, the agricultural development model adopted 
by the Mekong Committee was based on three major 
consecutive steps: agricultural experimentation and 
demonstration; pioneer agriculture project; and full project 
development. Some introductory aspects of each of these 
steps are discussed below, with further details available in 
Van Liere and McNeely (2005).

6. the role of agricultural research 

Farmers have always been innovators. Traditionally, 
innovation has been a slow but sure process based on 
long-term knowledge of local environmental conditions and 
on a judicious balance between needs and resources. The 
industrial revolution brought new pressures for increased 
agricultural production, through the factors of exploding 
human population and accelerated demand for crops for 
exports, stimulated by newly-accessible markets and the 
creation of newly perceived needs. The traditional process 
of slow but sure innovation was unable to respond very 
well to the needs of modern agriculture. The inability of 
traditional technology to meet increasing needs tended to 
set the stage for accelerated clearing of new land (often 
unsuitable for permanent agriculture) and the reduction of 
the fallow periods. This “extractive agriculture” inevitably 
led to rapid depletion of potentially renewable natural 
resources.

Thus it was necessary to call on modern agricultural 
research, based on rigorous scientific techniques and a 
worldwide fund of information and assistance. However, 
whether it is used as a means of accelerating the traditional 
process of innovation or as a tool for the introduction of 
exotic technology, agricultural research has often met 
resistance from the traditional farmers. The effect of such 
resistance is not always negative—it often eliminates 
technologies that do not bring decisive and certain 
improvement to the farmer. The resistance was based 
on numerous constraints, including financial, economic, 
and technical problems (growing calendar, crops, water 
control, etc.), and even the simple matter of taste. Mekong 
Committee research did not ignore any of these aspects 
of the farmer’s life, but attempted to integrate innovations 
into the traditional cultural framework.

Agricultural research, taken in a very general sense, 
was thus a starting point for all development projects, for 
efforts to halt the destruction of renewable resources, and 
for the introduction of new, more productive technology. 
While new varieties of maize and soybeans gave excellent 
results, the situation was different with rice, which had 
been cultivated for centuries in the region where the twin 
forces of selection by humans and by nature have resulted 
in varieties well adapted to the local conditions. Mekong 
Committee research showed that only in the Mekong Delta 
have the imported hybrid varieties found the necessary 
conditions to express their potential: control of water, 
subsidies that permit the use of fertilizers, and strong 
demographic pressure.

The introduction of agricultural machines had some impact 
in the basin; such machines included tractors, pumps, and 
small hand tractors with attachments. Tractors were typically 
owned by entrepreneurs who rented their machines and 
services to farmers on a contract basis per unit of land 
plowed (often to be paid after harvest); tractors were also 
used for local transport of agricultural produce, shelling 
corn, and many other farmyard tasks that significantly 
reduced the labor of the individual farmer. Improved hand 
tools were also developed at some of the research stations, 
but relatively few examples of new equipment adopted by 
farmers have resulted from research in the basin. 

Livestock research was another generally neglected field, 
possibly because milk and beef have not been important in 
the traditional diet of most basin residents. While the wild 
cattle of the basin (gaur, banteng, and kouprey, the last 
mentioned probably now extinct) are massive, handsome 
beasts, domestic cattle tend to be rather scrawny, with little 
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meat or milk (being used mostly as draft animals). Private 
investment in ranching in Thailand was not yet profitable 
because of difficulty in developing an appropriate diet for 
breeds that are optimal for basin conditions; marketing 
has also been a serious problem. However, much of the 
basin area seems appropriate for grazing, so research 
and development of suitable grasses and legumes were 
expected to be greatly expanded in the future.

The Mekong Committee concluded that research had 
been a profitable activity in spite of all of its insufficiencies. 
However, this is neither wholly reassuring nor satisfactory. 
The first steps were usually the easiest and most profitable, 
as in the case with varietal selection, while breeding 
involves much greater effort and is rarely followed by 
rapid success. Research was thus expected to become 
increasingly costly, and would be justified only if it led 
to significant results. The ample potential for increased 
impact was suggested by the yawning gap between yields 
in the research stations and on the farmer’s fields, and 
new research methodologies subsequently accelerated 
levels of production.

The best way to communicate research results to farmers 
is through an intermediate level, where a working model 
is designed to deal with the actual physical, economic, 
environmental, and organizational problems likely to be 
encountered in the implementation of full-scale agricultural 
development projects. The Mekong Committee therefore 
established a system of such models in the lower Mekong 
Basin, called “pioneer agriculture projects.” 

7. Pioneer agriculture Projects

The Mekong Committee’s vision of developing the water 
resources of the lower Mekong Basin included the irrigation 
of extensive areas of land. Although the basin farmers 
had for centuries practiced forms of agriculture based on 
sophisticated use of monsoon rains, they had very limited 
experience with modern irrigation. To help solve this 
problem, the pioneer agriculture projects were designed 
to remove many of the constraints that prevented the 
effective implementation of irrigation. Under this program, 
one or more pioneer projects was established in each of the 
riparian countries, including representation of all the major 
soil types and cropping patterns found in the lower basin. 
 
The Bacon and White reports in the 1960s set the stage for 
the pioneer projects, but several more years of continuing 
efforts were required before the pioneer projects finally 

became established. In July 1967, a joint committee of 
representatives from the governments of the Lao PDR 
and Thailand and the Mekong Secretariat reviewed 
research requirements. One of the relevant conclusions 
of this committee reads: “The Committee urges that a pilot 
irrigation scheme, in the magnitude of 10,000-20,000 ha, 
be centered in one of the newly constructed irrigation 
systems in northeast Thailand to consider all aspects of 
irrigated agriculture. Attention should be given to such 
key factors as farm size, land clearing and development 
methods and costs, marketing, farm credit, farmer inputs 
in crop production cycle, potential of developing agri-
business activities, and farmer education processes; 
further recommends that development channels of 
governmental, quasi-governmental and commercial 
nature be exploited to achieve maximum success in the 
shortest possible time.”

In January 1968, the Mekong Committee approved the 
general aims of large-scale pioneer projects It decided 
that “A pioneer project is the first sector of development 
in a large-scale irrigation scheme. Several thousand 
families are involved in each such project; these pioneer 
families should receive whatever assistance is necessary. 
The main function of a pioneer project is to build up the 
necessary organization for the efficient management and 
maintenance of the larger developments that are to follow.”

The selection of this first pioneer project in northeastern 
Thailand was made in January 1969, at a meeting held 
at Khon Kaen, under the chairmanship of Dr Boonrod 
Binson, Member of the Mekong Committee for Thailand, 
with representatives from all government agencies 
concerned as well as the Mekong Secretariat. The project 
selected at this meeting (Nong Wai) was prepared by the 
Asian Development Bank (ADB). The general terms of 
reference of the project covered four main fields, irrigation, 
technical and scientific aspects of agriculture, the farmer, 
and marketing.

A review of the Mekong program undertaken by the World 
Bank in 1970 concluded that the Committee’s pioneer 
agricultural programming was an undertaking worthy of 
being pursued and that a good many advantages might 
be obtained from a concerted program for pioneer projects 
in the context of Mekong development, instead of by a 
country-by-country approach. Advantages included
 • greater momentum of development and with  
  more efficient means, such as better training  
  programs, transfer of experience to all four riparian  
  countries, more efficient use of development  
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  assistance (e.g., personnel and contracts), and  
  fewer constraints on participation by riparian country  
  personnel;
 • greater appeal to the four riparian countries and  
  effective interest in the individual pilot projects,  
  particularly when associated with development of  
  large scale projects; and
 • greater appeal to cooperating donor countries  
  interested in agricultural development of the Mekong  
  and that have expressed on many occasions the  
  priority they attach to pilot projects.

Encouraged by the initial discussion with the World Bank, 
the Mekong Committee formulated the scope and objectives 
of a comprehensive Pioneer Agriculture Projects program 
in 1971. The Committee then submitted a request to UNDP 
for assistance in the detailed preparation of the agriculture 
pioneer project program for the lower Mekong Basin. 
Subsequently, it was agreed that part of the studies provided 
for in the Plan of Operation would be delegated to the ADB 
with the World Bank retaining the overall responsibility for 
the program. The agreement provided for participation by 
ADB in all consultations relevant to the program.

The pioneer projects program by 1977 included 11 
projects in addition to those prepared earlier (Nong Wai 
in northeastern Thailand by ADB). The planned pioneer 
projects program included
 • three projects to provide pump irrigation facilities  
  for riverbank areas in Cambodia, the Lao PDR,  
  and northeastern Thailand. The projects would  
  explore different infrastructural requirements for the  
  intensification and diversification of land use that  
  could eventually be applied to an estimated 500,000  
  ha of fertile levee soils on the Mekong and its  
  tributaries;
 • an irrigation rehabilitation project in Cambodia that  
  would restore and improve a gravity irrigation  
  scheme of about 30,000 ha that used the unregulated  
  flow of a tributary of the Great Lake;
 • a project that would develop staff, facilities, and  
  organizational framework for systematic  
  identification, adaptation, testing, and dissemination  
  of cultivation practices and seek technology  
  suited for the improvement of rainfed rice cultivation  
  in northeastern Thailand; 
 • a project in northeastern Thailand that would  
  improve irrigated agriculture in the command area  
  of three small reservoirs, giving special consideration  
  to the establishment of project organizations under  
  local control with farmer participation in operation  

  and maintenance of these minor irrigation works;  
  a viable mode of development for these three  
  reservoirs or “tanks” could form a model for a large  
  number of the existing tanks in northeastern Thailand  
  and might open up the possibility of further  
  developments of this type in other parts of the  
  Mekong basin;
 • a project in the coastal zone of the Mekong Delta  
  that would establish an integrated salinity control  
  system for a 50,000 ha area. The project would take  
  maximum advantage of existing embankments and  
  salinity control structures. Within this system, the  
  pioneer project would develop modes of system  
  operation to improve surface drainage in the wet  
  season and to extend the period in which freshwater  
  was available in the canals for irrigation by means of  
  low-lift pumps. The project would contribute to the  
  detailed formulation of larger-scale projects  
  designed to protect and improve an estimated 1  
  million ha in the saline coastal belt of the Mekong  
  Delta; and
 • a project in the flood zone of the Mekong Delta  
  that would promote low-lift pumping from existing  
  drainage and irrigation canals to introduce dry- 
  season cropping in a 30,000 ha area that was  
  primarily devoted to floating rice cultivation. The  
  project would test irrigation techniques and on-farm  
  developments likely to be relevant for the  
  intensification of land use in the flood zone of the  
  delta, which comprises about 300,000 ha.

8. Conclusions

Agriculture in the lower Mekong basin is complex 
because of the wide diversity in climatic, soil, and water 
supply conditions, and because of the rapid technological 
changes that were taking place in many parts of the lower 
basin over the past several decades, including changes 
in agricultural methods and practices.

The innovative agricultural development model adopted 
by the Mekong Committee consisted of three major 
components. First, research on new and improved 
crops and techniques is conducted at experimental 
and demonstration stations. Second, the results of this 
research are applied to a full-scale project for testing under 
practical conditions in pioneer agriculture projects, which 
are essentially proposals for development strategies. 
Third, the new agricultural systems that were shown to 
be successful on a pioneer level would be applied to 
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appropriate areas in the lower Mekong Basin. The first 
two steps were begun by the Mekong Committee, but full 
project development was still in the future.

Other innovations by the Mekong Committee that have 
stood the test of time (although not always with full 
implementation) include
 • working at the watershed scale, including both  
  upland and lowland developments in the overall  
  plan and considering individual farms as part  
  of a larger landscape that included other land uses  
  as well (an approach that today is often called  
  “ecosystem management”);
 • including trees and forests as part of agricultural  
  development, thereby contributing to a healthy  
  supporting environment;
 • recognizing that conservation of forests can enhance  
  the value of downstream water resources  
  development, such that including protected  
  areas within large-scale plans could provide  
  significant benefits;
 • inclusion of adapting to changing conditions as part  
  of planning and development;
 • giving particular attention to locally available  
  resources, especially local knowledge of farmers  
  (who should be included as part of research teams); 
 • recognizing the importance of fisheries as part  
  of Mekong development (an issue that is of growing  
  importance as more dams are built or planned on  
  the mainstream);
 • planning for long-term sustainable development;  
  and
 • coordinating all forms of research that had impacts  
  on the development of the lower Mekong Basin,  
  thereby increasing efficiency and accelerating  
  innovation that used modern technologies.

In reviewing the work of the Mekong Committee from half a 
century ago, it is remarkable how many of the approaches 
that were then seen as innovations have now become 
part of the mainstream of development in the GMS. While 
much remains to be done, a solid foundation was laid by 
the Mekong Committee, including the basic elements of 
what has come to be known as “sustainable development.” 
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abstract

Food price trends over the last few years are contradicting 
decades of improved global food security and are especially 
threatening to the world’s poor. In the Greater Mekong 
Subregion (GMS), extensive rural poverty persists, 
making a dual contribution to food insecurity. Because 
the poor spend the majority of their income and effort 
on subsistence, food price uncertainty is a paramount 
livelihood risk. Secondly, smallholder farm production 
remains dominant in the GMS. For a variety of reasons, 
however, smallholder productivity and income potential 
remain well below their potential. This merely compounds 
food insecurity for both producers and consumers and 
denies the GMS a potent catalyst for poverty reduction 
and sustainable growth.

In this study, we review the state of knowledge regarding 
recent food price uncertainty, as well as the research 
literature on institutional and technological determinants 
of agricultural and food supply chain development. This 
background is then synthesized in a set of policy forecasts 
that assess opportunities for pro-poor agrofood promotion 
in the GMS. Our results show that the right combination 
of policies to facilitate market access, productivity growth, 
and more efficient regional investment patterns can deliver 
dramatically improved food security and livelihoods.

The main message of this research is straightforward. 
Across the GMS, and by extension across Asia, there 
are large disparities in market accessibility, agrofood 
productivity, and savings resources for enterprise 
development. Policies that overcome these disparities can 
strongly stimulating agrofood development in ways that 
are economywide and pro-poor, increasing rural incomes 
and lowering food costs for urban populations.

Investments in infrastructure and institutional reform 
can help remove the hard and soft barriers to greater 
market integration (agrofood and otherwise). Expanded 
agrofood research and extension services can accelerate 
regional agrofood productivity growth. Finally, more 
extensive regional capital allocation (via FDI) can shift 
underperforming investment resources (savings in higher 
income countries) to develop underperforming agrofood 
resources (in lower income countries and subnational 
localities). The result will be higher regional agrofood 
productivity, with higher commensurate returns to agrofood 
investment, and a strong pro-poor development stimulus. 
Poorest countries and areas have the most to gain in 
percentage terms because their resources have the lowest 
initial productivity and their domestic savings are lowest.

1. introduction

After two generations of rising global agricultural 
productivity and falling average food prices, the last five 
years have seen disturbing signs of reversal. Surging  
food prices in 2007-2008 drew attention to food security 
issues around the world and particularly in South and 
Southeast Asian economies. About half the world’s 
population, the poorest, have to commit about half their 
average incomes to food expenditure. This results in 
increased numbers of people experiencing nutrition 
vulnerability worldwide and worsened economic conditions 
in the poorest countries. 

These trends are of special significance to the Greater 
Mekong Subregion (GMS) for two reasons. Although it 
include some dynamic emerging economies, the GMS 
is still characterized by extensive rural poverty and 
consequent high vulnerability to food price risk. Just as 
importantly, however, the GMS countries have unrealized 
agrofood potential that is among the world’s highest. 
The region delineated by the Mekong River has great 
agricultural potential, BUT productivity of the smallholder 
farming population that dominates the area remains low. 
Moreover, poor infrastructure and institutional obstacles 
severely limit market access and agrofood supply chain 
development. 

If these barriers can be overcome, increased demand in 
higher income Asian economies and higher food prices 
could support much higher agrofood production in lower 
income GMS countries and subnational regions, where 
agriculture is the primary source of livelihood. Higher 
agrofood productivity and improved market access could 
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be potent catalysts for growth and poverty reduction, 
promoting sustained development and improved long-
term food security.

This report surveys the state of knowledge regarding 
emergent food price risk, and then presents a series of long 
term policy forecasts showing how improved institutional 
change and agricultural productivity growth can transform 
the GMS into a dynamic agrofood exporter. The following 
section gives a brief profile of each of the GMS economies 
in terms of agrofood security. Section III, the food crisis of 
2007-2008, reviews the literature on causes of high food 
prices and discusses the possibility of another such crisis. 
Section IV surveys the research literature on agricultural 
productivity and its linkage with economic growth and 
development. Section V presents long term forecasts of 
GMS agrofood growth and development. The final section 
concludes with some food-security scenarios.

2. agrofood Security, demand and Production:  
 overview from the gMS Perspective

Developing Asian economies were hit particularly hard 
by the 2007/2008 food price crisis. Sharp increases in 
rice and wheat prices threaten the food security of large 
segments of the population in developing Asian countries 
where large amounts of household income are allotted for 
food expenditure and rice and wheat represents a staple 
in the diet of the region. Faced with rice price increases in 
2008 due to a variety of factors certain exporting countries, 
most notably India and Viet Nam, imposed restrictions on 
rice exports thus limiting supply in the global marketplace 
and pushing prices upwards. Meanwhile, large importers, 
such as the Philippines, were left scrambling for steady 
rice supply to avoid domestic shortfalls. A similar situation 
occurred in the global market for wheat in 2010.

This section elucidates the food security and food 
commodity demand situation in the GMS economies. The 
People’s Republic of China (PRC), source of the Mekong’s 
headwaters, as the world’s most populous country, is also 
the world’s largest consumer and producer of agrofood 
products and thus holds the potential to greatly impact 
regional and global agrofood markets. Cambodia, Lao 
PDR, Thailand, and Viet Nam each host the Mekong, 
Myanmar is embedded in the same regional watershed, 
and all these countries have distinct sub-regional 
agricultural conditions. The six GMS members also share 
two important characteristics in the present context: 
high vulnerability to food price volatility and significant 

unrealized potential for agricultural productivity growth.  
We summarize these initial conditions in this section.

 2.1 People’s republic of China (PrC)

Fan and Bzeska (2010) discuss the rapid increases in 
productivity that PRC has achieved over the past several 
decades due in large part to “major policy changes 
and reforms”. From 1961 to 2004 production of maize, 
cotton, wheat and oilseed experienced average growth 
of 4 percent annually while rice production increased 2.8 
percent annually. Area under harvest increased very little, 
or even experienced negative growth, as in the case of 
wheat cultivation while crop yields grew indicating higher 
rates of agricultural productivity (Fan & Brzeska, 2010).

As of 2009 the PRC was able to meet over 95 percent 
of its demand for wheat, maize and rice with domestic 
production (ESCAP, 2009). Despite the PRC’s impressive 
agricultural productivity increases the country holds 25 
percent of the world’s population with only 7 percent of 
the world’s arable land (Jha et al., 2010). Rising incomes 
have resulted in an emerging middle class with increasing 
demand for agrofood products. For example, in the years 
from 1999-2009 Chinese consumption of milk and dairy 
rose more than 500 percent. Additionally, the country 
imports approximately 40 percent of global soybean 
production (ESCAP, 2009). 

If current trends continue it appears that demand in the 
PRC will outpace domestic production which presents 
an opportunity for producing countries to meet that 
demand and increase output. Growing demand for 
agrofood imports combined with experience of agricultural 
productivity enhancement gives the PRC the tools and 
incentive to engage in trade enhancement with promising 
trade partners. Investment in, and technology transfer 
to, agricultural supply chains in producing countries 
combined with tremendous market access may be a boon 
to agricultural production in the region.

 2.2 Cambodia

GDP growth in Cambodia has been strong in recent years 
averaging 9 percent growth annually before the 2009 global 
downturn (ADB, 2009a). In 2009 the economy contracted 
by 2 percent (ADB, 2009a). Despite the robust economic 
growth Cambodia remains a poor country with more than 
25 percent of the population living on less than US$1.25 
per day as of 2007 (ADB, 2009a). The UN Development 
Program ranked Cambodia 131 of 177 countries placing 
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it among the poorest countries in the world (ADB, 2009e).
Cambodia was hit much harder than Lao PDR by the 2007-
2008 food crisis with the prices of rice and fertilizer doubling 
within a year while meat and fish prices rose a reported 30 
to 60 percent (ADB, 2009e). The HLTF (2009b) estimates 
that the food price rises triggered an increase in the number 
of food-insecure people in the country by more than 50 
percent to 2.8 million people. The impact of food price 
rises is particularly acute in Cambodia were food accounts 
for 60 to 70 percent or rural household expenditures with 
rice alone accounting for 40 to 50 percent (HLTF, 2009b). 
The lack of storage capacity, inadequate transportation 
linkages and poor access to market information are major 
barriers to the improvement of agricultural yields and food 
security in the country (HLTF, 2009b).

In Cambodia, as in Lao PDR, approximately 80 percent 
of the population lives in rural areas (FAO, 2011a). Also 
like Lao PDR, Cambodia’s exports of maize have grown 
substantially over the last decade. In the early 2000s 
maize was not a significant export of the country and by 
2008 maize had become the primary commodity export 
by value, exporting more than 311,000 tonnes (FAO, 
2011c). Other major exports include rubber, palm oil and 
soybeans all of which are significant imports of the PRC 
(FAO, 2011c). In 2009 agricultural output expanded by 
approximately 4 percent with favorable rains cited as 
a primary cause (ADB, 2010). Aquaculture and marine 
fishing also increased substantially (ADB, 2010). The 
ADB estimates that in 2010 agricultural output will likely 
increase by approximately 4.7 percent (ADB, 2010).

Rainfed lowland rice is the primary crop in the country 
occupying approximately 69 percent of total cultivated area 
(Seng et al., 2010). Seng et al. (2010) explore the possibilities 
of improved agricultural management strategies including 
irrigation strategies and crop diversification to increase 
yields in those areas with emphasis on the possibilities of 
poverty reduction through increased yields.

 2.3 Lao Pdr

Food security is a concern in Lao PDR where the FAO 
estimates that approximately 19 percent of the population 
is undernourished (FAO, 2011b). Just under 80 percent of 
the population lives in rural areas (ADB, 2010). Although 
the country has experienced strong economic growth since 
1990 approximately one-third of the population remains 
below the national poverty line and as of 2002 44 percent 
of the population was living on less than US$1.25 per day 
(ADB, 2009a). According to World Bank data, although 

growing, GDP per capita in the country is US$940 (World 
Bank, 2011).

The UN System High Level Task Force for the Global 
Food Security Crisis (HLTF) reported in 2009 that impact 
of surging food prices of 2007-2008 was less severe in Lao 
PDR than in other countries in the region (HLTF, 2009c). 
The primary staple food in the country, domestic sticky rice, 
is not imported and thus less vulnerable to international 
price fluctuations. However other factors have contributed 
to rice price rises in the country such as severe flooding, a 
major outbreak of pests, US dollar inflation and rising fuel 
prices. Therefore, despite the barrier from the impact of 
global food prices the poorest segments of the population 
remain extremely vulnerable to domestic price fluctuations 
(HTLF, 2009c). 

Within Lao PDR agriculture accounts for approximately 
one-third of GDP while employing over 70 percent of the 
workforce (ADB, 2010). ADB (2010) reported that in 2009 
the agricultural sector grew by an estimated 2.3 percent. 
Increasing demand in the PRC may offer opportunities 
to Lao PDR to ramp up agricultural production. Such 
demand has already resulted in a sharp rise in feed-maize 
exports destined to the PRC (World Bank, 2008). Maize 
and coffee are the two primary export commodities of the 
country (FAO, 2011c). Maize exports in particular have 
grown rapidly over the last decade rising from less than 
1000 tonnes in 2000 to more than 126,000 tonnes in 2008 
valued at more than US$14 million (FAO, 2011c). 

Millar and Viengxay (2008) find that Lao PDR is in a 
favorable position to capitalize on rising demand for meat 
in neighboring countries, particularly PRC. The authors 
note that livestock plays a major role in the economies of 
rural communities and increased livestock production and 
demand for livestock products may significantly contribute 
to poverty alleviation in the country. For detailed discussion 
of this issue see Millar and Viengxay (2008).

 2.4 Myanmar

Among GMS economies, the Union of Myanmar has the 
largest share of agriculture in GDP, comprising about 40% 
according to independent estimates (World Bank, 2011), 
as well as the highest population share of low-income 
smallholders, of all the GMS countries. Although Myanmar 
is classified by it’s government as a food surplus economy4, 
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sixteen percent of its 51 million population, or a total of 
7.8 million individuals, suffer from undernourishment (last 
recorded 2007, down from 13.5 million in 2001, FAO, 2011). 
Moreover, subsistence production remains the dominant 
pattern of agriculture in the country. All these attributes 
make Myanmar a leading candidate for agriculture and 
food oriented development strategy.

The institutions and infrastructure needed for pro-
poor agricultural promotion, as well as the facilitating 
mechanisms for larger scale agrofood supply chain 
development, are at the early stages of development 
in Myanmar. This fact, combined with historically high 
capacity for rice production and evidence of substantial 
unexploited agricultural potential, imply that the country 
could become an important contributor to regional 
food security and strongly support its own livelihoods 
improvement in the process.

 2.5 thailand

With an average per capita GDP of US$3,893 Thailand 
has a much more robust economy than other countries 
in the region such as Cambodia, Lao PDR, Viet Nam and 
Myanmar while a far smaller segment of the population 
(8.5 percent) lives beneath the national poverty line (ADB, 
2009c; World Bank, 2011). Impressive growth in Thailand 
has contributed to decreases in the number of people 
undernourished in the country falling from 30 percent in 
1990-1992 to 17 percent in 2003-2005 (ESCAP, 2009). 
The drought-prone area of northeastern Thailand presents 
a challenge for national food security (ESCAP, 2009). In 
2010 According to an FAO GIEWS report a large area in 
northern, central and eastern regions were affected by 
insufficient rainfall and rice crops were below normal (FAO, 
2010).

As the world’s largest exporter of rice, Thailand experienced 
a positive impact to its terms of trade in the face of rising 
food prices (Headey, 2010). However, such price rises 
have the result of increasing farm incomes while adversely 
affecting the poor in non-farming sectors (FAO, 2010). 

Agricultural production in Thailand contracted by 0.6 
percent in 2009 due to price declines from the 2008 
highs and pest infestations (ADB, 2010). Meanwhile, the 
country experienced sharp declines in manufactured and 
agricultural exports (ADB, 2010). It is expected that this 
trend will reverse as global demand and food prices rise 
again. Food insecurity in Thailand remains less acute in 
comparison with its Southeast Asian neighbors. The FAO 

(2010) noted that the food security situation in Thailand 
was “satisfactory” as of March 2010.

 2.6 Viet nam

Export restrictions imposed by Viet Nam are widely 
believed to have played a significant role in the surging of 
world rice prices during the 2007-2008 food crisis (Headey, 
2010). Viet Nam is the second largest exporter of rice 
and therefore such export restrictions can have a major 
impact on world markets. According to the ADB (2010) the 
agricultural sector (including forestry and fisheries) in Viet 
Nam grew in 2009 by a weaker than normal rate of 1.8 
percent, however increased external demand is expected 
to increase growth in agriculture and manufacturing in 
2010 and 2011.

The food security situation in Viet Nam has improved 
dramatically over the past two decades. In 1990-
1992 approximately 31 percent of the population was 
undernourished, a figure that fell to 14 percent by 2005 
(ESCAP, 2009). GDP growth has averaged 7.1 percent 
between 1990 and 2009 and per capita GDP has grown 
from US$631 in 2005 to US$1,032 in 2009 (ADB, 
2009d; World Bank, 2011). Incoming FDI has also risen 
dramatically in recent years which ranged from US$1.3 
billion to US$1.8 billion in the 2002-2006 time period 
and reached US$9.3 billion in 2008. Despite this robust 
growth 21.5 percent of the population still lived on less than 
US$1.25/day in 2006 (ADB, 2009d).

3. Price Volatility and Food Security in the  
 gMS

 3.1 Summary of the 2007-2008 Food Crisis

Beginning in 2007 and peaking in mid-2008, food prices 
skyrocketed worldwide (see Figure 1). Many factors 
contributed to the price rise: Many countries’ cereal stocks 
were depleted, causing increased demand for current 
production, biofuel’s emergence, and the declining value 
of the dollar. However, policies also played a critical role 
in reinforcing adverse market conditions, which became 
significantly worse as major rice exporting countries began 
imposing restrictions on exports in an effort to control 
domestic rice prices. Countries that imposed export bans 
or other restrictions include Viet Nam, India, PRC, Egypt, 
and Cambodia (USDA, 2008). Thailand floated the idea 
of forming a rice cartel. Export restrictions also triggered 
“distress buying” (i.e. accelerated import contracts) by 
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Figure 1: Food Price index and Cereal Prices 2001-2011
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importing countries such as the Philippines, creating a 
“perfect storm” for soaring rice prices, which eventually 
peaked at over US$1,000/ton in April of 2008 (Brahmbhatt 
& Christiaensen, 2008).  

Global demand for food has been increasing steadily for 
decades (see ESCAP, 2009 for historical details). One 
reason for sustained robust growth in demand for cereals 
has been increasing incomes in many countries in the 
Asia-Pacific region. With rising incomes many in the region 
are eating more meat, which requires escalating amounts 
of grain-fed livestock. “On a world average, each kilo of 
beef requires eight kilos of grain” (ESCAP, 2009).

Food production outpaced demand growth, causing a 
generation-long downward trend in food prices until the 
2000s, when this trend reversed as production growth  
began to lag behind rising demand. World stocks of cereals 
began to seriously erode as consumption outpaced 
production for multiple years from 1999 into the early 2000s. 
During this time, world stocks of wheat, maize, and rice 
fell by 31 percent, 59 percent and 50 percent respectively 
resulting in the lowest level of worldwide cereal stocks 
in 30 years. This historical market transition instigated a 
new upward trend in food prices at the beginning of the 
last decade.

Source: Food and Agriculture Organization of  the United Nations Statistics. http://www.fao.org (accessed 13 December 2011)

In addition to a lag in production, a sharp increase in 
global demand for grains was augmented by a rise in 
demand for biofuel which Brahmbhatt and Christiaensen 
(2008) claim contributed significantly to increases in grain 
prices. Governments around the world have encouraged 
production and use of biofuels due to concerns regarding 
oil prices, energy security and climate change. Increased 
demand for biofuel crops (maize, soybeans and palm oil) 
led to land use changes and reduced planting of wheat 
which resulted in depletion of world wheat stocks and 
sharp increases in world wheat prices (Brahmbhatt & 
Christiaensen, 2008). Increasing use of land for biofuel 
production, combined with increasing energy-intensity of 
agriculture and the use of natural gas as a primary input 
for fertilizer production has caused food prices to become 
increasingly linked to the prices of oil and gas. 

Food price increases were 9 percent in 2006, 23 percent 
in 2007 and 51 percent “between January-June 2007 
and January-June 2008” (ESCAP, 2009). The most 
rapid increases of late 2007 and January-April of 2008 
were largely due to export restrictions of rice exporting 
countries. In September of 2007 Viet Nam, the second-
largest rice exporter placed a partial ban on new sales. 
India, the third-largest exporter, followed with an imposed 
minimum export price in October. In December, PRC, a 
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mid-level exporter imposed a tax on rice exports. At the 
height of the crisis in March of 2008 Viet Nam, India, Egypt 
and Cambodia all imposed or re-imposed bans on rice 
exports (USDA, 2008). 

This combination of export restrictions had a massive 
impact on world rice prices. Imposing export restrictions 
or export taxes may be a first response of a food-exporting 
country facing a rapid increase in food prices. The purpose 
of such policy is to control domestic rice prices and 
 secure domestic rice supply. This may benefit domestic 
consumers however it will adversely affect domestic 
producers and consumers in food-importing countries and 
more broadly it can have an adverse impact on regional 
and global food security. This also creates a “domino 
effect” provoking other exporters to follow and importers 
to accelerate orders (“distress buying”) (Brahmbhatt & 
Christiaensen, 2008).

High prices benefit the terms of trade of countries that 
export agricultural products and improve trade balances of 
such countries as was seen in Thailand. However, groups 
such as the rural landless and urban poor are negatively 
impacted by such price rises. In some countries, even 
farmers enjoyed relatively little benefit, much of the scarcity 
premium on cereals being captured by intermediaries. The 
poorest half of the world’s population spends about half its 
household income on food, which makes them extremely 
vulnerable to food prices increases. During the 2007-2008 
crisis such high prices contributed to “social turbulence or 
even food riots in over 30 countries.

 3.2 recent research on Food Prices

Literature regarding the causes of the 2007/2008 food 
price crisis is now quite extensive, and interpretations of 
the causes of food price volatility are diverse, sometimes 
contradictory, and even contentious. Without advocating 
a specific perspective, we briefly review the analysis and 
evidence available to date.

Trostle (2008) and Abbott et al. (2008) survey the 2007/2008 
food price crisis citing various factors contributing to 
sudden price escalation. Such factors include slow 
production growth concurrent with rapidly growing 
demand, biofuel production, adverse weather conditions 
of 2006 and 2007, the declining value of the dollar, rising 
energy prices, increasing costs of production in agriculture 
and policies imposed during periods of high food prices by 
exporting and importing countries to counter domestic food 
price inflation. Other comprehensive reviews include ADB 

(2008a), ADB (2008b), Heady and Fan (2008), Piesse and 
Thirtle (2009) and Von Braun (2008).

Timmer (2010) provides a review of the food price spike 
with particular focus on Asia and rice prices, noting 
the cyclical character of these crises. Focusing on rice 
prices and the impact this had on Asian markets Timmer 
asserts that “[p]anicked hoarding caused the rice price 
spike.” Timmer (2009) offers an analytical model that 
could be implemented for determination of short-run rice 
prices. The author finds that using representative price 
elasticities (-0.1 for demand and 0.05 for supply) a “sudden 
and unexpected” 25 percent increase in global short-run 
demand for rice requires a 167 percent price rise to reach 
a new equilibrium.

In addition, Timmer (2010) discusses the work of Gardner 
(1979) that found price crises to occur roughly every three 
decades and notes that the 2007/2008 crisis follows 35 
years after the 1972/1973 crisis, thus following very 
closely Gardener’s observations of the cyclical nature of 
such events. Timmer argues that instead of focusing on 
short-term price signals policy must be oriented toward 
“stabilizing production around long-run consumption 
trends” and offers various suggestions for achieving such 
an objective. 

First, investment in agricultural technology and productivity 
must take into account long-run consumption trends and 
notes that food prices “do not always send the right signals 
about investing in agriculture”, a subject explored in 
greater depth in Timmer (1995). In addition, he argues for 
the increase of food grain reserves during times of surplus 
and the release of such reserves when prices rise. Timmer 
points to various studies that have illustrated problems 
with this approach, in particular when such a reserve 
is managed by an international agency (Newbery and 
Stiglitz, 1981; Williams and Wright, 1991; Wright 2009), 
and thus argues that such reserves are best managed 
on a national basis which other research has shown 
to be a more viable approach to stabilizing food prices 
(Rashid et al., 2008; Timmer, 1996). Finally, recognizing 
the impact that the increase of biofuel production has on 
demand for agricultural products the author suggests that 
government discourage the use of food to make biofuel 
rather than subsidies and mandating of biofuel production 
that contributes to increased food prices.

There has been considerable disagreement over the role 
of biofuels as a driving factor of food price increases. 
Mitchell (2008) concluded that an increase in biofuel 
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production was the most significant factor contributing 
to food price increases between January 2002 and June 
2008. The author purports that without such increase 
in demand for biofuel “global wheat and maize stocks 
would not have declined appreciably” nor would land use 
changes in wheat exporting countries favoring oilseed 
production have occurred to such an extent both of which 
contributed significantly to food price increases. The 
author finds that 70-75 percent of food price increases 
over this period is a result of biofuel production “and the 
related consequences of low grain stocks, large land use 
shifts, speculative activity and export bans.” Mitchell points 
to various other studies that support the notion that biofuel 
production has been a primary driver of rising food prices 
such as Collins (2008). Conversely, one study by Mueller 
et al. (2011) finds that the role of biofuels in food price 
increases is very modest and points to other factors that 
contribute more significantly to such price rises. Such 
factors include increased energy prices, export policy 
changes, the declining value of the dollar, and lagging 
production in the face of increased global demand leading 
to diminished worldwide grain stocks.

Heady (2010) explores the role that trade events played 
in food price rises. The author provides a trade-based 
explanation of the crisis emphasizing the role that supply 
and demand shocks played in the 2007/2008 crisis. 
Contrary to studies such as Robles and Cooke (2009) and 
Timmer (2010), Heady finds that such supply and demand 
shocks do fully account for the rapid increase in food prices 
experienced during the crisis.

The work of Esmaeili and Shokoohhi (2011) elucidates the 
effect that oil prices have on food price indices. Through 
the application of a principal component analysis (PCA) 
model the authors find that crude oil prices indirectly affect 
food prices. Additionally, the authors reference other recent 
works that have contributed to the understanding of this 
relationship including Abdel and Arshad (2008), Chen et al.  
(2010), Gohin and Chantret (2010), Srinivasan (2009), 
Tokgoz (2009), and Zhang et al. (2010).

According a study by Brahmbhatt & Christiaensen (2008) 
rising energy and fertilizer costs and the decline in value 
of the dollar have contributed to some 35 percent of 
food price rise. Higher fuel costs to supply agricultural 
machinery, irrigation system and transport increase the 
cost of agricultural production, as does the increase price 
of fertilizers in whose production energy is a major input. 
Other studies have claimed that decline in the value of the 
dollar increases dollar commodity prices with an elasticity 

of 0.5 to 1.0 (Baffles, 1997; Brahmbhatt & Christiaensen, 
2008).

Looking to the future Abbott et al. (2009) discusses food 
price volatility in the context of a global recovery from 
the recession. The authors note that it is likely that high 
food prices may return as the global economy recovers. 
Specifically, inflation, oil price rises and a decline in the 
value of the dollar have the potential to reemerge along 
with a recovery providing conditions that may make further 
food price increases likely. 

 3.3 Short term risks of another Food Crisis in  
   the region

Food prices eased as the global economy slowed into 
recession in 2008 and by early 2009 prices were back 
down to levels of 2006 (in real terms) (ESCAP, 2009). 
However, it is widely speculated that as the global economy 
comes out of recession, oil and food prices are likely to 
rise again. The final quarter of 2010 and January 2011 
have already seen rapidly rising food prices (see Figure 
1). Escalation across the year has been a norm in recent 
years (except for unwinding in 2008). While 2011 began at 
very high levels and food prices subsided thereafter, they 
have remained stable and higher than the levels observed 
one year ago (Figure 2). Moreover, trends in the last year 
have been sharply higher than the first half of the decade 
across most major staples (Figure 3).

The current global wheat outlook does not appear to be 
favorable. Sustained export bans in Russia, last year’s 
flooding in Canada, and drought conditions in PRC may 
converge to put considerable upward pressure on global 
wheat prices. Such concerns were articulated in a recent 
FAO (2011e) GIEWS Special Alert. Low precipitation in 
the major wheat producing areas of PRC has endangered 
the potential harvest and the impact could be devastating. 
If PRC is required to meet a significant proportion of its 
domestic needs with imports the demand shock to the 
world market will be felt worldwide.

 3.4 Long-term risks to Food Security

Although agrofood prices over the last decade have 
exhibited volatility for a variety of reasons, long term global 
capacity to meet nutritional needs will be determined 
by more fundamental issues. Among these, the most 
prominent are population growth, technological change, 
and the capacity of the natural resource base to sustain 
food production in concert with demand growth. As  
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Source: Food and Agriculture Organization of  the United Nations Statistics. http://www.fao.org (accessed 13 December 2011)

Source: Food and Agriculture Organization of  the United Nations Statistics. http://www.fao.org (accessed 13 December 2011)

Figure 2: Monthly real Food Price index by year
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Figure 4: total World grain and oilseeds 
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Figure 4 makes clear, our historic successes in this regard 
have come from a stable resource base and ever rising 
agricultural yields. 

As Figure 4 indicates, the world managed its food security 
with relatively modest annual productivity increases, 
averaging 2-2.3 percent per annum since the 1970s. 
Whether or not this will be sufficient for the future depends 
on several factors. The first of these will be population 
growth, which is slowing globally, but at varying speeds 
(Table 1). If humankind can moderate its growth to total 
about 9 billion people, this growth will have converged 
to about 1% per annum. In this case, food production 
for today’s diets could be sustained with historical yield 
growth. However, large emerging economies are rapidly 
changing their food consumption patterns, in particular 
shifting toward meat and specialty crops. These agrofood 
products are much more resource intensive, and if such 
trends are to be sustained much higher yield growth may 
be required. This the main threat to food security from 
the demand side is not really the standards Malthusian 
challenge of population but changing taste and rising 
purchasing power.

On the supply side, long term threats to food security 
are dominated by climate factors, particularly water 

availability and attendant risks that can be expected from 
rising average global temperatures. The leading global 
climate models have somewhat divergent views regarding 
temperature and precipitation trends (Figures 5 and 6), yet 
conclusions regarding global agricultural yields are more 
harmonious because of the prominence of the so-called 
CO2 fertilization effect. Generally speaking, temperature 
and precipitation trends will induce shifting of agricultural 
capacity, mainly from equatorial to polar latitudes. 
Increased CO2 concentrations, however, will have a more 
uniform and positive yield effect, moderating local adverse 
consequences and amplifying benefits.

As Table 2 shows, despite significant estimated changes 
in temperature and rainfall patterns, increased CO2 

concentration will spontaneously contribute to agriculture 
yields in a way that significantly or in some cases fully 
offsets agricultural resource productivity declines. While 
these results give comfort to many who are concerned 
about the impact of climate change on global food security, 
it must be emphasized that the same research suggests 
that food prices will rise substantially during the same 
period, a predictable market response to animate needed 
resource shifting for adaptation in this sector.
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table 1: global Population
total population (millions)

2000 2010 2020 2030 2040 2050
North America 306 337 367 392 413 430
Europe & Russia 752 762 766 761 748 729
Pacific OECD 150 153 152 148 142 135
Africa, sub-Saharan 655 842 1,056 1,281 1,509 1,723
Latin America 505 574 638 689 725 744
Middle East & North Africa 303 370 442 511 575 629
Asia, East 1,402 1,500 1,584 1,633 1,630 1,596
Asia, South/South East 1,765 2,056 2,328 2,553 2,723 2,839
Rest of World 210 233 249 262 272 280

Developed 1,141 1,177 1,202 1,211 1,210 1,198
Developing 4,696 5,417 6,132 6,758 7,257 7,627
Rest of World 210 233 249 262 272 280

World 6,047 6,827 7,582 8,231 8,739 9,105
Source: United Nations.

Figure 5: average annual temperature Change: 
2000-2050 (centigrade)

Figure 6: Change in average annual Precipitation: 
2000-2050 (mm)

Source: Nelson et. al. (2009). Source: Nelson et. al. (2009).

4. agrofood and gMS development

 4.1 agrofood Potential and its realization

The differential between actual, realized agricultural 
production and maximum potential agricultural output 
given available technology, current genetic material and 
proper management is referred to as the “yield gap”. 
Achieving maximum yields depends on many factors 
among which farmers ability to access seeds, water, 
nutrients, pest management, soils, biodiversity and 
knowledge is extremely important (Godfray et al., 2010). 

Increasing agricultural productivity in low-income countries 
thus narrowing the yield gap has the potential to greatly 
improve rural incomes and contribute to enhanced food 
security and therefore has been the focus of a significant 
amount of economic and scientific research.

Technical constraints often contribute to large yield gaps in 
low-income rural communities. Godfray et al. (2010) note 
that economic conditions may prevent food producers’ 
access to (1) “the technical knowledge and skills required to 
increase production”; (2) “the finances required to invest in 
higher production (e.g. irrigation, fertilizer, machinery, crop-
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table 2: impacts of Climate Change on Cereal Production, with and without Co2 Fertilization
Change in cereal production compared to the reference scenario (percent)

Hadley a2 CSiro a2
Hadley a2, without Co2 

fertilization
2020 2030 2050 2080 2020 2030 2050 2080 2020 2030 2050 2080

North America 1.9 -2.9 -2.9 -0.8 2.8 0.1 5.8 7.1 0.9 -3.9 -4.6 -4.8
Europe & Russia 0.8 2.0 1.8 1.5 0.5 1.7 1.0 3.1 0.1 1.0 0.1 -1.1
Pacific OECD -2.2 2.4 9.5 14.0 2.5 6.0 7.0 18.2 -1.8 2.8 9.3 13.6
Africa, sub -Saharan -1.3 0.3 -2.0 -2.5 -0.6 0.4 -2.9 -7.2 -0.9 0.6 -2.0 -2.2
Latin America 0.9 4.7 5.5 6.0 1.3 3.5 -0.7 0.9 1.3 5.0 6.4 8.0
Mid East & North Africa -0.5 0.7 1.1 -1.0 5.2 7.7 7.4 -1.0 -0.7 0.3 0.3 -2.2
Asia, East 0.1 0.7 2.0 -2.8 -2.2 -2.8 -3.4 -7.2 -0.6 -0.4 0.2 -5.3
Asia, South/Southeast -1.3 -1.3 -3.7 -12.2 -4.8 -5.9 -8.9 -12.8 -1.6 -1.9 -4.6 -13.2
Rest of World -1.6 -1.7 -3.1 -4.6 -2.4 -2.8 -3.4 -4.6 -2.6 -3.4 -6.1 -9.0

Developed 1.2 -0.7 -0.3 0.5 1.7 1.1 4.2 5.9 0.3 -1.7 -2.0 -2.8
Developing -0.3 0.7 0.2 -3.9 -1.8 -1.8 -4.2 -7.3 -0.6 0.2 -0.6 -4.9

World 0.3 0.1 -0.2 -2.2 -0.4 -0.6 -0.8 -2.1 -0.3 -0.7 -1.4 -4.3
Source: Fischer (2009).

protection products, and soil-conservation measures)” or 
(3) “the crop and livestock varieties that maximize yields”. 
Additionally, after harvest or slaughter, food producers in 
low income communities may not have access to proper 
storage facilities or transportation infrastructure connecting 
them to markets (Godfray et al., 2010).

In Neumann et al. (2010) the authors undertake a 
spatial analysis of global grain production. The authors 
estimate global yield gaps by applying a stochastic frontier 
production function. Closing the yield gap is widely referred 
to as “intensification”. Lambin et al. (2001) define three 
discrete triggers of the intensification process: (1) land 
scarcity, (2) investment in agriculture, and (3) intervention 
of government, inter-governmental or non-governmental 
organizations (NGO) initiatives to encourage development. 
However practical achievement of intensification is highly 
complex and defining specific measures to facilitate 
increased agricultural production is highly site-specific 
(Godfray et al., 2010).

According to some estimates, in parts of Southeast Asia 
where adequate irrigation is available “average maximum 
climate-adjusted rice yields are 8.5 metric tons per hectare, 
yet the average actually achieved yields are 60 percent of 
this figure” while “similar yield gaps are found in rain-fed 
wheat in central Asia” (Cassman, 1999; Godfray et al., 
2010). Despite seemingly large yield gaps in Asia significant 
progress has been made in agricultural productivity. In 
terms of per capita food production, Asia has increased 
approximately twofold, however when PRC is considered 
independently this has increased by a factor of nearly 3.5 

(Godfray et al., 2010). However, great potential remains 
for increasing intensification in the region.

Improving the use of nutrient inputs is a significant factor 
in increasing yields and closing yield gaps. Buresh (2010) 
discusses scientific principles that have resulted from 
over a decade of research with rice in Asia regarding site-
specific nutrient management. The author discusses how 
such principles enable determination of crop needs of pre-
season and within season crop needs of fertilizer nitrogen, 
phosphorus and potassium rates to ensure maximum yield 
and sustainable soil fertility.

Irrigation is a vital component of agriculture production. In 
much of the developing world crop systems are rain-fed. 
Lobell et al. (2009) find that yields in most irrigated wheat, 
rice and maize cropping systems are generally near 80 
percent of potential while rain-fed systems are often at 50 
percent or less of potential. Investment in improved irrigation 
networks in low-income countries holds great potential for 
improvement of crop yields and thus greater agricultural 
productivity. Recent work of Alauddin and Quiggin (2008) 
emphasizes the need for a multi-faceted, comprehensive 
policy approach to intensification of agriculture in the 
developing world. Improved irrigation and intensification of 
agriculture has the potential to increase economic growth 
but environmental and ecological externalities must be 
assessed in order to achieve sustainable agriculture yields 
and economic growth.

Inadequate transport infrastructure and market access 
can raise the price of inputs and increase the price of 
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moving agricultural produce to markets, resulting in lower 
returns which may lessen or reverse economic incentives 
to increasing agricultural production (Godfray et al., 2010). 
Improvement of transport networks has the potential to 
greatly reduce the costs of agricultural production and if 
such outlets are available in many areas this will incentivize 
greater productivity.

 4.2 agriculture and development: recent 
   insights from the research Literature

Agriculture in developing countries accounts for an 
extremely large share of employment and GDP. Also in 
developing countries productivity in the agricultural sector is 
often quite low relative to other sectors. Therefore increasing 
the share of agricultural sector within the economy will not 
necessarily lead to economic improvement. If labor and 
capital are allocated to less productive activities this may 
be disadvantageous to overall economic performance. 
Beginning as far back as Adam Smith theories of sectoral 
transformation have recognized that economic growth is 
accompanied by a movement of labor and other resources 
into other activities, some so-called “agro-pessimists” 
argue that development assistance actually suffers from an 
overemphasis on agriculture (Gollin, 2010). Godray et al.  
(2010) argue that there exists a balance that must be 
weighed in “investing in overall economic growth as a spur 
to agriculture and focusing on investing in agriculture as a 
spur to economic growth”.

Whether or not increases in agricultural productivity will 
lead to economic growth is very important in decisions of 
develop-ment agencies in targeting assistance to low income 
countries. For instance, if output per worker is greater in 
nonagriculture sectors in a particular country, then movement 
of labor out of agriculture and into more productive activities 
can be a source of economic growth. This was the view held 
by early development literature such as the work of Lewis 
and others (Rosenstein-Rodan and Rostow) which held that 
industrialization was necessary for modern economic growth. 
Such views held that subsistence agriculture represented a 
pool of reserve labor while the challenge for development 
was to expand the modern industrial sector which would then 
absorb such workers (Gollin, 2010). 

A differing view in early development literature claimed 
that many low-income economies suffered from what T. W. 
Schultz referred to as the “food problem”. In such a situation 
a “critically” high proportion of household income is spent 
on food, a situation that he termed “high food drain”. Such 
a view holds that until a country can produce enough food 

products to satisfy its subsistence needs modern economic 
growth will not be possible (Gollin, 2010).

Not all economic theorists hold this view. There are many 
that have argued that increases in agricultural productivity 
can have a significant role in economic development. Dating 
back to the 1960s economists such as Mellor, Gardener and 
Johnston have developed models and theories indicating 
that increases in agricultural productivity may lead to more 
rapid economic development (Gollin, 2010). Mellor (1995, 
1996) building on theories in early development literature 
of T. W. Schultz argued that agricultural productivity growth 
lead to a linked set of positive development impacts. This 
“linked set of impacts” is described by Gollin (2010):
 • Increases in farm income and profitability, resulting  
  in improved welfare of farmers and the rural poor
 • Declining food prices, benefiting poor rural and  
  urban consumers, including small farmers who  
  might be net purchasers of food
 • Reductions in the nominal wage, consistent with  
  increases in the real wage, allowing the industrial  
  sector to reduce costs
 • Increases in the domestic demand for industrial  
  output
 • Increasing competitiveness of both agricultural and  
  industrial exports, with positive impact on hard  
  currency earnings
 • Expansion of the domestic industrial sector, pulling  
  labor and investment resources out of agriculture

As Gollin (2010) describes “the Mellor hypothesis” is a 
theory under which “agricultural productivity is necessarily 
the source of long-run economic growth”.

Fan (2002), Fan & Brzeska (2010) and Fan et al. (2004) 
discuss the impact of investment in various factors that 
lead to increases in agricultural productivity and the degree 
to which they have resulted in economic development. 
The factors discussed in this work include agriculture 
R&D, irrigation, education and rural development. Their 
results found that agriculture R&D had the largest impact 
on agricultural GDP growth.

Certain cross-section and panel data analyses which use 
various econometric techniques have been employed in 
recent research that have found significant correlation 
between increased agricultural productivity and economic 
development (Gollin, 2010). The recent work of Self and 
Grabowski (2007) uses such techniques and finds strong 
correlation between agricultural productivity rates and rises 
in per capita incomes and human development indexes (HDI).
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Other methods that have been employed in recent years 
to analyze relationships between agricultural productivity 
growth and economic development include computable 
general equilibrium (CGE) models, development 
accounting, growth accounting and productivity 
measurement. For more information on such research 
see Fan (2010), Gollin (2010) and Jha (2010).

Many authors have argued that trade liberalization is a 
major contributor to economic growth particularly in the 
agricultural sector (Anderson et al., 2005; Anderson & 
Martin, 2005; Bandara, 2007). The World Bank (2008) 
describes three main “types of instruments” that distort 
trade: (1) market access (i.e. import tariffs and quotas); 
(2) export subsidies; and (3) domestic support. Low-
income countries often “impose relatively high taxes on 
farmers in the export sector as an important source of 
fiscal revenue, while developed countries tend to heavily 
subsidize farmers…These differences often create a policy 
bias against the poor in both domestic and international 
markets” while such subsidies in developed countries have 
the effect of depressing agricultural output in developing 
countries (World Bank, 2008).

Agriculture has been greatly protected worldwide and has 
been a major issue in World Trade Organization (WTO) 
negotiations. In particular it was a primary issue under 
the Doha Development Agenda (DDA). Bandara (2007) 
estimates that global welfare gains of the Doha agricultural 
liberalization scenario would amount to approximately 
US$74.5 billion by 2015 with 44 percent of the gains 
(US$32.6 billion) being enjoyed by countries in the Asia-
Pacific region. However, the countries with the largest 
gains under this scenario are Thailand and high-income 
countries such as Japan, Republic of Korea, Taipei,China, 
Australia and New Zealand with very small gains or losses 
occurring in other countries. Thus, this alone does little to 
contribute to income convergence in the region. Alternative 
assessments of the benefits of agricultural trade policy 
under the DDA include Hertel and Keeney (2005) and 
Antimiani et al. (2005).

The PRC-ASEAN Free Trade Area went into effect on 
January 1: 2010. Covering an area with a population of 
1.9 billion people this is the largest free trade area in the 
world on a population basis and it is third only to the EU 
and NAFTA in terms of economic value (ASEAN, 2011). 
Trade is expected to increase in the region and regional 
integration may offer benefits of more efficient capital 
allocation and greater market access for lower income 
agrofood exports.  

5. Long-term Scenarios for gMS Food Security 

 5.1 Scenarios

After assessing food price risk and the state of knowledge 
regarding agrofood development, our next objective 
is to empirically evaluate the prospects for improving 
food security in the GMS. To do this, we consider three 
archetype scenarios, representing the leading policy 
challenges to lasting food security and prosperity. In 
particular, we consider three sources of greater efficiency 
and productivity for the region, namely, reduction in 
barriers to domestic and transboundary market access, 
higher R&D and increased FDI inflows.

Our empirical results were obtained with a global dynamic 
CGE mode, calibrated to the GTAP 8 database and a 
baseline macro time series reflecting a business-as-
usual (Baseline) scenario over 2010–2030.5 This Baseline 
comprises consensus forecasts for real GDP obtained 
from independent sources (e.g. International Monetary 
Fund, Data Resources International, and Cambridge 
Econometrics). The model is then run forward to meet 
these targets, making average capital productivity growth 
for each country and/or region endogenous. This calibration 
yields productivity growth that would be needed to attain 
the macro trajectories, and these are then held fixed in 
the model under other policy scenarios. Other exogenous 
macro forecasts could have been used and compared, but 
this is the standard way to calibrate these models.

  5.1.1. Facilitation of trade and Market access
Most agricultural households in rural Asia live behind real 
economic and institutional “walls” restricting domestic 
and transboundary market access. These include high 
transactions and transport costs, especially for low-income 
farmers, who are the overwhelming enterprise majority in 
rural areas. These logistical barriers are often compounded 
by infrastructure, institutional, and information constraints 
within and between GMS economies. As long as distribution 
margins remain high, low-income agro-food enterprises 
with relatively low value products will be prevented from 
accessing markets. Worse, they are trapped in this low 

5 This work represents an update of  an earlier analysis by the same authors 
(see. Jha et al: 2010). Results are congruent, but stronger in both magnitude 
and reliability (based on a new global data set, GTAP 8). Unfortunately, data 
on the Myanmar are not extensive or consistent enough to be incorporated 
into the GTAP database, so this country must be omitted from the current 
scenario analysis. It should be emphasized, however, the most of  the 
conclusions we obtain about pro-poor agrofood development would apply 
with equal or even greater force to this emerging economy.
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level equilibrium by insufficient savings and incentives 
to invest in higher value, marketable agrofood products 
like livestock and non-subsistence, specialty crops. By 
converse reasoning, lowering market access costs and 
related margins can enlarge the horizon of profitable trade 
for all, increasing commerce, capturing value added, and 
promoting self-directed poverty reduction.

  5.1.2. Productivity growth in agriculture and related  
    Food industries
Because of this region’s geographic diversity and substantial 
differences in stages of development, agricultural yields 
and productivity in livestock production vary tremendously 
across the GMS (compare global variation in Table 3). In 
most GMS economies, agrofood production is far below its 
ultimate potential. Because of relatively small-scale land 
tenure patterns, it is unlikely that rural households in these 
countries can achieve significant livelihood improvements 
unless output per hectare improves substantially, and 
migration trends imply that higher output per household 
member will also be essential to national food security. 

  5.1.3 Foreign direct investment
One of the defining characteristics of low-income 
economies everywhere is limited reserves of domestic 
saving, which in turn limits the progress of development by 
restricting investment in productive assets and enterprise 
expansion. The era of globalization has changed the 
nature of this constraint, however, with the advent of 

table 3: average annual growth of agricultural output
1970–1979 1980–1989 1990–1999 2000–2006

Sub-Saharan Africa 1.31 2.6 3.1 2.2
LatinAmerica and Caribbean 3.07 2.37 2.87 3.13
Brazil 3.83 3.73 3.29 4.41
Middle East and North Africa 2.94 3.37 2.73 2.34
Northeast Asia, High 2.15 1.03 -0.01 -0.01
Northeast Asia, Low 3.11 4.55 5.06 3.85
PRC 3.09 4.6 5.17 3.87
Southeast Asia 3.68 3.59 3.13 3.54
South Asia 2.56 3.39 3 2.19
India 2.69 3.52 2.94 2
North America 2.17 0.73 2.03 1.1
Oceania 1.79 1.25 2.93 -0.04
Western Europe 1.54 0.94 0.46 -0.35
Eastern Europe 1.8 0.25 -2.18 -0.19
Russian Federation 1.32 0.98 -4.62 2.7
Developing countries 2.82 3.46 3.64 3.09
Developed countries 1.88 0.86 1.21 0.39
Russian Fed. & Eastern Europe 1.47 0.77 -3.88 1.81
World 2.23 2.13 2.04 2.22
Source: United States Department of  Agriculture, World Bank.

transboundary or Foreign Direct Investment (FDI) that 
permits low-income countries to leverage foreign savings 
for domestic investment, technological change, and 
growth. To help low-income GMS economies achieve 
their economic potential in the timeliest fashion, FDI can 
be an essential catalyst. The same logic applies to rural 
poor enclaves within middle-income GMS economies. 
Savings disparities between urban and rural areas are 
only partially mediated by migrant remittances and public 
rural development schemes. Improving domestic market 
access and smallholder productivity could accelerate 
private investment from urban to rural areas, and from 
large to small agrofood enterprise development. 

Table 4 summarizes the three core scenarios – three 
external shock scenarios, followed by three scenarios 
representing structural change and/or policy adaptation. 
After detailed examination of baseline regional growth 
characteristics, these are thought to best represent the 
salient policy issues addressed in the present study.

 5.2 Macroeconomic results

In terms of overall economic impact, all three types of policy 
can contribute to GMS regional economic expansion, but 
in varying degrees. Table 5 summarizes our results for 
GDP growth, and we see substantial heterogeneity by both 
country and policy category. 
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table 4: generic Policy Scenarios
1. Infrastructure Investment and    
    Trade Facilitation (TTT):

Assume that investments and institutional changes effect a 50% reduction in trade, transport, 
and transit (TTT) margins for Asian countries. Meanwhile, Asia is also assumed to achieves 
abolition of nominal trade distortions (import taxes and subsidies) across the region. 

2. Agro-Food Productivity (AgProd): Assume that total factor productivity grows at 4% annually in agriculture and food processing 
sectors. Includes Scenario 4.

3. Foreign Direct Investment (FDI): In addition to Scenario 2, assume that, for DMC’s, the stock of FDI rises to at least 15% of 
GDP by 2030. Includes Scenario 5.

Notes: Scenarios are inclusive from 1-3. 
FDI = foreign direct investment

Generally speaking, these results are consistent with 
intuition and a large body of related work on regional trade, 
agrofood productivity, and investment. The most salient 
findings are summarized as follows:
 • Reduction in trade, transport, and tariff margins  
  (TTT) – As many studies of regional and global  
  trade liberalization have already demonstrated,  
  removing hard and soft institutional and price  
  barriers to trade would realize substantial efficiency  
  gains and increase regional incomes. The benefits  
  depend on two factors: prior protection/margin  
  levels, and export competitiveness. Many lower  
  income countries would see greater gains because  
  they face higher margins and trade barriers, yet they  
  have significant initial domestic cost advantages.  
  These results strongly support the argument that  
  GMS regional trade facilitation is Pareto improving  
  and promotes regional livelihoods convergence,  
  small in overall impact, but more positive for poorer  
  countries (Figure 7).
 • Agrofood Productivity Growth (AgProd) - Given  
  the importance of agrofood to incomes for most  
  of the GMS poor, where rural dwellers still  
  constitute a significant majority of total population, it  
  is hardly surprising that rising productivity for  

table 5: real gdP by dMC, Cumulative Percent Change 
2010-2030

ttt agProd Fdi
Cambodia 7% 27% 71%
PRC 1% 11% 24%
India 1% 15% 43%
Lao PDR 1% 59% 196%
Thailand 2% 17% 40%
Viet Nam 3% 22% 62%
Other DMC 1% 14% 41%
HiInc Asia 0% 2% 4%
Notes: In this and subsequent tables, countries/regions are listed in order 
of  increasing per capita income. Other DMC denotes the Rest of  ADB 
Developing Member Countries.
Source: Authors’ estimates.

  agrofood has a dramatic effect on regional real GDP.6  
  Because higher income countries are more  
  diversified and less impacted on the income side,  
  the aggregate impact is modest, but again we  
  see much larger benefits for lower income  
  economies. Even moderate productivity growth like  
  that specified in Scenario 5 would increase  
  cumulative GDP significantly in the GMS and  
  other DMCs.7 Here we also see a distinct Pareto  
  impact, improving real incomes across the region,  
  but most so among lower income economies.
 • Greater Asian Regional Foreign Direct Investment  
  (FDI) - More intensive and extensive use of FDI  
  within and across the GMS would sharply increase  
  long term growth prospects for the region. These  
  monies significantly increase real growth rates,  
  particularly in lower income countries, in most cases  
  more than doubling the benefit of agrofood  
  productivity growth. Overall, they contributed to  
  more than USD20 trillion in additional real GDP (Table  
  6). Clearly, regional allocation of investment  
  resources can be a dramatic catalyst for regional  
  agrofood productivity growth. The reason for this is  
  the joint regional disparities in productivity and  
  domestic savings. Re-allocating regional capital  
  would significantly increase average regional  
  yields, but most so in countries in lower income  
  countries with initial low productivity where domestic  
  savings are a serious constraint.

The next three tables (Tables 7-9) give more detailed 
macroeconomic results for combinations of the generic 
policy scenarios. Results from a composite scenario of 
external risks (energy and food prices), combined with a 
first set of policy responses (regional trade facilitation), 
presented in Table 7, show that such regional integration 

6 See Jha et al (2010) for more on this aspect of  growth, particularly its 
historical context.

7 China’s agrofood productivity was not increased in these scenarios 
because it is already at high growth rates in the baseline.
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Source: Authors’ estimates.

Figure 7: real gdP by dMC, Cumulative Percent Change 2010-2030
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table 6: real gdP by dMC, Cumulative 2010 uSd 
Billions: 2010-2030
ttt agProd Fdi

Cambodia 8 30 79
PRC 420 4,213 9,584
India 102 1,768 5,087
Lao PDR 0 23 76
Thailand 39 295 672
Viet Nam 23 157 439
Other DMC 81 1,346 3,947
HiInc Asia 79 1,148 1,789
Source: Authors’ estimates.

is a credible “first line of defense” in the sense that it 
benefits every member country and some significantly so. 
Indeed, real GDP benefits understate the gains to Asian 
households, more accurately reflected in the Equivalent 
Variation (EV) income effects of the last column. Although 
consumption prices (CPI) increase because of the  
adverse shocks, trade facilitation expands income 
opportunities to more than offset this. Significantly if not 
surprisingly, trade volumes increase sharply for member 
countries, further accelerating regional integration.

table 7: trade Liberalization and Margin reduction (ttt), Macroeconomic impacts 
(cumulative percent change: 2010-2030)

gdP output exports imports Cons CPi eV inc
Cambodia 4% 6% 11% 19% 13% 2% 16%
PRC 1% 1% 8% 11% 2% 2% 5%
India 0% 1% 9% 12% 2% 2% 5%
Lao PDR 0% 1% 5% 13% 5% 4% 10%
Thailand -2% 1% 3% 8% 8% 2% 11%
Viet Nam 1% 1% 9% 17% 13% 3% 17%
Other DMC 1% 1% 6% 11% 4% 2% 7%
Source: Authors’ estimates.

The second line of policy initiatives, promoting agrofood 
productivity growth, dramatically increases the benefits 
of a more liberal regional trading environment (Table 
8). Indeed, trade volume increases in many cases are 
multiplies of that under simple trade facilitation (TTT). This 
clearly underlines the need for complementary policies to 
reap the full benefits of regional integration, particularly 
in a sector like agrofood, which has strong intersectoral 
linkages and pro-poor multiplier effects. In terms of 
incomes, we see very strong stimulus to both GDP and 
EV income for lower income economies, logically as these 
are still comprised of agrarian majorities.

On the demand side, this scenario is particularly significant 
because it shows the reversal of consumer price effects 
in many low income countries. This finding reminds us 
that household real income depend critically on food 
prices. Livelihoods protection and promotion, it is clear 
from these results, begins at the foundation of basic needs 
for the poor, food. We are also reminded here that rural 
development can benefit the urban poor.
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table 8: ttt and agrofood Productivity growth (agProd), Macroeconomic impacts 
(cumulative percent change: 2010-2030)

gdP output exports imports Cons CPi eV inc
Cambodia 22% 21% 14% 25% 45% -4% 35%
PRC 10% 7% 1% 8% 19% -1% 17%
India 16% 11% 22% 20% 20% -4% 13%
Lao PDR 54% 53% 50% 39% 73% -7% 54%
Thailand 9% 12% 19% 15% 19% 2% 22%
Viet Nam 21% 14% 24% 27% 33% -1% 31%
Other DMC 15% 12% 16% 17% 19% -2% 16%
Source: Authors’ estimates.

Policy complementarity between more open trade and 
higher agrofood productivity is also further amplified by 
expanded investment opportunity, as it plainly evident in 
the FDI results. Here we see strong growth across the 
entire region and most so among lower income, more 
saving-constrained economies (Table 9). FDI is of course 
not merely an income transfer, but an agent for labor/
resource employment, technology transfer, and access 
to export opportunities. All three of these features act 
in synergy, especially where resources are relatively 
abundant and low cost. For this reason, reallocation of 
Asian financial reserves from lower growth, higher income 
economies can be expected to yield higher absolute 
returns, returns that can benefit both the investors and 
those in the destination countries. It remains an ironic fact 
that some of the destination countries of the last great race 
for emerging market investment (1990-2010) are now in a 
position to join the other side of this process, yet they have 
left large financial reserves at the starting gate. 

In any case, increasing the depth and scope of FDI should 
be a high priority for GMS policy makers, particularly in 
an era of global growth uncertainty. Taken together, Asian 
economies are no longer small relative to their historical 
destination markets, and it is not realistic to expect high 
growth rates via rapid expansion of domestic market 
share in slow growing OECD economies. For this reason, 
the GMS represents a logical source of investment 
diversification for itself not only for the usual portfolio risk 

table 9: ttt, agProd, and Fdi, Macroeconomic impacts 
(cumulative percent change: 2010-2030)

gdP output exports imports Cons CPi eV inc
Cambodia 64% 56% 23% 45% 99% -10% 67%
PRC 28% 19% -10% 21% 40% -4% 34%
India 49% 32% 38% 67% 53% -6% 40%
Lao PDR 186% 180% 122% 120% 222% -13% 147%
Thailand 28% 29% 50% 24% 28% 2% 31%
Viet Nam 67% 43% 62% 54% 62% -3% 53%
Other DMC 47% 34% 37% 41% 45% -4% 35%
Source: Authors’ estimates.

reduction benefits, but because the region represents 
most of the world’s superior national growth rates already.8

 5.3 Food Security

National policies in all countries are strongly influenced by 
the most basic forms of economic security, i.e. personal 
health, safety, and nutrition. In lower income countries, the 
risks associated with these basic needs are higher because 
a larger proportion of the population is economically 
vulnerable, not meeting basic needs, or worse. In countries 
with large poor urban populations, food vulnerability relates 
mainly to consumption goods, while for rural poor it affects 
income as well as consumption. We have seen above that 
the entire Asian region faces many uncertainties regarding 
food output and availability, and that there are many ways 
to measure the attendant risks. In this section we look at 
the long-term forecasts from this perspective.

We saw that trade facilitation, agrofood productivity 
growth, and greater FDI all have the potential to contribute 
substantially to GMS livelihoods. What they can do for food 
security is suggested first by the results of Table 10, which 
presents national changes in total agrofood output for each 
scenario and country/region analyzed. As above, we focus 
attention on the last three scenarios.

8 See Roland-Holst and Weiss (2004), Roland-Holst et al (2005), and 
Roland-Holst and Brooks (2007) for extensions of  these arguments.
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The impact of trade facilitation on national agrofood output 
is ambiguous, as would be expected from the logic of 
basic Ricardian theory. Although regional trade facilitation 
increases efficiency and thus induces higher aggregate 
income in all member countries, simply removing trade 
distortions has the effect of intensifying pre-existing patterns 
of comparative advantage. Thus countries with established 
and emerging competitiveness, and low resource cost 
in rural areas, will see resources pulled from agriculture 
toward light and heavy manufacturing. Even countries like 
Thailand, with high levels of agrofood industrialization, 
are more constrained by trade margins and tariffs against 
other industries. When these come down, the latter 
expand at the expense of agrofood. This threat to agrofood 
competitiveness has been a persistent controversy in trade 
agreements, particularly between (heavy agro-subsidy) 
North and South partners, for decades.

Agrofood’s loss of competitiveness is by no means 
inevitable, however, and the most constructive approach 
to realizing the aggregate gains from greater regional 
trade efficiency is to promote agrofood productivity growth 
as a complementary policy. When this is done (AgProd 
scenario), our results indicate that the benefits are uniformly 
positive across the region (Figure 9). In particular, even 
moderate productivity growth (4%/annum) is enough to 
reverse large adverse effects and achieve over 30% higher 
cumulative agrofood output in some countries by 2030. 

The intuition behind this process is simple. Higher farm 
productivity not only keeps domestic agrofood production 

Source: Authors’ estimates.

table 10: agrofood output by dMC, Cumulative Percent 
Change 2010-2030

ttt agProd Fdi
Cambodia -1% 77% 261%
PRC -1% 47% 108%
India -1% 57% 153%
Lao PDR 0% 93% 306%
Thailand 13% 103% 238%
Viet Nam 7% 133% 360%
Other DMC 3% 83% 200%

HiInc Asia 0% 27% 35%
Source: Authors’ estimates.

competitive, but it enables the release of labor resources 
to other sectors stimulated by trade facilitation, creating 
a win-win growth setting for both rural and urban sectors. 
Finally, higher levels of FDI consolidate these gains in both 
sectors, improving national efficiency, further raising labor 
productivity and real wages.

As discussion of adjustment mechanisms suggests, the 
primary agrofood benefits in these scenarios relate to more 
efficient recruitment of relatively low wage and low price 
resources in the rural sectors of low-income countries. This 
logic has a corollary that the policies should be pro-poor 
across GMS countries. We discuss the concept of regional 
economic convergence in a later section, but for the present 
consider Figure 10, which plots percent change in agrofood 
output against per capita income for the AgProd Scenario. 
Although outcomes vary for reasons other than average 
income levels, there is a clear downward trend in these 
national results, particularly when weighted by population.

Figure 9: agrofood output Changes, cumulative percentage: 2010-2030
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Source: Authors’ estimates.
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Figure 10: Changes in agrofood output resulting from Productivity growth 
(cumulative percent: 2010-2030)

 5.4 asian regional economic Convergence

Since the policy response scenarios considered here have 
far reaching growth, income, and institutional implications, 
it is reasonable to ask how they relate to regional 
convergence in the GMS and across Asia. Generally 
speaking, this is an important long-term ADB policy 
priority. It can be interpreted generally to mean that lower 
income countries should experience higher growth rates, 
enabling them to improve livelihoods faster and narrowing 
the degree of inter-country inequality across the region. 

The results in Figure 11 give direct perspective on the issue 
of convergence, showing percent changes in real income 

per capita over 2010-2030 as a result of the composite 
Scenario 3 (FDI). Against an x-variable of per capita baseline 
income, there is a clear pro-poor benefit to this combination 
of policy approaches. When account is taken of the size of 
the countries involved, it is even more obvious that promoting 
GMS and broader Asian regional integration, in concert with 
agrofood productivity growth and greater regional FDI, will 
contribute to higher growth rates for poorer countries. 

6. Conclusions

As the emergence of Asian economies continues, with 
attendant rising incomes and demographic transition, 

Figure 11: Change in Per Capita real income, Fdi Scenario

Source: Authors’ estimates.
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food security will become an ever more important issue. 
Moreover, most regional economies continue to face the 
challenge of extensive rural poverty, and economic growth 
presents the risk of dualism if these populations are left 
behind. The Greater Mekong Subregion (GMS) is typical of 
this growth dilemma, but it also suggests a solution that we 
examine in this report. Across the GMS (and indeed across 
Asia), there are large disparities in market accessibility, 
agrofood productivity, and savings resources for enterprise 
development. Policies that overcome these disparities can 
strongly stimulating agrofood development in ways that 
are economywide and pro-poor, increasing rural incomes 
and lowering food costs for urban populations.

In this study, we review the fundamentals of recent food 
price insecurity and agrofood potential, then carry out an 
empirical assessment of policies for more sustainable 
agrofood development in the GMS region. Our general 
findings suggest three promising areas of policy emphasis. 
Investments in infrastructure and institutional reform 
can help remove the hard and soft barriers to greater 
market integration (agrofood and otherwise). Expanded 
agrofood research and extension services can accelerate 
regional agrofood productivity growth. Finally, more 
extensive regional capital allocation (via FDI) can shift 
underperforming investment resources (savings in higher 
income countries) to develop underperforming agrofood 
resources (in lower income countries and subnational 
localities). The result will be higher regional agrofood 
productivity, with higher commensurate returns to agrofood 
investment, and a strong pro-poor development stimulus. 
Poorest countries and areas have the most to gain in 
percentage terms because their resources have the lowest 
initial productivity and their domestic savings are lowest.

These results have many detailed lessons at the national 
and sector level, but a few salient conclusions emerge:
 • Reduction in trade, transport, and tariff margins  
  would realize substantial efficiency gains and  
  increase regional incomes. The benefits depend  
  on two factors: prior protection/margin levels, and  
  export competitiveness. These results strongly  
  support the argument that GMS (as well as larger  
  Asian) integration is Pareto improving and promotes  
  regional livelihoods.
 • Given the importance of agrofood to incomes of  
  most of Asia’s poor, where rural dwellers still  
  constitute a significant majority of total population,  
  it is hardly surprising that rising productivity for  
  agrofood has a dramatic positive effect on regional  
  real GDP. Even moderate (~4% annual) productivity  

  growth like that specified in our scenarios would  
  increase cumulative GDP by double digit  
  percentages in most DMCs. Again we see a Pareto  
  impact, improving real incomes across the entire  
  region, but most so among lower income economies. 
 • More intensive and extensive use of FDI within  
  Asia would significantly increase long term growth  
  in the region. These monies significantly increased  
  real growth rates, particularly in lower income  
  DMCs, in some cases doubling the benefit of  
  agrofood productivity growth. The results show  
  clearly that more efficient regional allocation of  
  investment resources can be a potent catalysis  
  for growth, particularly in lower income countries  
  where domestic savings are a serious constraint.

Finally, we see strong complementarity between the 
policies considered, and generally very beneficial effects on 
two primary policy objectives – food security and economic 
convergence. The evidence from this study indicates that 
the GMS’s vast reserves of food potential can be more fully 
utilized by policies that facilitate regional trade, agrofood 
productivity growth, and more extensive use of regional 
and international investment resources. These policies 
would significantly increase the region’s food output and 
availability, and they are also good for growth, good for 
every country, and even better for the poor.
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tHe Future oF gMS ForeStry 
in tHe Context oF 
tHe Food-Water-energy nexuS

 J.S. Broadhead; B. Damen; 
P.B. Durst and C.L. Brown1

of production of goods and services from forests while 
safeguarding forests and forest dependent people against 
negative impacts and implementing policy that helps to 
account for the non-market values of forests.  Increasing 
demands for agricultural production should in the mean time 
be directed towards wastelands and highly degraded forest 
areas and attention should be given to improving agricultural 
productivity and reducing post-harvest losses.  Additionally, 
increased use of bioenergy crops and exotic tree species in 
plantations should take into account increased water use and 
its impacts on stream flow and national water expenditure.

1. introduction

Forests in the Greater Mekong Subregion (GMS) provide 
wood and non-wood forest products and also contribute 
ecosystem services, such as biodiversity conservation, 
climate change mitigation, watershed protection, and 
recreational, cultural, and spiritual values. Many of the 
region’s poor rely on wood for heating and cooking needs 
while non-wood forest products provide food or may be 
traded in exchange for cash for food. A large proportion of 
the subregion’s poor live in forested areas; and the 2015 
target for attaining the Millennium Development Goal of 
halving poverty from 1990 levels is just around the corner. 

Myanmar has the largest area of forests among GMS 
countries, while the Lao People’s Democratic Republic 
(Lao PDR) has the highest proportion of forest cover as 
shown in Table 1. In the subregion as a whole, forest 
area is falling at –0.4% per annum, although this figure 
masks some countervailing trends among the constituent 
countries. In Viet Nam, forest area is increasing rapidly as 
a result of major public and private afforestation efforts. In 
Thailand, forest area is also increasing; while in Cambodia, 
Lao PDR and Myanmar, rapid deforestation is taking place. 

table 1: Forest area and rate of Change in Forest area in gMS Countries
Forest area 2010 

(‘000 ha)
Forest Cover 

(%)
annual Change in Forest area (%)

1990–2000 2000–2005 2005–2010
Cambodia 10,094 57 -1.1 -1.5 -1.2
Lao PDR 15,751 68 -0.5 -0.5 -0.5
Myanmar 31,773 48 -1.2 -0.9 -0.9
Thailand 18,972 37 -0.3 -0.1 0.1
Viet Nam 13,797 42 2.3 2.2 1.1
total 90,387 48 -0.5 -0.3 -0.4
Note: Table excludes the People’s Republic of  China
Source: FAO (2010).

1 FAO Regional Office for Asia and the Pacific, Bangkok, Thailand.

abstract

In general, the GMS experiences a significant level of 
undernourishment among its populations, a good supply of 
water in most areas, high energy import dependence, and 
low carbon efficiency per unit energy production (low use 
of renewables).  Forests in the GMS are being lost faster 
than they are being planted and as natural forests are lost, 
environmental services are being lost with them.  Growing 
demands for timber and agricultural commodities, including 
food and energy products, are likely to perpetuate these 
trends well into the future.  Assessment of the relative values 
of forest and non-forest land uses in relation to constraints 
inherent in the food-energy-water nexus can provide insight 
into challenges and opportunities for forests and forestry 
in the coming years.  In relation, loss of natural forests in 
the GMS will impinge on the livelihoods and food security 
of forest dependent poor and will reduce water related 
ecosystem services.  Forestry has the potential to provide 
energy feedstocks that compete less with food production, 
make greater use of rainfall available outside cropping 
seasons and more use of water present in deep soil layers 
than annual crops.  Values of forests in relation to bioenergy 
production may, however, not be realized without increased 
economic viability, which could come about through climate 
change related subsidies for low carbon energy sources or 
higher oil prices, or technological advances.  In this context, 
forestry agencies need to focus on increasing efficiency 
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Rates of change of forest area with respect to natural 
and planted forests also show considerable differences. 
While net forest area (including natural and planted 
forests) fell by 8.0 million hectares between 1990 an 2010, 
the area of natural forests fell by 12.7 million hectares 
in the GMS; planted forest establishment of 4.7 million 
hectares accounted for the difference between these two 
figures. The primary cause of deforestation is agricultural 
expansion for production of food and other agricultural 
commodities, both to supply expanding populations in the 
subregion and for export. 

By 2020, an additional 21 million people will join the 
subregion’s population, representing net growth of 
9.4%, taking the total population to 249 million people. 
At the same time the rural proportion of the population is 
expected to fall from 70% to 65% as people move to urban 
areas in search of employment opportunities. Economies 
are expected to grow rapidly and foreign direct investment 
in the subregion is likely to increase, including in rural 
sectors. Global demands for land and for agricultural 
commodities, including food and energy products, are 
set to increase further. Demands on forests, including for 
wood and timber, will continue to increase as populations 
and incomes grow, while at the same time demands for 
ecosystem services will continue to expand.

Forests and forestry intersect with the food-water-energy 
nexus at several points. For example, food is gathered 
in forest areas, often by poor rural dwellers; forests also 
help to maintain the quality of water essential for fisheries 
and agricultural production. Forests provide fuelwood and 
wood for charcoal production and potentially provide a 
sustainable and low carbon source of commercial energy. 
Trees generally differ from agricultural crops in that they 
often do not produce foodstuffs, but through more extensive 
rooting systems and their perennial nature can use more of 
the available water and produce greater volumes of biomass 
than annual, and less deep rooting, agricultural crops.

The nature of the food-energy-water nexus in the GMS 
differs, however, from that in more water limited areas of 
the world. In all except the dry zone of Myanmar, GMS total 
annual rainfall exceeds 1,000 mm and in large parts of the 
subregion exceeds 1,500 mm. In this context, the trade-
offs between food, energy, and water use/production are 
not acute and, in comparison with most agricultural crops, 
the higher levels of water use by trees and forests can be 
viewed as a benefit under certain circumstances. Greater 
use of annual precipitation means higher levels of biomass 
production. Trees and forests can help control flooding in 

small and medium-sized catchments during less extreme 
rainfall events (FAO, 2005). They can help desaturate soil, 
reducing landslide risk and also stabilize soil through deep 
and extensive rooting. In dryer catchments, trees can, 
however, lower water tables and reduce stream flow. This 
can be the case in particular with exotic species, which 
generally have higher levels of productivity and use more 
water.

While using more water than annual crops, forest 
production systems are, in general, less labor and energy 
intensive than agriculture. For example, fertilizer and 
pesticide/herbicide inputs are lower and tending operations 
are generally confined to planting, thinning, and harvesting 
on a cycle of 5 years or more. With rising energy prices, 
forest products prices should therefore be less affected 
than those of agricultural products. Although lower labour 
requirements may constitute an advantage with rural 
labour markets becoming increasingly constrained in the 
context of expanding industrial and service sectors in 
the region, forests are also generally located away from 
urban centres/areas of high energy demand and beyond 
zones that are optimal for agricultural production. While 
reduced competition with crop production still constitutes 
an advantage, distance from markets also reflects the 
lower comparative value of forest products.

With growing interest in the role of forests in climate change 
mitigation, continued availability of funds from a post-Kyoto 
replacement for the Clean Development Mechanism, and 
growing interest in afforestation and reforestation in the 
region, forests may be set to play a greater role in moving 
the region towards a green development path, including in 
relation to energy production. The forestry sector must be 
cognizant of changing demands in determining potential 
impacts and trade-offs and position itself for the coming 
challenges. Other sectors and decision makers must be 
made aware of the benefits forestry can offer. 

The following sections look more specifically at forests and 
forestry in the context of food, energy, and water and the 
interactions between the three elements.

2. Food

Forests provide sources of food for rural GMS populations, 
particularly outside cropping seasons, and non-wood 
forest products are also often traded to pay for food. Forest 
dwellers are usually most dependent for subsistence 
livelihoods, but commercial production also supports 

The Future of GMS Forestry in the Context of 
the Food-Water-Energy Nexus
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collectors and processors and provides food and other 
goods for the subregion. Although dependence on forests 
is often associated with poverty, forests have a proven role 
as safety nets in times of hardship. 

In the current context of expansion of industrial and 
commercial agriculture in the subregion, poor rural 
populations often lose access to food from forest areas 
as clearance takes place. Villagers may also be displaced 
from the land and, if revenues or goods are not available 
from the replacement production systems, landlessness 
and poverty may result. Additionally, displacement and 
migration of populations into remaining forest areas 
may occur, often resulting in deforestation and forest 
degradation.

GMS countries have a high level of rice sufficiency and 
imports play only a minor role in national consumption. 
Thailand and Viet Nam are significant exporters as shown 
in Table 2. Considering the level of rice ‘sufficiency’ 
at the national level, however, the prevalence of 
undernourishment2 in the GMS is high at 15%. Looking at 
individual countries, rates are highest in Cambodia and 
the Lao PDR, where incomes are lowest and forest cover 
highest.

Between 1997 and 2007, rates of agricultural expansion 
were highest in the Lao PDR, Myanmar, and Cambodia. A 
large absolute increase in agricultural land area was also 
seen in Viet Nam, while a small reduction was reported 
in Thailand. 

Trends in agricultural expansion in the subregion largely 
result from cultivation of a relatively small number of 
agricultural products, mostly cash crops (Stibig et al., 

table 2: rice Production and trade, 2008, and undernourishment, 2005–2007, in gMS Countries
Production imports exports undernourishment

(tonnes) (% of population)
Cambodia 7,175 470 7,574 5,001 22
Lao PDR 2,927 140 22,350 23
Myanmar 32,573 000 81,000 42,801 16
Thailand 31,650 600 13,633 10,216,049 16
Viet Nam 38,725 100 683 4,735,170 11
total 113,051 310 125,240 14,999,021 15
Note: Table excludes the People’s Republic of  China.
Source: FAO.

2 The status of  persons, whose food intake regularly provides less than  
their minimum energy requirements.

2007). In Cambodia, the Lao PDR, Myanmar, and the 
highlands of Viet Nam the production of rubber, cashew 
nuts, coconut and sugar cane, and of cacao, coffee, and 
tea in highland areas has been a major cause of forest 
conversion. Changes in coastal zones in Myanmar, 
Thailand, and Viet Nam have taken place as a result of 
demand for land for shrimp ponds and agriculture, and 
mangrove forests have been lost as a result. Large areas 
of forest have been cleared for rice farming in upper Bago 
Division and around Nay Pyi Taw. 

Although the recent expansion has generated revenues, 
the direct contribution to undernourishment and energy 
production have been minimal while forests have been 
cleared. In the context of rising global food prices and 
increasing levels of foreign direct investment, further 
conversion of forests in areas with agricultural potential 
is likely to be seen but it is not clear if this will contribute 
directly to reductions in undernourishment or greater 
bioenergy production. 

To increase agricultural production, reduce malnourishment, 
and create surpluses for possible bioenergy applications, 
improvements in agricultural yields and reduction in 
postharvest losses will be necessary. One third of the food 
produced worldwide is not consumed and a significant 
amount of energy and water inputs are embedded in 
these losses. The potential to improve efficiency in food 
utilization and distribution is all too often overlooked 
while arguments for agricultural expansion, often at the 
expense of forest area, prevail. At the same time, avoiding 
clearance of valuable forest resources will be necessary 
to avoid attendant greenhouse gas emissions and loss of 
ecosystem services provided by forests.
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At present, national strategies may be more market- than 
policy-led, with countries focusing on high value products 
while importing energy and reducing undernourishment 
through market rather than subsistence means. With high 
levels of exports and high levels of undernourishment in 
some countries, however, review of current strategies 
should be considered.

It should also be considered that focus in the GMS for 
agricultural production may increase disproportionately in 
the coming years, given the availability of land and water 
in the subregion and that climate change impacts during 
the next 30 years are not expected to be as dramatic as 
those in many other global regions. In addition, changing 
tastes and the consumption of a larger proportion of meat 
in the diet are only likely to further escalate demand for 
agricultural expansion.

3. energy

Wood energy can take many forms and is involved in a 
range of different processes, including traditional woodfuel3 
consumption, use of wood residues (e.g., sawdust and 
other mill wastes), use of forest residues following logging; 
thinnings and woody material from forestry operations; 
wood chips from salvage operations; and wood from 
plantations grown specifically for energy. Until recent times, 
wood provided much of the subregion’s energy needs and 
in many areas wood remains a core cooking and heating 
material. Estimates based on GDP and population growth 
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Figure 1: Woodfuel Consumption in gMS countries, 
2000–2020

Source: Based on Broadhead et al. (2001)

show that in most GMS countries, per capita levels of 
wood energy consumption are falling as incomes rise and 
alternative sources of energy become available (Figure 1). 

The forecasts shown do not, however, accurately reflect 
some of the factors influencing wood energy consumption 
in the GMS countries. For example, where access to 
alternative fuels is limited, such as in large parts of 
Myanmar, woodfuel consumption may remain at high 
levels. Woodfuel use may also remain high where it is 
cheaply and readily available. In Cambodia, for example, 
clearance of land for industrial agriculture and senescence 
of rubber plantations are providing wood that is being used 
extensively for commercial energy production. Future 
increases in woodfuel use as a renewable feedstock for 
modern bioenergy systems may also significantly alter the 
structure of woodfuel consumption and affect the trends 
shown in Box 1.

As traditional use of fuelwood and charcoal is considered 
undesirable due to inconvenience and health impacts, 
reduction in consumption is not seen as an issue even 
though carbon emissions associated with substitute fuels 
is often higher. The main impact of increasing demands for 
food, water and energy on traditional energy use is and will 
be through conversion of land where woodfuel is currently 
collected, with increased flows of woodfuel being a part of 
the conversion process. 

In the broader context of modern energy usage, climate 
change mitigation and energy import dependency, the 
role of wood energy is as yet poorly defined although the 
potential is considerable and implications in relation to the 
food-water-energy nexus are greater.

Wood energy, particularly the traditional burning of 
woodfuel for cooking and heating, continues to meet a 
substantial portion of energy demand in rural areas. In 
GMS countries, excluding the People’s Republic of China, 
combustible renewables and waste, including wood, is the 
largest single source of primary energy supply (Figure 2). 

Patterns of energy consumption in the GMS are changing, 
however, and energy use is increasingly dominated by 
fossil fuels including crude oil, coal, and natural gas. 
Proven fossil fuel reserves in the region are relatively 
small and unevenly distributed. As a result, imported fossil 
energy will play a significant role in meeting the region’s 
energy needs. In recent years, energy demand has been 
outpacing production to a greater and greater extent and 
this trend is set to continue (Figure 3).

3 Woodfuel refers collectively to fuelwood and wood for charcoal  
production.
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Box 1: Woodfuel and Biofuel use in Myanmar

Woodfuel is the most commonly used biofuel in Myanmar and consumption is dependent on availability of 
substitute fuels, standard of living, and climate. In northern and eastern parts of the country, households often 
use fuelwood for heating during the cold season. With respect to charcoal, mangroves in delta areas, especially 
in Ayeyarwady Division, have been major sources of production for many years and are under significant threat. 
Charcoal production is now restricted and substitute fuels are promoted to prevent deforestation. 

Estimates of past and future energy consumption by fuel type show a falling proportion of fuelwood and charcoal 
although total consumption is likely to increase by 14% as a result of population growth (see Table). 

To promote biodiesel as an alternative fuel, a 
large-scale campaign to plant Jatropha curcus 
was introduced in 2005. Other programs to reduce 
woodfuel consumption and deforestation have been 
implemented, including promotion of agri-waste 
briquettes, distribution of efficient stoves, household 
use of liquefied petroleum gas (LPG), and natural gas 
for brick kilns and reintroduction of kerosene. The 2001 

Percentage energy Consumption by Fuel type, 1990–2020
type of fuel 1990 2000 2010 2020
Crude oil 6.7 8.0 8.0 9.0
Natural gas 3.9 4.5 6.0 10.0
Coal 0.3 0.4 0.8 1.0
Hydropower 1.7 6.0 9.0 13.0
Agricultural residues 3.3 4.5 6.8 9.0
Fuelwood/charcoal 84.1 76.6 69.4 58.0

National Forest Master Plan included targets of establishing 60,750 hectares of local wood supply plantations 
by 2010 followed by 48,600 hectares by 2020. However, funding constraints and low institutional capacity have 
hindered implementation. 

Source: Tun (2009).

Source: IEA (2009).
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The region’s dependence on imported energy sources 
varies by country. While Cambodia and Thailand are 
already heavily dependent on imported fossil energy 
sources, Myanmar and Viet Nam are net energy exporters 
due to considerable reserves of natural gas, and coal and 
crude oil, respectively. 

Growing demand for crude oil and oil products will be a 
key issue for the subregion in the medium-term due to 
increased vehicle ownership. Thailand’s and Viet Nam’s 
proven oil reserves are expected to be depleted within the 
next 12 years at current rates of production (IEA, 2009). 
At current rates of production, regional oil supplies have 
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to be supplemented with imported crude oil and refined 
product. This trend is expected to continue.

The growing dependence on imported oil products in the 
GMS mirrors trends in Southeast Asia. Across Association 
of Southeast Asian Nations (ASEAN) countries, 
dependence on imported oil is projected to grow from less 
than 30% of oil consumption in 2008 to over 70% in 2030. 

Despite recent fossil fuel price increases, these sources of 
energy are expected to remain cost competitive over the 
medium term in the absence of measures to internalize 
environmental costs in relation to, e.g., carbon emissions. 
Fossil energy also benefits from government support 
policies and extensive infrastructure and distribution 
networks. While some biomass-based energy production 
chains are already competitive at current energy prices, 
many require additional support.

As a result, the extent to which wood energy will contribute 
to future energy production is likely to depend on several 
factors, including
 • the competitiveness of wood-based energy in  
  reaching the objectives of energy related policies  
  (including strategic and climate change related  
  objectives); 
 • the costs and benefits of wood-energy related  
  systems in economic, social, and environmental  
  terms; and 
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Figure 3: total energy Production and use in gMS countries, 
excluding the People’s republic of China and the Lao Pdr, 1971–2008

 • policy and institutional issues that provide the  
  framework within which forestry acts. 

The potential of any bioenergy strategy will also be highly 
influenced by local context, including: location relative 
to supply and demand; infrastructure, climate and soil; 
land and labor availability; and social and governance 
structures (FAO, 2008). 

Most governments in the GMS region have developed 
or are developing bioenergy policies in conjunction with 
broader support for renewable energy (Table 3). Diversifying 
liquid fuel supplies to reduce spending on oil imports is 
providing the main impetus and policies are being generally 
implemented through national mandates and targets for 
biofuel production for the transportation sector.

Without appropriate safeguards and in the absence of 
growth in agricultural productivity, expanding production 
of biofuels in the region is likely to have negative impacts 
on forest resources. In terms of climate change mitigation, 
benefits resulting from reduced use of fossil fuels will 
take decades to offset emissions resulting from forest 
conversion. Biofuels have also been identified as one of a 
number of factors leading to recent high food prices. 

Second-generation biofuels produced from lignocellulosic 
biomass could provide greater greenhouse gas emissions 
benefits than existing bioenergy technologies and allow 
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table 3: Bioenergy Mandates and targets in Selected gMS Countries
Country Biofuels Mandates/targets Biomass Heat and Power targets

People’s Republic of China
E10 in nine provinces; 15 billion liters of biofuel 
consumption by 2020

30 gigawatts by 2020

Thailand
B3 & E10; 5 billion liters of biofuel production by 
2022

3,700 megawatts by 2022

Viet Nam 550 million liters of biofuel production by 2020
5% (30 gigawatts) renewable energy by 2020, 
including biomass

B3 is a fuel mix of  three percent biodiesel and 97 percent fossil diesel; E10 is a fuel mix of  10 percent ethanol and 90 percent fossil gasoline.
Source: REN21 (2011)

countries to employ woody biomass to meet growing 
demands for transport fuels. These fuels would also 
involve less competition for agricultural resources, such as 
land and water, than existing biofuel production systems. 
However, significant technological and financial challenges 
still remain. The most optimistic estimates anticipate that 
the commercial production of second-generation biofuels 
globally will not commence until at least 2020. 

The PRC and Thailand have incorporated support for 
research and development of second-generation biofuel 
technologies into national bioenergy policies. The 
presence of existing facilities and infrastructure will allow 
rapid adoption of these technologies as they become 
available. Limited financing and a lack of skilled labor and 
suitable infrastructure will, however, restrict the ability of 
other countries in the region to adopt similar strategies. 

The situation in the stationary heat and power sector is 
expected to be somewhat different. At the broader regional 
level, the International Energy Agency (IEA) estimates that 
Southeast Asia’s electricity generating capacity will need to 
grow from 138 gigawatts (GW) in 2007 to 381 GW in 2030. 
The availability of substantial agricultural and wood wastes 
in the subregion presents a significant opportunity to 
develop biomass power generation facilities and biomass-
based combined heat and power (CHP) operations. 

There are already a number of CHP operations in the 
subregion, most focusing on agricultural residues as 
feedstock. Agricultural residues offer great benefits 
because competition with food production is not an issue 
and current levels of usage are low. Similarly, further 
integration of wood energy into the regional heat and 
power generation sector will present a number of benefits.

The latest Intergovernmental Panel on Climate Change 
(IPCC) review of bioenergy research confirms that most 
bioenergy production chains have considerably lower 
greenhouse gas emissions than their fossil counterparts 
and that using modern wood-based bioenergy in heat and 

power generation is a more cost and land efficient way to 
reduce greenhouse gas emissions than producing biofuels 
for the transport sector. Forestry also has the potential to 
provide energy feedstocks while competing less with food 
production and making greater use of rainfall available 
outside cropping seasons and more use of water present 
in deep soil layers than annual crops. 

For wood to be a renewable source of energy, however, 
it cannot be associated with deforestation or forest 
degradation and realizing the carbon benefits and green 
credentials of woodfuel has proven to be difficult in a 
poor institutional environments where forests are poorly 
managed (FAO, 2008). Economies in the GMS are currently 
developing fast and several have high per caita levels of 
forest cover. Land is being cleared and wood is cheaply 
available but this supply is not sustainable. Considerations 
of potential impacts on natural forests and issues related to 
establishment of plantations would have to be considered 
in large-scale efforts to promote wood energy.

Additionally, to make a large impact on overall energy 
consumption, a huge quantity of wood would be required 
and water considerations may become important 
if afforestation of large areas of land with exotics is 
considered. This trade-off between the potential carbon 
benefits of wood energy and the water resources required 
needs further investigation and consideration.

4. Water

Forests are important in maintaining water quality and 
reducing erosion and landslides. They also have great 
political significance in relation to water and radical policy 
realignments have taken place across the Asia-Pacific 
region owing to the perceived importance of forests in 
controlling floods and droughts. In several cases, this has 
had important impacts on the livelihoods of upland farmers 
(FAO, 2001). 
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With climate change-related increases projected in the 
frequency of extreme rainfall events in the subregion, the 
importance of upland forests is set to increase in relation 
to erosion and landslide control. Reducing erosion is also 
of importance in relation to the proliferation of hydropower 
developments in the subregion. Stream sediments have 
deleterious effects on electricity generating equipment and 
also increase infilling of reservoirs.

In general, protection forests in the subregion are poorly 
managed. Major changes in forest policy in Thailand and 
Viet Nam have, however, focused attention on upland 
forests protection and regeneration. In the Lao PDR, major 
efforts are underway to protect forests in dam catchments 
and schemes to make payments from hydropower revenues 
for forest protection and community development have 
been piloted. In Viet Nam too, payments for ecosystem 
services (PES) have been piloted and national policies and 
legislation supporting PES have been developed. As climate 
in the region changes and hydropower developments go 
ahead, forests may become more important in relation to 
watershed protection. Some potential exists for impacts on 
the activities of upland farmers.

Despite these developments, schemes to establish 
payment mechanisms for watershed-related ecosystem 
services have not become widespread in the subregion. 
Past indications in Asia suggest that watershed-related 
services will be maintained through regulatory measures 
rather than payments for them and in this context it will 
be important to ensure that the livelihoods of upland 
populations are not adversely affected.

In relation to the wider food-energy-water nexus, key water 
issues associated with forests include not only watershed 
protection but also the level of water use by trees and 
forests in comparison with other land uses. Despite having 
been the stimulus for major changes in forest policy in 
various parts of the Asia-Pacific region, the role of forests 
in flood control is limited to small and medium intensity 
events (FAO, 2005). Forests have little effect on basin level 

flooding resulting from extreme rainfall events. At the same 
time, trees and forests have an important role in erosion 
and landslide prevention; the ability of trees to desaturate 
soils is an important part of the latter.

In this context, the implications of upland afforestation 
and reforestation on stream flows have been questioned 
in various parts of the world. Concerns over forest water 
use have been particularly strong in dry areas and also in 
parts of the PRC where large-scale upland afforestation 
has taken place in the last 20 years. 

With respect to water availability in the GMS, although 
dry areas do exist, Thailand and Chinese parts of the 
subregion do not experience significant water scarcity 
with less than 25% of water from rivers being withdrawn 
for human purposes (IWMI 2007). Outside the PRC and 
Thailand, the GMS experiences “economic water scarcity” 
in which “human, physical and financial capital limit access 
to water and although less than 25% of water from rivers 
is withdrawn for human purposes, malnutrition exists.” On 
the whole, however, per capita water availability in the 
GMS is greater than 5,000 cubic meters (m3) water per 
year - among the worlds highest. 

Increasing forest cover in the GMS is therefore unlikely 
to result in water scarcity, except in dry areas, particularly 
given that historic forest cover levels are much higher 
than those presently seen. Table 4 shows that the 
major catchments in the GMS region have often lost 
well over half their original forest cover. Relationships 
between forest cover and basin yields are, however, still 
not well understood and seasonal water scarcity may 
pose problems in light of greater demand for water for 
agriculture. Increased storage capacity is likely to be 
needed regardless of levels of forest cover. 

A key factor in any upland reforestation efforts will be 
the choice of species, with some water hungry exotics 
potentially reducing water flow more than indigenous and 
naturally regenerated forest.

table 4: Forest Cover and Forest Cover Change in Major Watersheds in gMS Countries 

Watershed
Current Forest Cover 

(%)
Loss of original Forest Cover 

(%)
Mekong 41.5 69.2
Hong (Red River) 43.2 80.0
Salween 72.3 43.4
Ayeyarwady 56.2 60.9
Chao Phraya 77.3 35.4
Source: Earthtrends - Watersheds of  the world. http://earthtrends.wri.org/maps_spatial/watersheds/asiaocea.php

The Future of GMS Forestry in the Context of 
the Food-Water-Energy Nexus



206

Balancing Economic Growth and Environmental Sustainability

5. Synthesis

In general, the GMS experiences some undernourishment 
among its population, while having a good supply of water 
in most areas, high energy import dependence, and low 
carbon efficiency per unit energy production (low use of 
renewables). In this context, the main constraints related 
to the GMS food-water-energy nexus that are likely 
to impinge on forestry are competition for land for the 
production of food to address undernourishment and for 
energy feedstocks to address import dependence. Given 
rising levels of economic liberalization and rising demand 
for energy, in the PRC in particular, impacts in the GMS are 
likely to come from increases in global as well as domestic 
demand, especially in view of the large remaining areas of 
non-agricultural land, i.e., forestland and wastelands, such 
as Imperata grasslands. 

Land and water resources in the GMS have already been 
identified by global investors and production of cash crops 
has increased greatly in recent years as previously noted. 
In Thailand and Viet Nam, although loss of primary forest 
continues, overall forest cover is increasing. Cambodia, 
the Lao PDR, and Myanmar, however, face a different 
situation, being less developed and having larger forest 
areas and higher requirements for economic development. 
The result could be conversion of natural forests on a large 
scale but also, depending on the economics and political 
decisions made, expansion of planted forests.

Some aspects of forests’ involvement in the food-water-
energy nexus will be important in determining their role 
in future land management, e.g., level of water use in 
comparison with crops, location of forests in relation to 
agriculture and area of energy consumption, watershed 
protection, carbon emissions of wood energy, and energy 
input requirements for forest production systems. On a 
longer time scale, the role of forests in climate change 
mitigation will also be of importance. Other areas will 
not be so important in direct relation to the nexus, e.g., 
traditional woodfuel use and food from forests.

Considering the trade-offs between food security and 
bioenergy production, a key issue will be whether this will 
result in a trade-off between food production and climate 
change mitigation and if so, whether forests can play a part 
in simultaneously providing climate change mitigation and 
helping reduce food price increases.

Given the carbon profile of modern stationary wood energy 
production and the separation of agricultural and forest 

areas, there is potential for forests to play an important 
role in reducing energy import dependence and carbon 
emissions while competing less with food production than 
agriculture based bioenergy. The main deciding factors 
are the economics of wood energy production, the desire 
of governments to reduce energy import dependence 
and GHG emissions and government effectiveness in 
implementing policy.

With respect to the economics of wood energy generation, 
although there has been much discussion about the high 
conversion efficiencies and competitiveness of modern 
wood energy power generation systems, there remains 
some skepticism, centered on the following issues:
 • The price of competing energy sources. The prices  
  of oil and coal are still lower in real terms than during  
  the peaks of the 1980s when wood energy was not  
  found to be competitive in practice. 
 • Wood grown for energy almost always goes to a  
  higher value use. Given the advances in wood  
  technology, there is even more “competition”  
  because panels and reconstituted wood products  
  can now be made out of ‘junk’ wood that previously  
  had little value other than to burn. 
 • Where plans are for wood to be grown to burn, there  
  is now much greater competition for land than in the past  
  as a result of the recent trend of rising food prices  
  (Figure 4). 
 • The cost of collection/gathering/transport of wood  
  rises with increasing costs of diesel or petrol  
  (unless machinery is driven by wood-powered  
  electricity) and its costs are also higher where  
  infrastructure and mechanization are not highly  
  developed. The IPCC bioenergy review indicates  
  that handling and transport of biomass from  
  production sites to conversion plants may contribute  
  20%–50% of the total costs of the biomass  
  production. In large parts of the GMS, infrastructure  
  is not well developed and mechanization is limited. 

A key question is whether the situation has changed from the 
period of high fossil fuel prices 30 years ago. If not, wood use 
for commercial industrial energy (or electricity generation) 
is only likely to be economic in places where wood residues 
are plentiful and already amassed (e.g., sawmills). Locations 
not connected to the national grid could also be an attractive 
opportunity, but there are few examples of successful wood-
fired power generation in such places.

Although substantially higher energy prices may be 
necessary before wood energy opportunities become 



207

Se
ss

ion
 2

.1

Timber 

Food 

Energy 

Palm oil 

0 

100 

200 

300 

400 

500 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

In
de

x
(y

r 2
00

0=
10

0)

Source: World Bank (2011)

Figure 4: Commodity Price Boom

viable, many developed countries have wood-fired power 
stations as part of their energy generation “portfolio.” Such 
early involvement in the sector is likely to yield benefits in 
the longer term as energy prices rise and more detailed 
comparisons of the benefits offered by different renewable 
strategies need to be made. It should also be considered 
that most wood-fired power stations have been built in 
northern climates where potential tree growth rates are 
much lower than in the warm and well watered conditions of 
the GMS. The availability of funding for clean development 
and in relation to bioenergy and carbon emissions targets 
could also help push the balance in favor of wood energy. 
Furthermore, strategic interests and comparisons of the 
benefits of wood energy production systems with other 
alternative and renewable energy sources may increase 
the attractiveness of wood energy. Reduced competition 
with food production and more competitive greenhouse 
gas profiles are key factors. 

In determining a possible role for wood energy, relative 
prices of goods and services will be important. While price 
increases for timber are not presently of the magnitude of 
palm oil and rubber, timber prices are nonetheless high 
compared to the recent past. PES associated with forests 
and wood use are also gaining ground, albeit slowly. This 
may drive some rationalization of land use and expansion of 
timber plantations onto land that is best suited for forestry. 
As such, the subregion could see increased plantation 
establishment on marginal agricultural land or even non-
marginal land if there are strong competitive advantages 

for forestry, such as proximity to a mill. Further clearance 
of natural forests for plantation establishment could also 
result. Such activity would almost certainly result in the 
loss of environmental services, especially where areas of 
high conservation value forest are concerned; safeguards 
against this possibility would be essential.

Other issues that will need to be considered are the 
impacts of purpose grown energy plantations. A main 
concern would be local resistance against planting 
eucalyptus and acacia and the risk of natural forest 
being cleared/consumed. Plantations also contain less 
biodiversity and generate less leaf litter and other organic 
inputs than native forests, and groundwater depletion can 
be exacerbated by deep-rooted exotic tree species that 
use more water than native species. In addition, biomass 
power generation technologies often do not have technical 
standards associated with their production and distribution 
and developers will usually not adopt technologies without 
performance insurance.

6. Conclusions

To provide the greatest benefit to current and future 
generations, foresters in the GMS region need to take into 
account changing demands on the sector and others need 
to be aware of the benefits forestry can offer. Demands 
for agricultural land for food and energy production may 
mean that pressures for forest conversion increase. At 
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the same time, climate change-related demands are 
likely to promote forest carbon sequestration and storage 
and forest-related climate change adaptation measures, 
particularly in relation to managing upland protection 
forests.

Given these demands, any conversion of forest to 
agricultural production should take into account trade-offs 
related to poverty, watershed related services, and climate 
change. Within the forest sector, improved efficiency of 
service provision and attention to the quality of the often 
highly degraded forest resources in the subregion will be 
a key priority to 2020. 

Agricultural intensification will be a priority if forest 
clearance is to be avoided. Rice yields, for example, differ 
markedly between GMS countries and great increases 
in productivity could be made through technological 
improvements. Increasing intensification may, however, 
mean increasing risk of water pollution. Riverine and 
mangrove forests will be of increasing importance in 
mitigating eutrofication and hypoxia of water bodies and 
avoiding creation of marine dead zones, which in turn will 
have negative effects on food security, given the nutritional 
importance of fisheries production.

To help avoid scarcities in relation to food, energy, or water 
a combination of strategies encompassing the following 
activities will be important:
 • resource planning, including water audits and  
  assessment of water balances;
 • infrastructure development;
 • market-led resource pricing, including externalities;  
  and
 • technological innovation, including support for  
  research and development.

In relation to forestry in the GMS, a key concern will be 
preventing further forest loss, particularly in relation to 
high value forests whether in terms of carbon storage, 
biodiversity, or watershed protection or other values. 
Lifting agricultural productivity and reducing extensification 
must be key elements of reducing pressures on forests. 
Reducing postharvest losses is a particularly important 
factor in increasing food production. Improved efficiency in 
food utilization and distribution is also of great importance 
and will help reduce demands on agricultural expansion at 
the expense of forest area. 
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abstract

The Greater Mekong Subregion has undergone a rapid 
economic growth over the past decade with positive 
impacts on the human development and negative impacts 
on the environment and natural resources. The growing 
demand for energy in the region and high fuel prices during 
2008 has seen several countries declaring ambitious 
biofuel strategies from which they retreated covertly later 
on. This has set a debate on nexus between food, water, 
and energy in the region. Though the biofuels fever has 
died down sooner than expected, there are chances for 
reemergence of debate over food-water-energy due to 
several traditional and non-traditional pressures discussed 
in this paper that include increasing energy demand, 
population growth, urbanization, changing life styles, 
and climate change. Early warning systems (EWS) can 
play a crucial role in averting situations like 2008 fuel and 
food prices. However, there are several bottlenecks to be 
overcome that include lack of infrastructure and capacity 
for implementing such EWS. In addition to EWS, this paper 
discusses some traditional off-the-shelf interventions such 
as general improvement in resource use efficiency in 
agriculture, water and energy sector, increasing energy 
supply through renewable sources, and creating an East-
Asian Energy Community or a grid that could ease the 
food-water-energy nexus in the region to a greater extent. 

1. introduction

The well-being of countries in the Greater Mekong Subregion 
(GMS)--Cambodia, Guangxi Zhuang Autonomous Region 
and Yunnan Province of the People’s Republic of China 
(PRC), the Lao People’s Democratic Republic (Lao PDR), 
Myanmar, Thailand, and Viet Nam–is very much linked with 
the Mekong River as it influences the livelihoods of a large 
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proportion of the population in these countries directly or 
indirectly. The economies in the GMS are predominantly 
agrarian with 63% of the total population dependent on 
agriculture (FAO, 2011) contributing to 22.6% of total 
GDP in the subregion (World Bank, 2011) which signifies 
the importance of stable agriculture production to the 
livelihoods of majority of the population in the GMS. 

The subregion has witnessed rapid economic growth 
in the past decade with both positive and negative 
consequences. The positive consequences are increased 
income levels and better progress in human development; 
the negative consequences include rapid degradation of 
natural environment; heavy pressure on natural resources, 
such as water, land, and forests; and heavy demand for all 
forms of energy. Despite the development gains, including 
steady increase of food supply over the past several years 
reaching a current level of 2,551 calories (kcal)/capita/
day, a wide disparity in the food supply situation also 
exists between countries, with highest food supply in PRC 
(2,981 kcal/capita/day) and least in Cambodia (2,268 kcal/
capita/day) and the Lao PDR (2,240 kcal/capita/day), and 
within the countries (World Food Program, 2004). During 
recent years, the global rising food prices have become 
a cause of concern (ODI, 2008), which was attributed to 
the cumulative impact of increasing population pressure; 
dwindling natural resources, such as land and water due 
to such pressures as rapid urbanization, industrialization; 
and introduction of biofuels that directly compete for land 
and water resources. These factors could be characterized 
as “traditional pressures” in the subregion. 

Climate change brings another dimension, as a 
“nontraditional” pressure. Available climate projections 
indicate impacts on crop yields, while changes in 
seasonal Mekong River flows (Kingston et al., 2011) might 
complicate the food-water-energy conflict in the GMS. 
This necessitates a review of current patterns of growth 
and alternative pathways that could reduce vulnerability 
to climate change while mitigating or moderating the 
traditional pressures, thus leading to sustainable 
development. This can be achieved through developing 
an early warning system (EWS) that keeps track of the 
food-water-energy nexus dynamics in the subregion and 
warns policy makers to take pragmatic steps to avoid 
catastrophic consequences. However, developing a EWS 
requires greater understanding of the variables underlying 
this food-water-energy nexus.

This paper evaluates climate risks to agriculture in the 
GMS, evaluates the traditional stressors that are already 
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active in the subregion, helps understand the opportunities 
and difficulties in developing a EWS for the food-water-
energy nexus, and provides a way forward in terms of 
policy suggestions. 

2. understanding Factors operating on the  
 Food, Water, and energy nexus

Understanding the system and different factors that 
determine the food-water-energy nexus is a pre-requisite 
for developing an effective EWS in the subregion. From 
the point of the nexus, the EWS constitutes the actors 
and the many traditional and nontraditional pressures 
that determine the demand and supply of food, water, and 
energy in the GMS. 

 2.1. traditional Pressures

Rapid economic growth. The GDP of GMS economies 
grew at a rate of 7.3% in 2010 (International Monetary 
Fund, 2011) with various implications for such resources 
as land, water, and energy. 

Growing population. The population in the subregion grew 
at an average rate of 0.94% during 2005–2010. Though 
this is less than the global average (1.16%) and that of 
Asia (1.08%), the populations of Cambodia, Myanmar, 
and Viet Nam grew at more than 1% during this period 
(United Nations, 2011a). In short and medium terms, the 
population growth rates in terms of total fertility rates in 
these countries are projected decline (until the 2050s); 
however, in long-term projections (to 2100), all the 
countries have positive growth rates, implying increasing 
population pressure on various natural resources.

Urbanization. Urbanization creates demand for land, 
water, and energy. The urbanization in the GMS in 2010 
was 3.19%, higher than in less developed regions (2.39%) 
and in more developed regions (0.5%) of the world. With 
current policies in place, the GMS countries are projected 
to urbanize at the same rate until 2020 when it should start 
declining (United Nations, 2011b). 

Energy demand. Fuelling economic and population growth 
has led to rapid increase in demand and consumption 
of primary energy in the GMS. All the countries in the 
subregion are net importers of energy with the PRC being 
the world’s largest importer of primary energy. The demand 
for energy is set to increase until 2030 and beyond, and 
future energy needs are expected to be mainly met through 

fossil fuel sources. To avoid climate change implications, 
countries in the region should seek alternative energy 
sources, such as biofuels, that may have implications for 
land and water, and hence for food.

 2.2.  nontraditional Pressures

Climate Change. Climate change is known to bring some 
additional pressures to the traditional pressures discussed 
above and could be more significant than expected. Most 
importantly, the past climate trends in the GMS suggest 
a significant increase in rainfall events leading to heavy 
runoff losses, and projections suggest an increase in 
rainfall and floods with implications for water and related 
sectors.

Among the above discussed factors, this paper focuses 
on two important pressures, energy and climate change. 
Energy demand is chosen because all other factors 
(economic growth, urbanization, and population growth) 
are manifested in terms of energy demand, and because 
of the implications of biofuel production (Worldwatch 
Institute, 2007; Prabhakar et al., 2009; Prabhakar et al., 
2008; Elder et al., 2008). Also, energy and climate change 
are recognized as the most significant threats to global 
food security in the long run (FAO, 2009a).

3. Climate risks to agriculture and Food 
 Security

Agriculture has multiple interactions with climate change. 
It is impacted by climate change (either negatively or 
positively), and it can influence climate change (both 
negatively through greenhouse gas emissions and 
positively by providing an opportunity to sequester 
carbon). This section reviews different observed and 
projected trends of climate change in the GMS for deriving 
implications in terms of food security and the food-water-
energy nexus. Although emphasis is given to country- and 
GMS-specific literature, other literature that covers some 
GMS countries was included. The later part of this section 
discusses how agriculture in the region can impact the 
climate change.

 3.1. observed Climate Change

Few things must be kept in mind before making conclusions 
about the past impacts of climate change in the GMS. 
Some countries in the region have well established climate 
research programs while others are either in advanced 
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development phase or beginning to establish research 
programs with external support. In most of the GMS 
countries, the density of meteorological observatories 
and the quality of data in terms of time series are limited. 
Hence, conclusions on the historical observations have to 
be made with caution.

Climate change is a global phenomenon with uneven 
distribution of its impacts across different geographical 
locations. Climate change in GMS countries is manifested in 
various forms (Parry et al., 2007; Asian Development Bank, 
2009) and the countries in the region have already started 
showing signs of climate change (Asian Development 
Bank, 2009) with differences among countries. 

Significant increase in the annual number of hot days and 
warm nights and significant decrease in cool days and cool 
nights were reported in Southeast Asian countries (Manton et 
al., 2001). Trends in extreme temperatures were consistent 
across the region. Extreme rainfall trends were less spatially 
consistent than were those for extreme temperature.

The number of rain days (with at least 2 mm of rain) has 
decreased significantly throughout Southeast Asia. The 
proportion of annual rainfall from extreme events has 
increased at most stations. A regional study based on 20-
year rainfall data obtained from 16 locations in Bangladesh, 
Indonesia, Thailand, and Viet Nam has identified positive 
rainfall trends in peninsular Thailand and negative rainfall 
trends in Sumatra and Java islands of Indonesia (Egashira 
et al., 2003). The variability in rainfall was, however, higher 
in the dry season than in the wet season. In the GMS, the 
past trends indicated an increase in precipitation during 
the early monsoon season and increase in runoff (Costa-
Cabral et al., 2008; Jianchu et al., 2009).

PRC. Since there is scant literature on Guangxi and Yunnan, 
general literature from the PRC has been cited here. In 
general, there has been a clear observation of climate 
change in the PRC. The past 100-year meteorological 
records indicated a warming of 1.1 oC manifested in terms 
of warmer winters, with 2007 as the warmest year in the 
recorded history (State Council of the People’s Republic 
of China, 2008). Changes in terms of distribution of rainfall 
across the PRC were reported with distinct trends of 
increased precipitation in western and southern PRC and 
decreased precipitation in northern and northeastern PRC. 
Increase in heavy precipitation events was observed in 
the southern PRC, which has implications for the GMS 
since a large proportion of water in the Mekong River 
originates from Yunnan Province, mostly from snowmelt 

in the Tibetan plateau and precipitation. There is a high 
probability of association between accelerated glacier 
melting and increased surface temperatures in this region 
(Barnett et al., 2005) which puts this region as one of the 
most critical regions in the world in terms of climate change 
impacts on freshwater availability. 

Cambodia. The meteorological data availability in 
Cambodia is relatively poor due to the war and destruction 
of meteorological observatories. To date, Cambodia has 38 
meteorological observatories that record temperature and 
rainfall, 23 observatories that record evaporation, and 14 
stations that record wind speed (Ministry of Environment, 
2002). From the limited available data for the period of 
1980-2000, no discernable trends were observed in 
temperature and rainfall (Ministry of Environment, 2001).

Viet Nam. In general, climate observations are reported 
to be in conformity with the regional and global trends. 
The monthly mean temperatures have increased by 0.07 
to 0.15 oC per decade (Ministry of Natural Resources and 
Environment, 2003). However, these observations are not 
uniform throughout the country with some observatories 
showing a different trend from the national trend. The 
temperatures recorded at A Luoi and Nam Dong stations 
in 1974–2004 showed an increasing trend (NCAP, 2007). 
The temperature recorded at Hue station indicated a slight 
declining trend during 1991–2004 with no clear trend over 
1928–1990. In most locations, the January temperatures 
(winter season) were observed to have become warmer 
when compared to the July month (summer season). The 
annual rainfall at A Luoi and Nam Dong has increased by 
800 and 600 mm, respectively, during 1974–2004 with 
relatively stable rainfall before the 1990s. The rainfall has 
increased during the rainy season (August-December 
and April-May) and decreased during drier periods (June-
July) with significant drought risks during drier periods and 
floods during the rainy season. At Hue, the trends were 
more complex with increasing trend of rainfall after 1996. 
At this location, rainfall showed a decreasing trend during 
January-March with values crossing the 100 mm drought 
threshold in most years after 1986.

Thailand. Known as the rice bowl of Asia, any changes in 
temperature and precipitation patterns in Thailand could lead 
to negative impact on the food security of the region. The 
observed maximum and minimum temperatures showed an 
increasing trend in Thailand during 1951–2002 (Greenpeace, 
2006). From a long-term perspective, based on principal 
component analysis of temperature data available between 
1951–2003, the minimum temperatures have been reported 
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to increase at an unprecedented rate since the early 1950s, 
consistent with the global and hemisphere average patterns 
(Limsakula et al., 2008). The minimum temperatures 
changed quicker than the maximum temperatures leading to 
narrowing down of diurnal temperature ranges in Thailand. 
Maximum temperature increased significantly at Nan, while 
the increases at Prachuap Khiri Khan were not significant 
(Manton et al., 2001). Temperature changes in other parts 
of Thailand are not consistent with the above observations. 
The northern provinces of Thailand, which include Chiang 
Mai, Chiang Rai, Lampoon, and Lampang, Phrae, Phayao, 
Nan and Pitsanulok, did not show any long-term trends 
(Kwanyuen, 2000).

Summer monsoon rains are a critical factor in Thailand’s 
water resources and agriculture planning and management. 
Consequently, understanding the variability of the summer 
monsoon rains over Thailand is important for instituting 
effective mitigating strategies against extreme rainfall 
fluctuations. The observed rainfall pattern in the Chao 
Phraya Delta, which is considered the rice bowl of Thailand, 
has shown a declining trend over 1952–1991 (Kwanyuen, 
2000). The reduction in rainfall was prominent in the river 
basins of Kok, Ping, and Nan rivers and no changes were 
observed in the Salawin, Wang, and Yom basins. The sub-
basin level observations were consistent with the basin 
level observations indicating little spatial variation in rainfall 
trends in these basins. At Nan, the number of rainy days has 
decreased significantly, and the proportion of total rainfall 
from extreme rainfall has increased significantly (Manton 
et al., 2001). Prachuap Khiri Khan showed a significant 
decrease in rainy days. There was a significant increase in 
extreme minimum temperature at both stations, partly owing 
to a peak in 1998. The number of warm nights increased 
and the number of cold nights and cool days decreased. 
Prior to the 1980s, there was weak relationship between 
summer monsoon and El Niño– Southern Oscillation 
(ENSO). However, recent studies have indicated a negative 
relationship between ENSO and the summer monsoon 
(Singhrattna et al., 2005). This increasing influence of 
ENSO during recent decades has been attributed to Walker 
circulation over the Thailand-Indonesia region. In some 
models, a clear influence of climate change on Walker 
circulation has been established (Power et al., 2007).

 3.2.  Projected Climate Change

General circulation models (GCMs) are used to simulate 
future climate change scenarios resulting from the 
accumulation of greenhouse gases (GHGs). The most 
common GCMs employed in generating simulations 

are coupled GCMs (e.g., CSIRO global coupled ocean-
atmosphere-sea-ice model), HadCM2 model, ECHAM4/
OPYC3 model, and First Generation Couple General 
Circulation model (CGCM1) of the Canadian Center for 
Climate Modeling and Analysis. The outputs of these 
GCMs (e.g., monthly mean values of climate variables) 
are used to derive local impacts of climate change. More 
recently, multi-model ensembles became more prominent 
tools in providing more reliable climate projections than the 
single model approaches (Tebaldi et al., 2007).

Climate projections in the GMS have been difficult because 
most GCMs have shortcomings in representing the ENSO 
phenomenon, which is the strong source of variability 
in Southeast Asia. The projected climate change over 
Southeast Asia is a general warming trend (Parry et al.,  
2007; Allison et al., 2009), following the global mean 
projections (an increase in temperature of 2.5 oC up to 
2099) with likely increase in precipitation (Christensen  
et al., 2007). There is high confidence in most of the climate 
change scenarios in the region that extreme rainfall events 
and winds associated with tropical cyclones will increase. 
There is a general tendency for models to project higher 
rainfall and more extreme floods in the GMS (Nijssen  
et al., 2001; Jianchu et al., 2009).

The conformal cubic atmospheric model (CCAM) was 
employed to study the impact of climate change in the 
lower Mekong basin (Chinvanno et al., 2006). CCAM is 
the second-generation regional climate model developed 
for the Australasian region, with a resolution of 0.1 degree 
(about 10 km × 10 km). Three levels of simulations 
were carried out with varying levels of carbon dioxide 
concentrations. The model simulations showed increased 
precipitation throughout the GMS, with a range of 0–500 
mm per annum, and a potential high intensity of rainfall with 
the same duration as in the current climate. The Mekong 
basin would be warmer by 0.79 oC, with greater increase 
toward north of the basin (Eastham et al., 2008). The 
runoff would increase in most climate change scenarios 
projected in 2030 due to combination of high intensity of 
rainfall during the rainy season and accelerated melting 
of glaciers. The dry season runoff would remain the same 
across the basin, including in the Tonle Sap catchment in 
Cambodia. This has potential implications for increasing 
flood intensity during the rainy season and drought intensity 
during the dry season with negative impacts on agriculture. 

The MIKE11 model was used to simulate flow and salinity 
intrusion from December to June (dry season) for the 
medium-term (mid-2030s) and long-term (mid-2090s) 
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scenarios using data derived from the SRES B2 climate 
change projection (Khang et al., 2008). Models have 
projected +20 to +45 cm rise in sea level with a reduction 
in Mekong River flow by -15% to -29%. Medium- and long-
term scenarios showed that the 2.5 grams per liter (g/L) 
saline front is likely to shift upstream by 10 km and 20 km 
in the main river channels, and up to 20 km and 35 km 
in the paddy fields, respectively. The individual country 
variation in the projected climate change is discussed 
below.

Three GCMs (UK 89, UKMO and GISS) were employed 
to construct temperature and precipitation scenarios 
over Thailand (Thailand Environment Institute, 1999). 
All models showed an increase in temperature, high 
in the central, northern and western regions (3.0–3.5 

oC) and less increase in northeast (2.5 oC). Models 
predicted an increase in rainfall by 20% (Bachelet  
et al., 1992; Greenpeace, 2006). The United Kingdom 
Meteorological Office Hadley Centre projected a warming 
of 1.74−3.43 oC by 2080 (Parkpoom et al., 2008). Studies 
also indicated that the climate change could reduce the 
rainfall and reduce the runoff in Chao Phraya River basin 
with negative impact on its catchment areas (Ministry of 
Science, Technology and Environment, 2000). Results 
from an ensemble of 20 models revealed that Thailand will 
warm under both low and high GHG emissions scenarios 
during 2040–2069 compared to the mean temperatures 
observed during 1972–2003 (Felkner et al., 2009). 
The magnitude of temperature increase under the high 
emissions scenario will be 40% higher than that in the low 
emissions scenario during 2040–2069. Daily precipitation 
will increase throughout the year under the low emission 
scenario and there will be less precipitation in the second 
half of the year, coinciding with the growing season of the 
rice crop, in the high emission scenario.

 3.3. Projected Climate Change impacts on  
   agriculture

Projecting climate change impacts on agriculture involves 
complex interactions between climate, agriculture 
systems, and crop management. In order to obtain relevant 
impact projections, the climate predictions of GCMs are 
utilized by dynamic crop simulation models (e.g., Decision 
Support System for Agrotechnology Transfer), and land 
management decision tools. Agro-ecological models are 
often employed to take advantage of the high resolution 
of dynamic crop models while still being able to handle 
large-scale computations with relatively good accuracy.

Climate change is expected to threaten the rice crop, the 
most important staple food crop in the GMS region, due to 
heat-induced spikelet sterility or increased crop respiration 
losses during grain filling (IRRI, 2006). Most of the rice crop 
being currently grown is at the threshold level of congenial 
temperatures for rice growing. In Southeast Asia, the hottest 
months are before the onset of the monsoon season, March-
June, which coincides with the final stage of dry season 
rice crop. These areas are already experiencing high 
temperatures, 36 oC and above. Any warming in these areas 
would mean significant reduction in rice yields (Wassmann 
et al., 2009). The HadCM3 global climate model using 
future climate scenarios projected by the Intergovernmental 
Panel on Climate Change (IPCC), indicated global and 
regional yield decline of crops such as wheat, rice, maize 
and soybeans (Parrya et al., 2004). The A1FI scenario2 
with large increase in global temperatures exhibited the 
greatest decreases both regionally and globally in yields 
by the 2080s. The contrast between the yield change in 
developed and developing countries was largest under the 
A2A–C scenarios. Under B1 and B2 scenarios, developed 
and developing countries exhibited less difference in crop 
yield changes, with the B2 future crop yield changes being 
slightly more favorable than those of the B1 scenario. In 
Asia, the reduction in crop yields was as high as 30%. 
Introducing carbon dioxide (CO2) fertilization effects reduced 
the negative impact of high temperatures, especially in mid- 
and high-latitude areas for temperate cereals and South 
Asia, due to deep penetration of the monsoon in summer 
and a lengthened growing season. Similar benefits of CO2 
fertilization were observed in Southeast Asia.

Projected climate change scenarios suggested that the 
decline in yields of major crops would be: rice, 1.4% (Lobell 
et al., 2008); wheat, 10%–95% (Fischer et al., 2005); and 
soybeans, 10% (Lobell et al., 2008). The agroecological 
zone models projected that the attainable wheat yields 
would decline substantially in the range of 10%–95% by 
the 2080s when compared to 1990 in Southeast Asia 
(Fischer et al., 2005). The reduction in wheat yields is due 
to increasing temperatures, especially during the panicle 
initiation and flowering stages. The favorable area under 
wheat would either be reduced or move northward in the 

2 The IPCC A1FI scenario stands for fossil fuel intensive scenario 
characterized by rapid economic growth, a global population that peaks 
in mid century and declines thereafter; A2 family of  scenarios represent a 
heterogeneous world, B1 family of  scenarios describe a convergent world, 
and B2 family of  scenarios represent emphasis on local solutions economic, 
social and environmental sustainability. For more description on IPCC SRES 
Scenarios, please refer to IPCC report on Emission Scenarios, Summary for 
Policy Makers (IPCC, 2000).
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subregion, with expansion of area under subtropical and 
tropical crops replacing the wheat. Under various climate 
scenarios, the area covered by the cool, temperate wheat 
mega-environments could expand as far as 65°N (Ortiza 
et al., 2008). Rising sea level can threaten crop production 
in many areas of Southeast Asia. The Mekong River Delta 
in Viet Nam and Cambodia is already facing the negative 
impacts of sea level rise and related intrusion of water 
into rice growing areas during the dry season (Wassmann  
et al., 2007).

A global study on prioritizing adaptation needs for food 
security in 2030 was carried out by generating hunger 
importance ratings for all crops and region combinations 
(Lobell et al., 2008). Climate change impacts were obtained 
from outputs of 20 GCMs and production changes for 2030 
were expressed as relative to the average of 1980–1990. 
The study indicated a significant reduction in yield of rice 
and soybeans; 5% of the models projected a reduction 
in soybean yields by 10% or more and 50% of models 
projecting soybean yield reduction by 5% in Southeast 
Asia. Most of these reductions were attributed to the 
large dependence of historical production variations on 
temperature combined with the large projected warming 
overwhelming the large uncertainties in precipitation 
changes. Higher reduction in crop yields in climate change 
scenarios would mean greater impact of GHG mitigation. 
GHG mitigation in Southeast Asia could bring significant 
increase in cereal yields up to 130% compared to crop 
yields in 2000 in wheat, maize, rice and other coarse grains 
with most of the increments coming from the developing 
countries (Tubiello et al., 2007).

The GMS is highly vulnerable to climate change impacts. 
Studies have indicated increased rainfall intensity in the 
subregion with implications for floods (Chinvanno et al., 
 2006) and water scarcity during dry seasons due to 
reduced runoff and seawater intrusion (Khang et al., 2008). 
The model projections on impact of future climate change 
on crop production were not uniform across the subregion 
and there is greater uncertainty (Eastham et al., 2008). 
However, food scarcity may increase due to population 
pressure. Sea level rise could reduce the area under triple 
cropping of rice by 70,000 ha while the single crop area 
would increase by 38,000 and 179,000 ha for the near- 
and long-term scenarios, respectively (Khang et al., 2008).

In Thailand, rice yields could drop by 57 % in Roi Et 
Province but increase by 25 % in Surin Province (Ministry 
of Science, Technology and Environment, 2000). The four 
climate models also demonstrated that climate change 

could increase temperature during the flowering period of 
crops by 1–7 oC.

This would reduce flowering and harvesting periods as 
well as crop yields in general. A study based on ensemble-
mean of 20 well recognized global climate models following 
the IPCC SRES scenarios along with the DSSAT model 
revealed the complexity of climate change impacts on 
rice crop in Thailand (Felkner et al., 2009). The DSSAT 
simulations projected yield reductions of 30%–50% in 
both low and high GHG emission scenarios. The yield 
reductions were either moderated or even improved when 
farmers’ response to rainfall change was incorporated 
through an economic model. 

 3.4.  agriculture impact on Climate Change

Agriculture is also a contributor to climate change as an 
important emitter of GHGs. Rice lands occupy nearly 60 
million ha in the GMS (FAO, 2011) and are a significant 
GHG emitter. A range of methane emission values are 
reported depending on microclimatic conditions, agronomic 
practices, and cultivars (IPCC, 1996). Taking median 
values, 50 grams per square meter (g/m2) for the PRC 
and 19 g/m2 for Thailand, the region has potential to emit 
12–30 million tons of methane in a single season. This 
range would double if there are two crops per year, and 
emissions from related manure management, etc., that are 
used for paddy cultivation are additional to these estimates. 
Thus, methane emissions are significant in the region and 
any policy intervention that aims to address climate change 
in the region cannot ignore these emissions. 

From the above discussion, the following broad conclusions 
can be made that have implications for designing EWS for 
the food-water-energy nexus:
 1. Significant observed climate change trends have  
  been reported in the GMS in terms of warming and  
  precipitation. 
 2. Climate change has specific implications for  
  agriculture and food security, mostly through the  
  impact on the rice crop and on freshwater  
  availability.
 3. There is great uncertainty in estimates of projected  
  climate change impacts in the region. Most  
  importantly, in the estimates of Mekong River flows  
  and their impacts in various months of the year.
 4. Agriculture also contributes to GHG emissions in  
  the region and limiting these GHG emissions would  
  have complementary impact on the water demand  
  situation in the region.
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4.	 Food-Water-Energy	Conflict

In view of the climate change effects of fossil fuel use, 
many countries, including those in the GMS, are seeking 
alternative sources of energy, one of which are biofuels, 
i.e., oil obtained from biomass sourced from traditional food 
crops (e.g., corn, cassava, sugarcane, oil palm) or crops 
that have traditionally been known to provide oil for industrial 
purposes (e.g., jatropha). As a result, some countries  
in the region have rushed to set national targets of producing 
biofuels. The PRC has set a target of 15% share of biofuels 
in total transportation energy; Thailand has set a target of 
meeting 20% of vehicle fuel consumption by 2012 (Elder  
et al., 2008); and Viet Nam has set a target of producing  
500 million liters of fuel ethanol and 50 million liters of biodiesel 
by 2020 (Asia Pacific Economic Cooperation, 2008). The  
PRC is currently the largest producer of bioethanol in Asia  
and the Pacific and a global leader in biofuel production, 
with roughly one million tons of fuel produced annually 
(Weyerhaeuse et al., 2007). About 1% of total transport fuel 
in Asia came from biofuels in 2004 (Worldwatch Institute, 
2007).This was despite reports questioning the possibility  
of achieving national biofuel targets without causing 
food-fuel-water conflict, environmental degradation, and 
negative impacts on food security (Worldwatch Institute, 
2007; Prabhakar et al., 2008). 

Many crops grown for food purposes (e.g., oil palm, 
corn, cassava, and sugarcane) were quickly converted 
to first generation biofuel feedstock. It is expected that 
the subregion will continue to promote first generation 
biofuels before the second generation biofuels are fully 
commercialized. Even though countries like the PRC have 
adopted policies to discourage use of food or feed crops 
for biofuels, concerns persisted that these policies might 
be difficult to implement and that biofuels would still directly 
or indirectly compete with food and feed (Prabhakar  
et al., 2009). The factors that have led to the food-fuel-
water conflict are elaborated below.

 4.1.	 Conflict	for	Water

Producing crops require inputs, such as land, water, 
fertilizers, and pesticides. These inputs are essential for 
crops that are grown for commercial purposes where 
certain assured output (feedstock for biofuel) is expected in 
return. Biofuel crops fall under the category of commercial 
since they are produced for the market and are expected 
to return high-value commercial outputs such as feedstock 
for oil. Initially, there were efforts to produce biofuel from 
corn and food crops like cassava in the PRC but soon the 

Government banned using any food crops for producing 
fuel, fearing food-fuel conflicts (Macartney et al., 2007). 
Even after the focus was shifted to jatropha (Weyerhaeuse 
et al., 2007), the competition for land and water cannot 
be ignored since for optimum results jatropha requires 
fertilizers, land, and water. Jatropha can be cultivated 
without additional irrigation in areas receiving a rainfall of 
600 mm or above. Under practical conditions, the rainfall 
is intermittent and variable, such that the crop may not 
produce satisfactory economic yield. Irrigation is required 
for such contingencies as mid-season water stress and 
in critical periods of the crop season, such as flowering. 
Expecting farmers to irrigate only during critical stages of 
the crop can be considered as an ideal scenario, especially 
as farmers often tend to over-apply fertilizers and water, 
expecting good returns when they have huge stakes to 
produce crops like jatropha as is happening with most 
cash crops globally. More often than not, farmers apply 
certain amounts of fertilizers and water even if the crop 
does not require them. The PRC Government has set a 
target of producing jatropha in an area of 1.03 million ha of 
wastelands in southwestern provinces, including Sichuan 
and Yunnan that fall in GMS. Expecting wastelands to 
produce an economic output from jatropha is questionable. 
The argument for this is that wastelands have remained 
wastelands because they are not fit for cultivation, either 
because of the poor fertility or lack of irrigation facilities 
(Elder et al., 2008; McGahey, 2008). From this logic, growing 
biofuels on wastelands without using external inputs, 
such as water and fertilizers, is doubtful. Considering the 
practical scenario explained above, even if 50% of farmers 
require water for 50% of jatropha’s water requirements 
(i.e., 300 mm), the total water requirement amounts to an 
additional 3 million liters per ha or 3 trillion liters of water for 
1 million ha, the target set by the PRC. This may affect the 
water available for the countries downstream in the GMS.

 4.2.	 Conflict	for	Land	with	Implications	for	
   Food

An important question concerns the extent of wastelands 
that can be brought into cultivation without substantial 
investments and environmental consequences and the 
alternative cost of bringing these lands into cultivation for 
food crops. From this point of view, if bringing wastelands into 
cultivation is economically feasible, food production should 
be the main competitor for wastelands rather than biofuels, 
since most parts of the region have reached a plateau in 
crop yield gains (vertical expansion) and there is a need 
for horizontal expansion of agriculture to feed the millions 
beyond 2050 (FAO, 2009b). Allocation of these wastelands 
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table 1: Productivity Levels of paddy in the gMS 

Country
Productivity 

(tons/ha)
nitrogen (N) 

fertilizer use rate (Kg N/ha)
Estimated	N	use	efficiency	

(kg rice per kg N)
Cambodia 2.8 17   (FAO FertiStat, 2001)* 164.7
PRC 6.6 250 (Zhao et al., 2009) 26.4
Lao PDR 3.6 55   (FAO FertiStat, 2001) 65.5
Myanmar 4.1 91   (Win, 2006) 45.1
Thailand 2.9 62   (FAO FertiStat, 2001) 46.8
Viet Nam 5.2 130 (Soong, 2006) 40.0
* This figure was crosschecked with other references, such as USDA, (2010), which states that Cambodia has the “lowest rates of  fertilizer use rate in rice in 
Southeast Asian countries”. 
Source: FAO ProdSTAT (2011).

to sustainable food production makes more sense than 
converting them to biofuel production with environmental 
consequences, particularly at a time when global food prices 
have risen at rapid rate partly due to diversion of crops, such 
as corn, raised on premium agricultural land to feed cattle in 
countries like the PRC. This argument is even more valid in 
the Lao PDR and Cambodia where high rates of hunger and 
food poverty exist today, and for achieving relevant MDG 
goals rated as “unlikely” in the Lao PDR (United Nations 
Development Programme, 2011) and ”slow” in Cambodia 
(Royal Government of Cambodia, 2010).

 4.3. do Biofuels Pose any More threat to Food  
   and Water?

The initial expectations and gains made under biofuel 
production and consumption could not be sustained 
because of a combination of factors listed below:
 1. The global economic depression during 2008–2009  
  further reduced the demand for oil.
 2. The steady decline in global crude oil prices  
  reached a level that is a disincentive for biofuel  
  companies to produce fuel for the domestic market. 
 3. Reduced emphasis on biofuels has been made by  
  the European Union in its revisions of energy policy. 
 4. Pressure from environmental activists made  
  some players realize that biofuel targets cannot be  
  achieved without substantial impact on food security  
  and environmental health and made them covertly  
  retreat from those targets.

However, the demand for energy is never-ending and, 
depending on global economic growth, developmental 
path, and energy choices made, there is a probability 
that global crude oil prices will rise in the medium and 
long term. According to the United States Energy 
Information Administration’s latest projections, global 
energy consumption will rise from 505 quadrillion British 
thermal units (Btu) in 2008 to 619 quadrillion Btu in 2020 
and 770 quadrillion Btu in 2035, mainly with demand 
from developing countries, notably the PRC and India, 

surpassing that from members of the Organisation for 
Economic Co-operation and Development (OECD) by 
2015 (US Energy Information Administration, 2011). Most 
of this demand is said to be driven by long-term economic 
growth. The result will be sustained upward pressure on oil 
prices, which would allow ethanol and biodiesel producers 
to pay much higher premiums for corn and oilseeds than 
was conceivable just a few years ago. 

Resource-use efficiency also requires greater attention in 
the GMS and has close linkage with the issue of biofuels 
and the food-water-energy nexus. Hence, biofuels are still 
at the center stage of policy discourse. 

 4.4. the Food-Water-energy nexus and 
	 	 	 Resource-Use	Efficiency	

Resource-use efficiency is especially important in 
agriculture for food and in energy production and utilization. 
Further, resource-use efficiency in one influences the 
other; for example, poor efficiency in energy could have 
implications for agriculture and poor efficiency in agriculture 
could influence the biofuel energy sector. 

The 2008 global food price crisis was argued to have 
been caused or worsened by diversion of crops to biofuel 
production, though other factors, such as increasing 
population, changing consumption trends, and weather 
abnormalities, may have also contributed. During this crisis, 
many countries took extreme steps, such as restricting food 
exports to allay fears of food insecurity, including in some 
cases, measures to restrict biofuel production from food or 
feed-based crops; however, it was not clear how effective 
these measures were (Katz, 2008; MacInnis et al., 2008). 

A simple indicator for efficiency of combined inputs is to 
measure the productivity of major crops grown in these 
countries. The productivity of rice and nitrogen use efficiency 
levels in the GMS (Table 1) exhibit wide variation; rice yields 
in the GMS increased at an average rate of only 2.7% 
per annum during 1990–1999 as against an increase in 
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N fertilizer use of 15% (Mutret et al., 2002), which shows 
stagnation in yields despite of steady increase in input use. 

While reasons for poor input use efficiency in each GMS 
country are different, improving nitrogen use efficiency 
would mean increase in crop yields, reduced resource use, 
and hence reduced pressure on land and water resources. 
The same logic applies to other inputs used in agricultural 
production systems.

5. understanding eWS in the context of 
 Food-Water-energy nexus

For the purpose of this paper, EWS in the context of 
food-water-energy nexus can be defined as a collection 
of dependent and independent variables that lead to 
detection and assessment of impending problems based 
on feedback connections operating between demand and 
supply of food, water, and energy. A EWS can be as simple 
as a collection of indicators that can provide an early 
warning to policy makers and other development planners 
at various levels. It can also be complex, employing 
dynamic simulation models that can quantitatively 
represent the real world based on the conditions defined/
assumed within the model (the system). 

Due to complex feedback connections and dependencies 
operating between food-water-energy, some of which was 
discussed in the previous section, most often it is difficult 
for most decision makers operating at specific sector level 
to project/expect impacts of changes happening in other 
sectors. The ramifications of lack of understanding on 
interconnected nature of different sectors have become 
more evident with the global food price crisis of 2007-08 
and subsequent repetition of the same in 2010-11. Several 
arguments have been put forward to explain reasons 
behind increase in global food prices which include reduced 
grain yields due to poor weather in Australia, changing 
diet patterns such as increased meat consumption in 
developing Asia, cultivation of biofules on agricultural 
fields, rising oil prices, low stocks, export restrictions, 
depreciation of United States Dollar, low interest rates, 

and investor speculation (Headey, 2011; Lagi et al., 2011). 
Among all these reasons, researchers have concluded that 
at least land conversion to biofuels, export restrictions and 
investor speculation have strong influence on global food 
prices (Table 2), some of which are more intuitive than 
others (Headey, 2011; and Lagi et al., 2011). For example, 
possible impact of land conversion to biofuel use on food 
security has long been discussed in the policy and scientific 
literature. However, none could emphatically project that 
it could lead to global food crisis of the magnitude or none 
could help in taking preemptive measures ahead of the 
food crisis. The experience from 2008 food crisis couldn’t 
help project and prepare for another one in 2010-11. 

One may argue that an early warning system that considers 
various interconnected factors underlying events such 
as food crisis 2008 could have avoided the catastrophe. 
Examining the lessons from the existing examples would 
help validate this argument. Some examples of EWSs for 
policy decisions are European Union proposal for building 
a EWS for energy that simulates the supply and demand 
situation in the region (European Union, 2009); it includes 
early warning for long-term energy conditions as well as 
for oil shortages in short time scales. The Crop Weather 
Watch Group (CWWG), India aims to provide early 
warning of an impending drought and help take preemptive 
measures. The flood mitigation and management center 
of Mekong River Commission collects data on Mekong 
river flows and provides early warning to the countries 
in downstream. However, these early warning systems 
suffer from several limitations. The CWWG has failed to 
warn impending crop losses and couldn’t take advantage 
of recovering monsoon in 2004 drought. Several other 
drought monitoring tools are being used in the region, 
including a West Asia drought monitor based on the USDA 
drought monitor and it is not clear from the literature on 
the success of these drought monitors in avoiding the 
impending drought events. The currently available early 
warning systems are highly specialized in nature and 
are narrowly defined in the scope. For example, they are 
either limited to only energy or only water or only food 
sector and don’t consider the impacts of decisions taken 
in other sectors. In other instances, they are limited to 

table 2. role of different factors behind food crisis
reasons put forward for global food price crisis Marco Lagi et al., 2011 Headey, 2011

Adverse weather (Drought in Australia) No evidence
Land conversion to biofuel use Strong evidence
Shifting investor speculative focus from mortgage and stock markets 
to commodity markets 

Strong evidence

Change in dietary patterns in developing countries No evidence
Export restrictions/trade factors Strong evidence
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hazard-mitigation approach (drought or flood forecasting) 
and end with projecting a physical event. 

An effective EWS can be built using dynamic simulation 
models since they can consider the element of time and 
related dynamics in determining the status of outcomes 
that could be useful to policy makers. The use of simulation 
models in the public policy research is not new. Some 
examples are:
 • The general algebraic modeling system (GAMS)  
  has provided a good tool in understanding  
  environment and economics in a single framework. 
 • The Asia-Pacific Integrated Model (AIM) has  
  provided a tool to simulate the impact of climate  
  change on natural environment and socio- 
  economics in Asia and the Pacific.
 • Computable general equilibrium (CGE) models  
  have been used for understanding the economy- 
  wide impacts of policies.
 • Multi-regional input-output (MRIO) models have  
  been employed to understand and forecast material  
  flows across different regions.

All the above simulation models are largely used for 
research purposes that have partially contributed to 
development of policies rather than for providing real-
time early warning for preemptive response. Partially, this 
could be attributed to the limited understanding of natural, 
socioeconomic, and institutional systems. 

 5.1.  Prerequisites for development of an eWS

Development of EWS is dependent on various factors 
related to the system in question and it has to do with how 
best the EWS can represent the real world.

Determinants of an effective EWS are:
 1. How the system is defined (components of the 
  system),
 2. Understanding of relationships and feedback  
  connections between different actors/components  
  of the system,
 3. The precision with which these dynamic and static  
  forces are quantified and represented in the model,  
  and
 4. Interpretation of the outcomes of the model as  
  against what it actually means, with implications for  
  the institutions that use the EWS for policy  
  purposes.

 5.2 What an eWS should be able to do

A EWS for the food-water-energy nexus should be able to: 
 1. visualize demand and supply situation of food,  
  water, and energy in the region on a short-, medium-,  
  and long-term basis;
 2. give projections on prices of food, water, and energy on  
  an immediate and long-term basis so that countries  
  can make preventive and proactive strategies;
 3. help policy makers at various levels to plan appro- 
  priate crops, water usage, and water conser- 
  vation practices, and how energy is produced and  
  consumed at the regional and national scales; 
 4. help in appropriate allocation of resources for  
  food and energy production while keeping in view  
  such constraints as environmental health, climate  
  change, food prices, and sustainability of resources  
  employed; and
 5. help develop a set of standard operational  
  procedures to be invoked in a situation like the 2008  
  energy and food crisis.

 5.3 opportunities and Challenges for 
   developing an eWS

From the above discussion, it can be concluded that 
several factors determine the food-water-energy nexus 
in the GMS and that there are both opportunities and 
challenges for developing an effective EWS for decision 
making in the subregion. 

   5.3.1. opportunities: 
The main opportunity for developing and implementing 
a EWS in the GMS comes from three integrating factors 
operating in the subregion:
 1. Institutional system. The Mekong River Commission  
  (MRC) integrates nations in the subregion through  
  its significant impact on the way other institutions  
  set policies and processes in managing resources. 
 2. Growing economic integration. Countries in the  
  subregion are increasingly integrated in terms of eco- 
  nomic activities (e.g., trade of goods and services). 
 3. The Mekong River. The Mekong River acts as a  
  single, most important integrating factor, providing  
  the opportunity to develop the EWS around it.

   5.3.2. Challenges:
 1. Complex nature of the food-water-energy nexus.  
  This is largely brought by the uncertainty in climate  
  projections, future growth patterns, and changing  
  food preferences of the people that can introduce  
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Figure	1:	Oversimplified	Schematic	of	an	Early	Warning	System	for	Food-Water-Energy
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  many “unknowns” that influence the effectiveness  
  with which the EWS can work. 
 2. Poor availability of data. Real time and quality  
  data are often a problem in the subregion and  
  can greatly influence the effectiveness of a EWS.  
  Such approaches as integrated river basin level  
  resource management using water balance models  
  could be useful to avoid water shortages. These are  
  data-intensive approaches and lack of quality data  
  hinders their adoption and effectiveness. 
 3. Attitudinal factors of stakeholders. As with any  
  other EWS, different actors in the region may not  
  trust the EWS and may not consider it as a decision- 
  making tool. Thus, there is a need for capacity  
  building of different stakeholders.
 4. Poor development of regional coordination  
  mechanisms for the use of certain common natural  
  resources. As an example of both the solution and  
  problem, disputes related to how the water in  
  the Mekong River should be equitably used by  
  various countries on upstream and downstream  
  has not been resolved. Development of a EWS may  
  help resolve this problem since stakeholders in the  
  region would be able to visualize how downstream  
  users are affected by overexploitation by upstream  
  users, leading to amicable allocation of water  
  resources to individual countries. 

 5.4 Simple representation of an eWS

Figure 1 shows an oversimplified schematic representation 
of the concept behind an EWS for food-water-energy 
nexus in the region. This idea need to be further refined 
since it does not capture all the complexities operating 
in the food-water-energy nexus. The proposed EWS 
consists of integration of three modules, one each for 
food, water, and energy production and demand (in the 
figure they are shown as a single diagram for simplicity). 
Each module will feed into the other module based on 
allocation of resources following constraints set by the 
decision maker. The output in the diagram can represent 
either the quantitative or health status of resources, prices 
of products, or their combination.

This module need to be integrated with a climate and 
weather early warning system that can inform the policy 
makers and local natural resource managers and cropping 
experts to decide and strategize various operations 
according to the climate and weather forecasts. However, 
for this to work satisfactorily there is a need to strengthen 
climate and weather forecasts in the region. 
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6. Policy Suggestions for avoiding Food-
	 Water-Energy	Conflicts

While developing an EWS for food-water-energy could 
provide several benefits, we are far from the point of 
developing such EWS that satisfies the criteria discussed 
above. Hence, it would be logical to promote some of the 
off-the-shelf policies that could reduce the food-water-
energy conflict.

 6.1.	 Improving	Resource	Use	Efficiency	in	
   agriculture and Water

Increasing the use efficiency of water, land, and other 
resources in the subregion could reduce pressure on these 
resources and make them available for other competing 
users. This can be achieved through few example practices 
listed below:
 • Identification and promotion of agro-technologies  
  that provide synergistic advantage in terms of  
  improved productivity, profits, and climate benefits.  
  Introduction of such practices as the system of rice  
  intensification, organic agriculture, and conservation  
  tillage practices are known to reduce water use and  
  provide both mitigation and adaptation benefits  
  (Prabhakar et al., 2010). Simple strategies, such as  
  increasing the productivity of crops, can ease  
  pressure on the land (Figure 2).
 • Moving from local watershed-based approaches to  
  integrated river basin level water management  

  approaches and harmonizing the available water  
  with land-use practices in the subregion could  
  drastically increase overall water-use efficiency.
 • Reducing vulnerability to weather fluctuations  
  through assured irrigation facilities would provide  
  insurance against vagaries of weather. Despite the  
  huge irrigation potential in the GMS, actual utilization  
  of this potential is not significant (Tu et al., 2004).  
  Expanding the area under irrigation could reduce the  
  weather-linked agricultural risk, provide assured  
  income to farmers, and avoid fluctuations in food  
  production.
 • Moving to full-life-cycle assessment of benefits and  
  costs of producing biofuels has been suggested for  
  fully accounting the environmental costs involved  
  in biofuel production and consumption (Prabhakar  
  et al., 2009). There are suggestions to go beyond  
  these methodologies and include new innovative  
  methods, such as system perturbation analysis  
  (SPA) (Worldwatch Institute, 2007), which examines  
  geographic system balances of resources and  
  the resulting effects rather than comparing well-to- 
  wheel trajectories; or graphical pinch analysis (Tan  
  et al., 2009), which helps in solving the source-sink  
  problems while allocating the limited resources  
  in production processes, enabling optimal use of  
  resources. 
 • Market distorting policies, such as subsidies,  
  affect the way the benefits from biofuels are  
  assessed and promoted. For example, countries  

Figure 2: Land Saved from agriculture by increasing Land Productivity in the People’s republic of China, 
thailand, and Viet nam
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  where inputs are subsidized for agriculture do not  
  differentiate whether these inputs are used for  
  agriculture for food or for fuel. Targeted subsidies  
  could be more effective. 
 • Improving the weather and climate forecasting  
  systems in the region could help in strategic planning  
  in agriculture and water sectors and avoid undue  
  sudden shocks and hence improve overall  
  productivity of these resources. Establishing  
  dense weather stations, capacity building of  
  ground staff, strengthening data archival systems,  
  and strengthening weather and climate models  
  suitable for the region are necessary.

 6.2.	 Improving	Energy	Use	Efficiency

Energy use efficiency in the subregion is presently low. 
For example, in the PRC, energy utilization efficiency 
(GDP output per unit of energy consumption) is around 
20%–40% that of developed countries, depending on the 
GDP description (exchange-rate converted GDP or PPP-
converted GDP) (Li et al., 2005). This indicates a huge 
potential for improving energy efficiency. Realizing this 
potential, the PRC Government has placed great importance 
on structural reforms and economic development patterns 
with a focus on energy conservation (National Development 
and Reform Commission, 2009). This strategy includes 
enhancing the share of service industry in the overall 
GDP, implementing rigorous standards for manufacturing 
industries, and promoting the concept of a circular economy, 
which has implications in terms of GHG emissions while 
maximizing the energy use efficiency. As a result of these 
policies, energy intensity dropped by 19.06% over the 11th 
5-year-plan period. However, the prospects for improving 
energy intensity in the 12th 5-year plan may not be high in 
view of progress already achieved; speculation has been 
that maintaining high targets on energy intensity could 
even cost the country more (Fuqiang, 2011). For improving 
energy intensity in other GMS countries, there is a greater 
need for analysis and policy focus. 

 6.3. increasing energy Supply from renewable  
   Sources 

The PRC has recognized the domestic potential for 
renewable energy and has invested in use of its renewable 
resources. The country has set a non-fossil fuel target of 
15% of its primary energy consumption by 2020 (National 
Development and Reform Commission, 2009). Currently, 
the PRC produces about 24 million kilowatts of wind energy, 
which is only second to the United States, as a result of 

rapid investments in wind energy in the past 5 years. 
However, the literature suggests even greater potential 
for expansion of renewable energy in the country (Meisen  
et al., 2009), with huge potential in hydro-, wind, and solar 
power (Meisen et al., 2009). Harnessing this potential 
could reduce demand for biofuels and the pressure on 
land and water resources. Reproduction and utilization in 
other GMS countries are still in nascent stages and need 
a greater fillip through promoting a combination of demand 
and supply side policies. 

 6.4. Creation of an east asia energy Community/ 
   grid 

There have been several proposals for establishment of 
an East Asian energy community or a grid, in view of the 
different supply and demand situation for energy among 
the countries in East Asia. Such a network would greatly 
benefit countries in the GMS as they can use the already 
well-developed economic cooperation and trade ties in the 
subregion easing burden on natural resources in some of 
the countries. 
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Water ProduCtiVity oF Winter riCe 
in tHe MeKong deLta

Marjorie Menard1and Mohammed Mainuddin2 

very low. This schedule is not effective in saving water. The 
results of this study can be useful in selecting adaptation 
options to minimize the negative impact of climate change 
on yield and water productivity.

1. introduction

The Mekong Basin is home for more than 60 million people 
(MRC, 2010), and the Mekong River is a resource for 
many activities. Agriculture is the most important one and 
is based on a few major crops like rice, which provides 
food for 300 million people a year (MRC, 2010). With 
a population  expected to increase up to 82 million by 
2030 (Mainuddin et al., 2008, based on UN Population 
division, 2006), and a predicted spatial and temporal 
change in water resources repartitioning due to climate 
change, meeting the increasing food demand in this area 
becomes more and more challenging. Rice cultivation 
is central for the region’s agriculture and is the major 
economic activity (Facon, 2000). Rice represented more 
than 70% of the total harvested area in the basin during 
1995–2003 (Mainuddin et al., 2008), and is a staple food 
for the region’s inhabitants. Rice crops are either rainfed 
or irrigated, depending on the location and season. In 
Thailand, 96% of the rice grown is rainfed (Mainuddin et 
al., 2008), while in Viet Nam, located in the delta, a major 
part of the rice is irrigated. Indeed, this area considered as 
the most productive rice growing area of the basin (Kirby 
et al., 2009), over 1.6 million hectares are under irrigation, 
fed by some 10,000 km of irrigation canals (Tong Tu et al., 
2004). Unlike rainfed agriculture, which is dependent on 
rainfall patterns, it is possible to manage water provided 
to irrigated crops in order to save water. Efficient use of 
water for irrigation is important because diversion of water 
for irrigation is predicted to increase by 11%–12% due to 
climate change. With combined impact of climate change 
and high irrigation development the diversion will increase 
by 24%–25% (Mainuddin, 2010).  An increase of the areas 
under irrigation would lead to an increase of salt intrusion in 
the delta, which would reduce rice production in the region 
(Kirby et al., 2009). Thus producing more rice with less 
water in the region is very important and a real challenge.

The objective of this study is to use a crop water productivity 
modelling approach to assess the impact of soil, field 
management, irrigation management, and climate change on 
water productivity of evapotranspiration, water productivity 
of irrigation, and yield. The final aim is to determine whether 
some management practices would enable water saving, 
while keeping yield constant to meet food demand.

1 Montpellier SupAgro, International Centre for Higher Education in 
Agricultural Sciences, Montpellier, France.

2 CSIRO Land and Water, Black Mountain Laboratories, Canberra, 
Australia.

abstract

We examined the impact of climate, soil, field management, 
and irrigation management on water productivity and yield 
of winter irrigated rice in the Mekong delta of Viet Nam 
using a crop growth simulation model called AquaCrop. 
Two study sites in the provinces of Trà Vinh and Kiên Giang 
having different rainfall patterns were chosen. Climate 
change data used in the study were the future climate 
projection for 2010–2050 for the Intergovernmental Panel 
on Climate Change Special Report on Emission Scenarios 
(IPCC SRES) scenarios A2 and B2, based on ECHAM4 
General Circulation Model downscaled to the Mekong 
region using the PRECIS system. The model was calibrated 
and validated using observed yield data of 1995–1999. 

Results suggest that the soil does not influence water 
productivity or yield, whereas field management and 
especially fertility level have an important influence on yield, 
and thus on water productivity in both sites. Concerning 
irrigation management, a small decrease in the amount of 
water provided to the crop can have a significant impact on 
yield and water productivity. For scheduled irrigation, with 
an irrigation schedule every 10 days, the depth maximizing 
water productivity of evapotranspiration and yield for both 
sites is 50 mm whereas a depth of 30 mm maximizes water 
productivity of irrigation. Climate change does not have an 
impact on that schedule. For an irrigation schedule every 
5 days, a depth of 20 mm maximizes water productivity of 
evapotranspiration and yield, whereas an irrigation depth 
of 15 mm maximizes water productivity of irrigation. In 
that case, with climate change, more water is required. 
Concerning the alternate wetting and drying schedule, 
consisting of a 10-day wet period alternately with a 10-
day dry period, water productivity of evapotranspiration 
and yield are similar to the baseline case, but the amount 
of irrigation is very high, so water productivity of irrigation is 

Impact of Soil, Management Practices and Climate Change 
on Water Productivity of Winter Rice in the Mekong Delta
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2. Method

	 2.1.	 Definition	of	Water	Productivity

Reducing the amount of water used for irrigation must not 
have a negative impact on rice production, as the increasing 
food demand must be met. Thus, a good indicator is water 
productivity. It is defined as the mass of product per unit 
of water consumed (kg/m3) (Immerzeel et al., 2008). We 
considered here water productivity of evapotranspiration 
which is the yield per unit of water evapotranspired and 
water productivity of irrigation, which takes into account 
the amount of water lost by runoff and drainage in addition 
to evapotranspiration. 

 2.2. Study Site, data, and Model

We focused on two sites in the Mekong delta in Viet Nam, 
where irrigated winter rice is cultivated. The two areas 
chosen were in the provinces of Trà Vinh and Kiên Giang, 
respectively, because the planted area of rice was higher 
than in other provinces of the area. Trà Vinh belongs to 
an area where rainfall averages less than 1,900 mm per 
year, whereas Kiên Giang is part of an area where average 
rainfall is more than 1,900 mm per year. 

The observed climate data—rainfall, temperature, solar 
radiation, and wind speed—were taken from Mekong River 
Commission (MRC) (Mainuddin, 2010). Future climate 
data were based on the future daily projection made 
under the scenarios A2 and B2 from the Intergovernmental 
Panel on Climate Change Special Report on Emission 
Scenarios (IPCC SRES). These data were downscaled 
to the Mekong Basin region using the PRECIS model, 
taking into account regional characteristics (Mainuddin  
et al., 2010), and adjusted to observed data. The soil data 
are from the detailed soil classification map with physical 
and hydraulic properties for the whole basin used in the 
MRC Decision Support System (Mainuddin et al., 2010). 
The planting date and duration of growing period were 
chosen in reference to the cropping management data 
used in Mainuddin et al. (2010), and in Luu (2003). The 
observed data for yield in the region of the Mekong delta in 
Viet Nam come from the General Office of Statistics of Viet 
Nam.  (http://www.gso.gov.vn/default_en.aspx?tabid=491)

The AquaCrop model of the Food and Agriculture 
Organization of the United Nations (FAO) was used 
because it is designed to simulate the yield response to 
specific hydrological conditions of different crops cultivated 
worldwide. AquaCrop is a robust model, easy to use by 

any practitioner. It also requires only a limited amount of 
data, which is often easily available. Although it requires 
less data than other models like CropSyst and WOFOST, 
it performs equally well in simulating biomass and yield at 
harvesting (Todorovic et al., 2009).

 2.3. Model Calibration

Yield data are the only observed data available for the 
calibration of the model. The observed yield data are for 
1995–2009 and the observed climate data for a longer 
period, 1985–2000. We chose to run the calibration on 
5-year periods starting in November 1995 and ending in 
February 2000. If we took a longer period, parameters like 
irrigation or fertilization practices would be more variable, 
and this could bias the results. The calibration was done 
using two parameters: harvest index and fertility level of 
soil during the growing period. For the other parameters, we 
consider that the net irrigation water requirements are met, 
and that 0% depletion of the readily available water (RAW) 
of the root zone is allowed. This is obviously not the case in 
real conditions, but irrigation management was one of the 
parameters that we wanted to test, so we assumed that for 
the baseline case and calibration, the crop was not exposed 
to water stress. The soil characteristics used for calibration 
were those of the paddy soil file of AquaCrop model that 
represent the common soil type on which rice is cultivated. 
The crop parameters were those used for irrigated rice by 
Mainuddin et al. (2010). The growing period considered is 
120 days, in reference to Mainuddin et al. (2009).

3 results

 3.1. Baseline Case

The parameters used for the baseline case are similar 
to the ones of calibration, but the simulation was run for 
the period 1985–2000. The average results for water 
productivity of evapotranspiration are shown in Table 1.

The variations in water productivity of evapotranspiration 
followed the same pattern on each site. However, it was 
always lower in Kiên Giang than in Trà Vinh, particularly 
at the end of the period, due to the difference in average 
yield and climatic parameters.  

  a. impact of Soil
According to the data in the detailed soil classification map 
with physical and hydraulic properties for the whole basin 
used in the MRC Decision Support System (Mainuddin  
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table 1: average Water Productivity, yield, amount of Water from irrigation, 
and amount of evaporation and transpiration for the Baseline Case

average water productivity 
of evapotranspiration

(kg/m3)

average yield
(tonne/ha)

average amount of 
irrigation

(mm)

average amount of 
evaporation

(mm)

average amount of 
transpiration

(mm)
Trà Vinh 0.63 3.00 377 202 301
Kiên Giang 0.58 2.63 350 220 260

et al. 2010), Kiên Giang soil is characterized being Gleysol 
and Trà Vinh soil is characterized as both Gleysol and 
Fluvisol. The results are presented in Table 2. At both 
sites, there is no difference of average water productivity 
of evapotranspiration and yield for the different soils. For 
rice cultivation, and especially for irrigated rice, it is not 
the soil’s characteristics which influence yield and water 
productivity, as long as there is standing water. When there 
is no more standing water, the ability of the soil to retain 
water can influence water productivity and yield.

  b. impact of Field Management
Field management and especially the fertility level are 
important in building the harvest index, and have thus 
an impact on yield and water productivity. We assessed 
the extent to which a decrease of the fertility level affects 

table 2: average Water Productivity, yield, amount of Water from irrigation, 
and amount of evaporation and transpiration for different Soils

average water productivity 
of evapotranspiration 

(kg/m3)

average yield 
(tonne/ha)

average amount 
of irrigation 

(mm)

average amount 
of evaporation 

(mm)

average amount 
of transpiration 

(mm)
trà Vinh
Baseline case 0.63 3.00 377 202 301
Fluvisol Umbric 0.63 3.00 382 197 300
Gleysol Thionic 0.63 3.00 385 200 301
Gleysol Umbric 0.63 3.00 388 199 301
Kiên giang
Baseline case 0.58 2.63 350 220 260
Fluvisol Umbric 0.59 2.63 354 215 260
Gleysol Thionic 0.58 2.63 357 217 260
Gleysol Umbric 0.58 2.63 361 217 260

yield and water productivity. Results are presented in Table 
3. For both sites, in comparison with a scenario without 
fertility stress, decreasing fertility level by a half leads to 
a decrease in yield by half and to a decrease of water 
productivity of evapotranspiration by 40%. 

  c. impact of irrigation Management 
Net irrigation water requirements
The objective here was to see to what extent the crop, 
especially the yield, is affected by a decline in water 
availability in the root zone. Three scenarios were 
studied. First, root zone depletion was not allowed, like 
for the baseline case. Second, root zone depletion was 
not allowed to drop below 25% of readily available water 
(RAW). Third, root zone depletion was not allowed to drop 
below 50% of RAW. The results are shown in Table 4.

table 3: average Water Productivity, yield, amount of Water from irrigation, 
amount of evaporation and transpiration for different Fertility Levels

average water productivity 
of evapotranspiration

(kg/m3)

average yield 
(tonne/ha)

average amount 
of irrigation 

(mm)

average amount 
of evaporation 

(mm)

average amount 
of transpiration 

(mm)
trà Vinh
Baseline case - 70% fertility level 0.63 3.00 377 202 301
100% fertility level 0.78 4.34 451 116 442
50% fertility level 0.48 2.17 347 249 229
Kiên giang
Baseline case - 60% fertility level 0.58 2.63 350 220 260
100% fertility level 0.80 4.34 438 111 435
50% fertility level 0.50 2.17 337 243 225

Impact of Soil, Management Practices and Climate Change 
on Water Productivity of Winter Rice in the Mekong Delta
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In Trà Vinh, when depletion of the root zone does not 
drop below 25% of readily available water, the decrease 
in average water productivity of evapotranspiration is low: 
30 g/m3 on average. The average decrease in yield is 0.12 
tonne/ha and the decrease of irrigation water requirements 
is quite low: 23 mm. With this scenario, the average amount 
of evaporation is increasing, whereas the average amount 
of transpiration is decreasing, which means that even if 
irrigation water requirements are decreased, they are less 
efficient for the crop. When depletion of the root zone is 
allowed to drop down to 50% of RAW, the decrease in 
water productivity of evapotranspiration is more important: 
120 g/m3 on average, but the results are very different from 
one year to another. The decrease in yield is also more 
important; 0.59 tonne/ha. However, the irrigation water 
requirements are significantly lower than for the baseline 
case; 42 mm on average. Decrease in water-use efficiency 
(more evaporation and less transpiration) becomes more 
important. In this case, the soil becomes dry between two 
irrigation schedule events, and more water is needed to 
refill the soil. The results for Kiên Giang follow the same 
pattern as in Trà Vinh. 

Scheduled irrigation
In this part, two irrigation schedules were studied. The first 
was irrigating the crop every 10 days (10-day schedule). 
This is a common timing used for irrigation of rice fields 
in modelling. It was used by Smith (1992) for irrigation 
during most of the development stages (initial phase, 
development stage, and late season), in the CROPWAT 
model. The second schedule was irrigation every five 
days (5-day schedule). The aim of the second schedule 
was to assess whether a more labor-intensive irrigation 
schedule could improve water-use efficiency. For the two 
schedules, different depth of irrigation were applied: 100 
mm, 50 mm, 30 mm, 25 mm, 20 mm, 15 mm or 10 mm. 

table 4: average Water Productivity, yield, amount of Water from irrigation, and amount of evaporation and 
transpiration, for different net irrigation Water requirements

average water 
productivity of 

evapotranspiration
(kg/m3)

average yield 
(tonne/ha)

average amount 
of irrigation

(mm)

average amount 
of evaporation

(mm)

average amount 
of transpiration 

(mm)

trà Vinh
Baseline case 0.63 3.00 377 202 301
25% depletion 0.60 2.88 353 216 286
50% depletion 0.51 2.41 335 263 236
Kiên giang
Baseline case 0.58 2.63 350 220 260
25% depletion 0.56 2.52 325 230 246
50% depletion 0.49 2.18 306 264 210

Figures 1–3 show the yield, average water productivity of 
evapotranspiration, and irrigation for both sites.

In both sites, average water productivity of evapotrans-
piration and yield in the 10-day schedule began to decrease 
when the irrigation depth was below 50 mm. The irrigation 
depth that maximized water productivity of irrigation was 
30 mm. For the 5-day schedule, water productivity of 
evapotranspiration and yield started to decrease when 
the irrigation depth fell below 20 mm. The irrigation depth 
that maximized water productivity of irrigation was 15 mm.

Considering water productivity of evapotranspiration 
and yield, the 5-day schedule was better, as the depth 
of water that maximized these parameters was 20 mm, 
compared with 50 mm for the 10-day schedule. With the 
5 day-schedule, 10 mm of water, or 100 m3/ha, is saved 
every 10 days. The disadvantage of the 5-day schedule 
is that it requires more labor than the 10-day schedule.

The two schedules maximize water productivity of irrigation 
with the same amount of water (whether 15 mm every 
5 days, or 30 mm every 10 days). In Trà Vinh, irrigation 
at a depth of 30 mm every 10 days would reduce the 
average yield to 2.43 tonne/ha and irrigation at a depth 
of 15 mm every 5 days would reduce yield to 2.28 tonne/
ha, compared to the baseline case yields of 2.95 and 
3.00 tonne/ha, respectively. In Kiên Giang, irrigation at a 
depth of 30 mm every 10 days would reduce the average 
yield to 2.23 tonne/ha and irrigation at a depth of 15 mm 
every 5 days would reduce it to 2.04 tonne/ha, compared 
to the baseline case yields of 2.58 and 2.63 tonne/ha, 
respectively.

The choice of depth of irrigation to improve water 
productivity of irrigation rather than maximizing water 
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Figure 1: average yield for different irrigation depths and Schedules
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Figure 2: average Water Productivity of evapotranspiration for different irrigation depths and Schedules

Figure 2: Average water productivity of evapotranspiration for different irrigation depths, and for different irrigation schedule
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Figure 2: Average water productivity of evapotranspiration for different irrigation depths, and for different irrigation schedule

0.00 

0.20 

0.40 

0.60 

0.80 

100 50 30 25 20 15 10 

A
ve

ra
ge

 W
PE

T
(K

g/
m

3)

Depth of irrigation
(mm)

Tra Vinh 

10 days schedule 5 days schedule 

0.00 

0.20 

0.40 

0.60 

0.80 

100 50 30 25 20 15 10 

A
ve

ra
ge

 W
PE

T
(K

g/
m

3)

Depth of irrigation
(mm)

Kien Giang 

5 days schedule 10 days schedule 

Figure 3: average Water Productivity of irrigation for different irrigation depths and Schedules

Figure 3: Average water productivity of irrigation in Kiên Giang for different irrigation depths, and for different irrigation schedule
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Figure 3: Average water productivity of irrigation in Kiên Giang for different irrigation depths, and for different irrigation schedule
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productivity of evapotranspiration and yield depends on 
the decrease of yield that is acceptable, while the choice 
of a 5- or 10-day schedule in order to save water depends 
on the feasibility of increased labor at the farm level.

Alternate wetting and drying
Many reports have focused on the possible improvements 
offered by the alternate wetting and drying technique, which 
consists in allowing the disappearance of ponded water 
on the rice field for a determined period before irrigating 
again. For example, Bouman et al. (2000) considered that 
water inputs could be reduced by an alternate wetting and 
drying; according to FAO (2003), water-saving irrigation 
techniques like alternate wetting and drying can reduce the 
unproductive water outflows drastically and increase water 
productivity. We assessed the impact of this irrigation 
management on water productivity and yield in the two 
study sites.

The schedule of alternate wetting and drying chosen was 
a 10-day wet period and 10-day dry period for the whole 
growing period. During the wet period, a standing level 
of water of 50 mm was maintained; in the dry period, a 
depletion of the root zone of 80 mm was allowed. This 
level of depletion is defined as the safe depletion level by 
the AquaCrop model. The results are shown in Table 5.

The alternate wetting and drying schedule considered 
here did not increase yield significantly or increase water 
productivity of evapotranspiration, while the amount of 
water used for irrigation was much higher than in the 
baseline case. Water productivity of irrigation is thus very 
low. In this study, the alternate wetting and drying technique 
did not enable water saving. However, this might be due to 
the fact that we used a very simple schedule, which might 
require adjustments to account for local conditions. 

 3.2 impact of Climate Change

Climate change scenarios are based on the A2 and 
B2 scenarios from the IPCC SRES. For each of these 
scenarios, carbon dioxide (CO2) levels and maximum and 
minimum temperatures are different from the baseline 
case. We considered CO2 concentration to change linearly 
from 401 to 536 parts per million (ppm) for A2 scenario 
and 389 to 478 ppm for B2 scenario, respectively, during 
2010–2050 (IPCC, 2000). The A2CC and B2CC scenarios 
of IPCC have the same characteristics as A2 and B2 
scenarios, except the carbon dioxide level, which remains 
at the concentration in year 2000, 369.41ppm.

In this section, the baseline case is no longer the one used 
in the previous section. The new baselines are the scenarios 
of the previous part with the same irrigation method and 
without climate change. Table 6 shows the results under the 
four climate change scenarios. Water productivity and yield 
are higher with the A2 and B2 scenarios than in the baseline 
case. The increase is slightly higher in the A2 scenario 
than in the B2 scenario, as the yield also increases more 
with the A2 scenario. For the A2CC and B2CC scenarios, 
water productivity and yield are lower than with A2 and B2 
scenarios and about the same as in the baseline scenario. 

The difference between A2 and A2CC scenarios and 
between B2 and B2CC scenarios is that CO2 concentration 
remains equal to the baseline scenario in the A2CC and 
B2CC scenarios. Thus, the increase in temperatures of 
the A2CC and B2CC scenarios has no impact on water 
productivity, but it is responsible for a slight increase in 
yield. The increase in CO2 concentration is responsible 
for the increase of water productivity and the major part 
of the increase in yield. The more CO2 increases (A2 
compared to B2), the more water productivity increases. 

table 5: average Water Productivity, yield, amount of Water from irrigation, and amount of evaporation and 
transpiration for the alternate Wetting and drying technique

average water 
productivity of 

evapotranspiration
(kg/m3)

average yield 
(tonne/ha)

average amount 
of irrigation 

(mm)

average amount 
of evaporation 

(mm)

average amount 
of transpiration 

(mm)

trà Vinh
Baseline case 0.63 3.00 391 201 301
Alternate wetting-drying 0.63 2.96 853 208 295
50 mm every 10 days 0.63 2.95 550 210 292
Kiên giang
Baseline case 0.58 2.63 364 219 260
Alternate wetting-drying 0.60 2.59 833 231 255
50 mm every 10 days 0.59 2.58 550 232 252



231

Se
ss

ion
 2

.1

These results are in accordance with Mainuddin (2010), 
who showed that the increase in yield with climate 
change compared to the baseline case was due to the 
increase of CO2 concentrations, and not to the increase in 
temperature. The increase in temperature in some places 
can be responsible of a very small increase of yield, but in 
most cases, it leads to a small decrease of yield compared 
to the baseline case.

Scheduled irrigation
In both sites, for a 10-day schedule and for every climate 
scenario, water productivity of evapotranspiration and yield 
start to decrease when the irrigation depth is below 50 mm 
and the irrigation depth that maximizes water productivity 
of irrigation is 30 mm (Figures 4-6). The results are similar 
to the ones without climate change. For a 5-day schedule, 

water productivity of evapotranspiration and yield start 
to decrease when the irrigation depth is below 25 mm 
(Figures 7 and 8). The irrigation depth that maximizes 
water productivity of irrigation is 20 mm (Figure 9). These 
results are slightly different from the first ones. The amount 
of water necessary to maximize water productivity of 
evapotranspiration, water productivity of irrigation and 
yield is higher than without climate change.

Alternate Wetting and drying 
With A2 and B2 scenarios, average water productivity 
of evapotranspiration and water productivity of irrigation 
are higher than for the baseline case, due to an increase 
in yield (Table 7). The increase in CO2 is responsible for 
the increase in yield, as there is no increase with the 
scenarios A2CC and B2CC, in which CO2 is constant. 

table 6: average Water Productivity, yield, amount of Water from irrigation, amount of evaporation and transpiration 
for the Baseline Case, under a2, B2, a2CC and B2CC Scenarios

average water productivity 
of evapotranspiration

(kg/m3)

average yield 
(tonne/ha)

average amount 
of irrigation 

(mm)

average amount 
of evaporation 

(mm)

average amount 
of transpiration 

(mm)
trà Vinh
Baseline climate 0.63 3.00 377 202 301
A2 Scenario 0.78 3.87 431 210 317
B2 Scenario 0.74 3.60 417 205 313
A2CC Scenario 0.62 3.10 431 210 317
B2CC Scenario 0.63 3.10 417 205 313
Kiên giang
Baseline climate 0.58 2.63 350 220 260
A2 Scenario 0.72 3.39 382 229 275
B2 Scenario 0.60 3.16 424 253 305
A2CC Scenario 0.58 2.71 382 229 275
B2CC Scenario 0.51 2.71 424 253 305

Figure 4: average yield for different irrigation depths, and for different Climate Scenarios, with a 10-day Schedule

Figure 4: Average yield for different irrigation depths, and for different climate scenarios, with a 10-day schedule
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Figure 4: Average yield for different irrigation depths, and for different climate scenarios, with a 10-day schedule
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Figure 5: average Water Productivity of evapotranspiration for different irrigation depths, and for different Climate 
Scenarios, with a 10-day Schedule

Figure 5: Average water productivity of evapotranspiration for different irrigation depths, and for different climate scenarios, with a 10-day schedule 
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Figure 5: Average water productivity of evapotranspiration for different irrigation depths, and for different climate scenarios, with a 10-day schedule 
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Figure 6: average Water Productivity of irrigation for different irrigation depths, and for different Climate Scenarios, 
with a 10-day Schedule

Figure 6 Average water productivity of irrigation for different irrigation depths, and for different climate scenarios, with a 10-day schedule
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Figure 6 Average water productivity of irrigation for different irrigation depths, and for different climate scenarios, with a 10-day schedule
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Figure 7: average yield for different irrigation depths, and for different Climate Scenarios, with a 5-day Schedule
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Figure 7: Average yield for different irrigation depths, and for different climate scenarios, with a 5-day schedule
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Figure 8: average Water Productivity of evapotranspiration for different irrigation depths, and for different Climate 
Scenarios, with a 5-day Schedule

table 7: average Water Productivity, yield, amount of Water from irrigation, amount of evaporation and transpiration 
for the alternate Wetting and drying Schedule, under a2, B2, a2CC and B2CC Scenarios

average water productivity 
of evapotranspiration

(kg/m3)

average yield 
(tonne/ha)

average amount 
of irrigation 

(mm)

average amount 
of evaporation 

(mm)

average amount 
of transpiration 

(mm)
trà Vinh
Baseline case 0.63 2.96 853 208 295
A2 0.77 3.78 947 219 308
A2CC 0.62 3.02 947 219 308
B2 0.73 3.52 924 215 304
B2CC 0.63 3.02 924 215 304
Kiên giang
Baseline case 0.60 2.59 833 231 255
A2 0.73 3.31 882 241 266
A2CC 0.59 2.65 882 241 266
B2 0.61 3.06 922 263 294
B2CC 0.52 2.63 922 263 294

Figure 8: Average water productivity of evapotranspiration for different irrigation depths, and for different climate scenarios, with a 5-day schedule 
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Figure 8: Average water productivity of evapotranspiration for different irrigation depths, and for different climate scenarios, with a 5-day schedule 
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Figure 9: average Water Productivity of irrigation for different irrigation depths, and for different Climate Scenarios, 
with a 10-day Schedule

Figure 9 Average water productivity of irrigation for different irrigation depths, and for different climate scenarios, with a 5-day schedule
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Figure 9 Average water productivity of irrigation for different irrigation depths, and for different climate scenarios, with a 5-day schedule
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The increase in yield is more important than the increase 
of evapotranspiration and irrigation, as water productivity 
of evapotranspiration and irrigation are higher than for 
the baseline case. The increase of CO2 concentration of 
climate change improves the results for water productivity 
and yield under an alternate wetting and drying irrigation 
management. But this irrigation management is still far 
from giving the best results, compared with scheduled 
irrigation at precise depths.

4. Conclusion

The study aimed at assessing the impact of different 
parameters on yield, water productivity of evapotranspiration 
and water productivity of irrigation. The major outcomes are 
that soil does not have any influence on water productivity 
of evapotranspiration and yield as long as standing water 
remains. The impact of fertility level on yield is very 
important, but in real conditions it is often not maximized. 
Concerning irrigation management, a small difference in 
the amount of water provided to the rice crop can have 
significant impact on yield and thus on water productivity. 
With regard to effects of climate change, the increase in 
yield and water productivity is due to the increase in carbon 
concentration, and not to the increase of temperature. 
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abstract

tons of rice exported annually. In 2001, the Government 
adopted a 20-year plan for the agricultural sector to reach 
3.7 million hectares of irrigated rice by 2020 and targeted a 
stable annual rice production of 41 million tons (Ministry of 
Agriculture and Rural Development, 2009a). However, as 
the Government’s policies shifted toward industrialization, 
many productive rice areas were converted to industrial 
and urban uses. To worsen matters, many rice cultivation 
areas have recently been either less productive or 
completely abandoned due to the effects of climate change 
and saline intrusion.

To identify progress and prospects in meeting the 
Government’s ambitious goal, annual assessment of 
national rice production is needed. This requires up-to-
date and accurate information on where and when rice 
is grown in the Mekong Delta, the largest rice producing 
region of the country. This has become an extremely 
difficult task because rice cropping patterns vary by 
areas. Throughout the year, changes in the rice cropping 
patterns are driven by the availability of water supply, soil 
conditions, and crop management practices, leading to a 
variety of land cover patterns across the delta. This has 
created serious problems for the local authorities and 
the Ministry of Agriculture and Rural Development, and 
has resulted in inaccurate information on the area of rice 
cultivated and production achieved. As a consequence, 
published statistical data are unreliable; hence, planning 
to avoid food security issues suffers accordingly. 

One solution for monitoring the change of rice cropping 
patterns in the region is to use remote sensed data. A 
common mapping approach is to use long time-series 
of the Normalized Difference Vegetation Index (NDVI) 
derived from optical satellite sensors. This approach 
assumes that the seasonal NDVI variability is related to 
the behavior of vegetation phenology. NDVI is numerically 
calculated as:

NDVI = (NIR–RED) (1)(NIR + RED)

where RED and NIR stand for the spectral reflectance 
measurements acquired in red and near-infrared regions, 
respectively. 

NDVI indicates the greenness of vegetation cover 
(Sellers, 1985) and by using multi-temporal or hyper-
temporal imagery, researchers have been able to provide 
useful information on LCLU and their changes over time 
(Townshend and Justice, 1986; Townshend et al., 1987; 

Irrigated rice farming system plays an important role in the 
whole agroecological system of the Mekong Delta, Viet 
Nam. In this research, the hyper-temporal vegetation index 
(NDVI) derived from SPOT satellite imagery was used to 
map the spatial and temporal variation in regional rice 
cropping patterns. With support from interview data, 77 
rice-cropping pattern classes were identified, of which 26 
rice classes were validated using another field dataset. The 
validation result showed very good agreement between 
the mapped rice-cropping patterns and the reality, with an 
overall accuracy of 94%. The distribution of double and 
triple rice cropping patterns was related to flooding in the 
Hau and Tien rivers. The double rice cropping system was 
mostly found in the upper part of the rivers where rice 
fields were more vulnerable to flooding, while the triple rice 
cropping system was mainly found in the southeastern and 
central part of the delta. The duration of flooding strongly 
affected decisions made by farmers on what rice varieties 
they should grow. The overall spatial variability of the 
Mekong Delta mostly coincides with the administrative 
units, indicating that rice-cropping pattern choices and 
water control measurement were locally synchronized. 

1. introduction

Rice is the most important crop in Viet Nam. The total 
rice area of the country by 2000 was around 3 million 
hectares with an annual production of 32.5 million tons 
(Ministry of Agriculture and Rural Development, 2009a). 
This led to Viet Nam’s emergence as the second largest 
rice exporting country in the world, with almost 5.8 million 

Remote Sensing-based Method to Map Irrigated Rice Cropping Patterns 
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Lenney et al., 1996). A number of studies have used optical 
remote sensing to map irrigated rice areas (Kamthonkiat 
et al., 2005; Sakamoto et al., 2006, 2009a, 2009b; Xiao 
et al., 2002, 2005, 2006). However, these studies could 
not provide and describe all major temporal and spatial 
details of existing rice cropping patterns. Given the proven 
high potential of hyper-temporal NDVI image series for 
monitoring and mapping cropping patterns, our study 
aimed to investigate the use of SPOT VEGETATION 
(SPOT VGT), 10-day NDVI images to describe and map 
irrigated rice cropping patterns of the Mekong Delta. The 
specific aim was to differentiate and describe the spatial 
and temporal patterns of rice grown in the region and to 
develop an informative and user-friendly legend for the 
resulting map of the rice cropping systems.

2. Materials and Methods

 2.1. Study area

The Mekong Delta is the southernmost region of Viet 
Nam. It is located between 8o30’ to 11o00’ N and 104o30’ 
to 106o50’ E and is bounded by the South China Sea in the 
east, the Gulf of Thailand in the southwest, and Cambodia 
in the northwest (see Figure 1). Its climatic conditions are 
characterized as savanna type according to the Koppen 
classification (Sakamoto et al., 2006). The rainy and the 
dry seasons of the region are well defined; there are on 
average 145 overcast days. The delta is relatively flat with 
elevations ranging from 0 to 20 meters above sea level. 
The soils of the region are mostly alluvial. 

Figure 1: geographical Location of the Mekong delta, Viet nam
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Rice is mostly cultivated as a monoculture using double 
or triple sequential cropping methods, although in some 
areas only a single crop of rice is grown in the year. The rice 
crops are winter-spring (W-S), spring-summer (S-S), and 
summer-autumn (S-A). The number of crops per year is 
strongly related to water availability and water management 
practices. Water originates from the two largest branches 
of the Mekong River: the Tiền and the Hậu rivers. In some 
flood-controlled areas, gates of dikes are opened during the 
flooding season every 3 or 4 years to flood the paddy fields. 
This is done for about a month, usually from September 
to October before the start of the W-S rice crop. It helps to 
deposit silt, increase soil fertility, and manage pests and 
diseases without affecting the cropping calendar.

 2.2. data

SPOT 4 and 5, 10-day NDVI 1 km resolution imagery was 
retrieved for the period April 1998 to March 2008 (VITO, 
2008). These two systems have identical characteristics. 
Unlike the normal NDVI data ranging from -1 to 1, the 
SPOT NDVI images used in this study were unsigned-8-
bit integers. The digital numbers (DN) were calculated by 
VITO using equation 2:

DN = NDVI + 0.1 (2)0.004

All 354 images retrieved were stacked into a single image 
for subsequent classification.

Two field trips to the Mekong Delta were made. The first took 
place in September and October 2008. Through stratified 
clustered random sampling based on the initial map generated 
from the SPOT NDVI data of 26 preselected NDVI classes, 
112 paddy fields were visited. All 26 classes were confirmed 
as rice, and their crop calendars were characterized based 
on interviews with farmers in their fields. The second field trip 
was made from December 2008 to May 2009. During this trip, 
68 additional fields were surveyed to serve as validation data 
for the generated map of rice cropping patterns. 

Several ancillary data sets were collected and used in 
this study: the official land-use map 2005 of the Mekong 
Delta (NIAPP, 2008) and the official districts, roads, rivers, 
and irrigation works maps. The official land-use map 2005 
provides information on where rice is possibly grown, and 
helped in pre-selection the 26 NDVI classes for the first 
field work. This map was prepared using all possible cloud-
free Landsat enhanced thematic mapper (ETM) images 
of the area.

 2.3. Mapping the rice cropping patterns

The ISODATA clustering algorithm was employed to make 
a series of classification runs of the 10-year stacked NDVI 
images; the pre-defined number of classes was set from 
10 to 100, making a total of 91 classification runs. For 
each run, the maximum number of iterations and the 
convergence threshold were set to 50 and 1, respectively. 
Selection of the best classification was based on cluster 
separability using the divergence statistic (Swain, 1978). 
The average and minimum divergences statistical indices 
calculated for all possible classified NDVI groups were all 
examined.

To construct the rice cropping pattern map legends, 
three steps were taken. The first step was to extract rice 
crop calendar information from interview data. These 
records were then grouped by NDVI classes on the basis 
of the number of crops grown sequentially within one 
year in association with the characters of the cultivated 
rice varieties. The second step was to examine the rice 
cropping calendars in relation to the flooding regime from 
the main rivers. The information on flood duration (full 
inundation) and extent was added to the map legend. Low 
NDVI values indicate flooding (Xiao et al., 2002; de Bie et 
al., 2008). A decadal mean NDVI DN value of 50, which 
is equal to 0.1 of a normal NDVI value (see equation 2), 
was set as the upper threshold for flooding detection. This 
value is lower than the value of 75 suggested by Xiao et al. 
(2002) because in our research, flooding refers to complete 
inundation of the area by sometimes up to 5 meters (m) of 
water, while in Xiao et al. (2008), flooding refers to irrigation 
associated with the rice transplanting period. The extent 
of flooding was recorded as either partial or extensive. 
The assessments on timing and extent of flooding were 
made by evaluating, by NDVI class, the spatial patterns 
over time of pixels having NDVI DN values lower than 
50. These were based on the original 2004–2007 10-
day NDVI images only. Areas with flood duration of less 
than one month were labeled as controlled, otherwise as 
uncontrolled. The last step was to describe all surveyed 
NDVI classes based on tabulated information on cropping 
patterns, flooding regime, and varieties grown. Additional 
information collected on soil type, soil salinity, and soil pH 
was added to the legend as notes. 

Validation of the final rice cropping pattern map was 
done using the Kappa statistic, which shows the extent 
of agreement between the map legend and the second 
field trip data. 

Remote Sensing-based Method to Map Irrigated Rice Cropping Patterns 
of the Mekong Delta, Viet Nam
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3. results 

Figure 2 shows the separability comparison for 10–100 
separate NDVI classifications. The separability indices 
increase slowly until the number of classes reaches 77, 
where the average separability displays a unique peak; 
after 77 classes, the pattern is erratic. This indicates 

that 77 is the most reasonable choice for correct pattern 
recognition while keeping the number of classes relatively 
low (less than 100).

Figure 3 provides an example of the temporal profiles 
of 3 different NDVI classes representing 3 rice cropping 
systems. 

Figure	2:	The	Average	and	Minimum	Separability	Indices	for	NDVI	Classes	Classified	from	10-Year	Dataset.	

Figure	3:	10-Year	NDVI	Profiles	of	Three	Rice	Cropping	Systems
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Figure 4a: rice Cropping Pattern Map of the Mekong delta

Figure 3 demonstrates clearly that past temporal land 
cover (NDVI) behavior can be examined and interpreted, 
subject to results of interview-based fieldwork. This serves 
to emphasize the point that NDVI datasets covering 
multiple years should not be merged into an annual 
representative data-stack, without considering whether 
inter-annual variability may be present. Furthermore, 

applying a supervised classification to such time-series 
datasets would not allow a user to visually train time-
series profiles as past land cover changes are difficult to 
incorporate into a supervised classification scheme. 

Figure 4a shows the rice cropping pattern map and Figure 
4b shows the detailed legend. The legend presents the rice 

A–H: land classes, see Figure 4b.

Remote Sensing-based Method to Map Irrigated Rice Cropping Patterns 
of the Mekong Delta, Viet Nam
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Figure 4b: detailed Legend for the rice Cropping Pattern Map, Showing the rice Varieties used
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patterns in the delta and provides key information about the 
types of rice cropping in association with information about 
the flooding regime. The map also shows areas of rice that 
were not surveyed due to time limitations. In all surveyed 
areas, farmers practise either double rice cropping (2 x 
Rice) or triple rice cropping (3 x Rice) within a year.

The detailed legend (see Figure 4(b)) provides information 
about the variability in cropping patterns. Even within a 
class, overlap between two crops is found. For instance, 
in class 53, while the harvesting of the second crop had 
not totally been completed in some areas, sowing of the 
third crop already began elsewhere. This clearly indicates 
a high degree of temporal variability in cropping calendars. 
The legend also reveals that a variety of flooding 
conditions exists. Classes that are located in areas that 
are extensively flooded for long periods, such as classes 
22, 31 and 33, only have two rice crops per year. Classes 
that are located in controlled flooding areas, and that are 
only flooded for a short period often have three crops. 
The flood regime affects the farmers’ choices of which 
rice varieties to grow. To sustain the triple rice cropping 
pattern in controlled flooding areas, farmers tend to choose 
varieties with shorter growing periods (around 90 days), 
whereas in uncontrolled flooding areas, farmers prefer 
longer duration rice varieties. The legend also shows soil 
problems reported by farmers. Classes such as 42, 29 and 
33 experience acidity problems whereas others, including 
classes 61, 46 and 66, suffer from salinization.

The validation (Table 1) shows very good agreement 
between our map and field data, with an overall accuracy of 
94% and a Kappa of 0.93. Misclassifications based on site 
location occurred once for NDVI class 42 characterized by 
double rice cropping, and three times for class 53 mapped 
as triple cropping.

4. discussion and conclusions

The results show that mapping irrigated rice cropping 
patterns in the Mekong Delta using hyper-temporal images 
was highly successful. The 10-year sequence of decadal 
images from the SPOT VGT sensor supported a very 
effective and detailed identification of complex cropping 
patterns of irrigated rice. Use of hyper-temporal NDVI data 
allows accurate and up-to-date information to be mapped 
when required, while the official land-use map is updated 
only once every 5 years.

The amount of detail about the rice crops is much higher in 
our map legend than in the official 2005 land-use map and 
reveals that the cropping patterns are closely associated 
with environmental conditions, especially prevailing 
flooding regimes. 

Climate change may have a significant impact on rice 
production in the region. The number of days that have 
average daily temperature more than 35°C in the Mekong 

table 1: accuracy of the rice Cropping Patterns Map using the detailed Legend

Sample site classes according to their location on map Samples
User’s 
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ndVi group a B C e F g
ndVi class 53 51 37 55 66 63 44 29 42 60

53 16 0 0 0 0 0 0 0 0 0 16 100
51 2 5 0 0 0 0 0 0 0 0 7 71
37 0 0 2 0 0 0 0 0 0 0 2 100
55 0 0 0 10 0 0 0 0 0 0 10 100
66 0 0 0 0 2 0 0 0 0 0 2 100
63 1 0 0 0 0 4 0 0 0 0 5 80
44 0 0 0 0 0 0 2 0 0 0 2 100
29 0 0 0 0 0 0 0 4 0 0 4 100
42 0 0 0 0 0 0 0 0 4 0 4 100
60 0 0 0 0 0 0 0 0 1 15 16 94

Samples 19 5 2 10 2 4 2 4 5 15 68
Producer’s accuracy (%) 84 100 100 100 100 100 100 100 80 100 Overall 94%. accuracy:

Kappa: 0.93
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Delta could be more than 210 by the late 2090s (Jintrawet 
and Chinvanno, 2008), which would not be the most 
preferable growing condition for rice in the region. Sea-
level rise will have a large impact on rice production in 
the delta. According to Viet Nam Sub Institute of Water 
Resources Planning (SIWRP) (2010), by 2100 most of the 
upper Mekong Delta would be covered under 3 m of water 
if the predicted sea-level rise of 100 cm occurs. In addition, 
most of the lower part of the region would be highly affected 
by saline intrusion. This would clearly lead to a shift in rice 
cropping calendars and many areas that are most suitable 
for rice production would probably disappear, resulting in 
a big decline in the region’s rice production.

However, as our research reveals, the rice cropping 
patterns proved very homogeneous at the commune level; 
hence, strategies to mitigate any effects of climate change 
on rice cropping systems should consider inclusion of 
communes. By synchronizing seeding and harvesting 
time, damage to rice by pests and diseases remains 
limited; water management is also better controlled at the 
local level. The borders of our map units often coincide 
with administrative boundaries (Figure 6). This area-based 
homogeneity contributed to our mapping success; the 

Source: SIWRP (2010).

Figure 5: Scenario of Sea-level rise by 100 cm in 2100 with the associated effect of Saline intrusion.

map-units, which are based on 1 km2 pixels, are generally 
too small to contain a mix of cropping patterns, so that in 
the legend a 1:1 relationship between class and pattern 
was obtained.

We were not, however, able to include in the map legend 
pertinent information on rice varieties grown, due to the 
high annual variability in farmers’ choice of varieties. 
Nevertheless, the lengths of rice growing seasons 
remain the same. They reflect the adaptation of the local 
famers to the annual change of environmental conditions, 
especially the fluctuation of the flooding regime. By using 
hyper-temporal NDVI data, monitoring and mapping such 
changes in rice cropping patterns in the Mekong Delta has 
proven very successful. 
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Figure 6: overlay of Mekong Commune Boundaries on the ndVi-based rice Cropping Pattern Map
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HeaLtH CoSt oF PeStiCide uSe 
PraCtiCeS in Mung Bean (Vigna 
radiata L) ProduCtion in MyanMar

Seinn Seinn Mu1 and Corazon T Aragon2

abstract

1) introduce alternative and safer pest control strategies 
(e.g., crop rotation, IPM, use of pest-resistant varieties, 
etc.); 2) conduct more training on proper pesticide use for 
farmers and hired farm workers; 3) monitor the pesticide 
importing companies, dealers, and retailers on the sale of 
banned pesticides in the market; 4) provide public health 
education to mung bean farmers on pesticide handling and 
safety practices.

1. introduction

Being a developing country, Myanmar’s goal of attaining 
food security in agricultural production partly depends on the 
use of pesticides. Since a market-oriented economy was first 
initiated in 1988, the country’s exports of most agricultural 
products were opened to private trade. Likewise, the import 
and distribution of agricultural inputs such as seeds and 
agro-chemicals were also liberalized. In particular, subsidies 
for fertilizer and pesticides were greatly reduced, and the 
private sector was allowed to play a greater role in the 
distribution of such inputs (Oo, 2006). This has led to the 
rapid increase in the use of pesticides especially on pulses, 
cotton and vegetables rather than on rice. Insecticides 
comprised the largest share of imported pesticides and the 
rest are herbicides, fungicides and others (Figure 1).

Figure 1: trend in Pesticide importation in Myanmar, 2002-2007
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Source: Plant Protection Division, Myanmar Agriculture Service.

The study assessed the effect of pesticide use practices in 
mung bean production on health cost in Khayan-Thongwa 
area, Yangon Division in Myanmar utilizing both primary and 
secondary data. Random sampling was used in selecting 
the sample respondents composed of 148 mung bean 
farmers and 58 hired farm workers. High dosage farmers 
who used 500 gm active ingredient (ai)/ha and above of 
pesticides, on the average, incurred the highest total health 
cost (26,378 Kyat), followed by moderate dosage farmers 
who used 250-500 gm ai/ha of pesticides (14,385 Kyat) 
and low dosage farmers who used less than 250 gm ai/
ha of pesticides (3915 Kyat). To improve crop productivity 
and lessen the health risk of mung bean farmers and hired 
workers resulting from improper pesticide practices in the 
study areas, the following recommendations are suggested: 

Health Cost of Pesticide Use Practices in Mung bean (Vigna radiata L) 
Production in Myanmar
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In recent years, yield-increasing measures and quality 
improvement of pulses through agricultural intensification 
such as the use of chemical fertilizers and pesticides, 
irrigation practices and crop management technologies 
have become an important issue in Myanmar’s agriculture 
sector. Specifically, the use of pesticides rapidly increased 
and it became an indispensable production input among 
pulses growers to minimize yield losses and poor quality of 
the produce caused by pest and disease infestation. Most 
of the pulses growers in Myanmar seem to treat pesticides 
as substitutes for fertilizers. Owing to high input prices, 
farmers could not afford to apply the recommended rate of 
fertilizers. However, they want to minimize the risk of a very 
large crop failure caused by pest infestation by devoting 
much of their savings in pesticide application with great 
expectation of short-term benefits. Also, increases in pulse 
prices have a significant positive influence on pesticide 
use, indicating that a boost in pulses prices would also 
induce increased use of pesticides. 

So far, an effective control measure has not been achieved 
practically (Morris and Waterhouse 1998 as cited by Oo, 
2006 ) and use of chemical pesticides is the only control 
measure practiced at present due to its rapid action in 
controlling widespread pest infestation and the lack of 
other more reliable pest control practices. However, 
current practices of farmers based on prophylactic tactics 
have become increasingly questioned due to a number of 
reasons such as unsustainable crop production, inefficient 
pest control, damage to the environment and occupational 
health hazards to farmers and farm workers.

2. objectives

The objective in this paper is to describe the pesticide use 
practices of mung bean farmers as well as to examine the 
effects of pesticide use on  human health (i.e., incidence of 
diseases and pesticide poisoning and health cost) of farm 
workers and farmers engaged in mung bean production. 

3. Study design and Sampling

The study utilized both primary and secondary data. 
Secondary data were gathered from the Plant Protection 
Division, Myanmar Agriculture Service, Khayan, Thongwa 
township settlement offices, and the Settlement and Land 
Records Department. Clinical data on the incidence of 
pesticide poisoning were obtained from township hospitals 
of Khayan and Thongwa. Primary data were collected from 

the farmers through personal interviews using a pre-tested 
interview schedule covering Crop Year (CY) 2008.

The study was conducted in Yangon Division in Myanmar. 
The townships of Khayan and Thongwa were purposively 
selected in this study because they are major mung bean 
growing areas in Yangon Division and pesticide use is 
widely practiced in these areas. Random sampling was 
employed in selecting the sample farmer- respondents. 
A total of 148 sample farmers and 58 hired pesticide 
applicators were included in the study.

In this study, descriptive statistics such as the mean, 
percentages, and frequencies were computed to describe 
the socio-economic characteristics (e.g., age, educational 
attainment, and income) of the sample mung bean farmers 
and their household members, current pesticide practices 
of the sample farmers such as: the number of years using 
pesticides, insecticide dosage, spraying frequency, timing 
of application, types of diseases caused by  pesticide use, 
number of days the farmer/ laborer were sick/unable to 
work due to pesticide-related diseases, kinds of illness 
caused by pesticide use, cost of medication, and kind of 
self-medication.

4. results and discussion

description of the Study area

Khayan-Thongwa region is situated in the Southern part 
of the former capital, Yangon. The total area of Khayan-
Thongwa is 143,186.6 hectares of basically flat land. The 
total agricultural land is 103,056.4 hectares and accounts 
for 72 percent of the total area. The proximity to the sea 
causes a salinity problem, especially in the dry season, 
and it is estimated that five percent of the land is already 
affected. Paddy land accounted for 98 percent of the total 
agricultural land, orchard, 1.8 percent, and toddy palm, 
0.2 percent. There are 24 subdivisions, 115 village groups 
and 320 villages in Khayan-Thongwa area. Among the 
total population of 322,389, about 70 percent are farm 
households and the rest (30 %) are non-farm households.

Khayan-Thongwa has the largest pulses growing area 
among the nine townships of Yangon Southern District and 
is especially famous for mung bean production. The major 
cropping pattern in Khayan and Thongwa townships is rice 
followed by mung bean. Other crops such as groundnut, 
black gram, sunflower, vegetables, and cow peas are 
grown on a limited scale.
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Characteristics of the Sample Mung Bean Farmer-
respondents and their Mung Bean Farms

The socio-economic characteristics of the sample farmer-
respondents are presented in Table 1. The sample mung 
bean farmer-respondents were classified into three groups 
according to pesticide usage. Group 1 are low dosage 
users who used less than 250 gm active ingredient  
(ai)/ha of pesticides. Group 2 are moderate dosage users 
or farmers who applied 250-500 gm ai/ha of pesticides 
while Group 3 are high dosage users or farmers who used 
500 gm ai/ha and above of pesticides.

The mean age of the three groups of farmers was 47 
years old. Most of the sample mung bean growing farmers 
(90%) were male, while only 10 percent were female. The 
average number of years of schooling of Groups 1, 2 and 
3 farmers was 5.66, 5.96 and 6.6 years, respectively. The 
average household size of the three groups of farmers was 
approximately five persons.

Most of the farmers were engaged in rice-based farming 
system for several years already. The minimum recorded 
years of rice-mung bean farming experience of the sample 
farmers was two years and the maximum was 57 years. 
On the average, the 148 sample farmer-respondents had 
22 years of experience in mung bean production. The 
average farm size of Groups 1, 2 and 3 farmers was 3.48, 
4.01 and 4.53 hectares, respectively.

Majority of Group 1 (70%), Group 2 (67%) and Group 3 
(74%) sample farmer-respondents accessed credit from 
both formal and informal sources (Table 1). The amount 
borrowed depended on the size of the land holding. 
Informal sources consisted of relatives, neighbors, and 
local money lenders while the formal source was the 
Agricultural Development Bank. On the other hand, about 
30 percent of Group 1, 33 percent of Group 2 and 26 
percent of Group 3 farmers borrowed from formal sources 
only such as the Myanmar Agricultural Development Bank 
and the Village Peace and Development Council at an 
interest rate of 1.5 percent per year. The maximum interest 
rate charged by informal money lenders was 20 percent 
while the minimum was three percent per year.

Pesticide Practices

The common types of pesticide used by the sample mung 
bean farmers were emulsifiable concentrate and soluble 
powder. Endosulfan and Monocrotophos were still used 
by the sample farmer-respondents, although they were 
included in the banned pesticide list in Myanmar. Some 
highly hazardous chemicals such as methomyl were illegally 
imported from border areas. It was highly demanded by 
mung bean farmers due to its stronger concentration and 
lower price in comparison with other pesticides sold in 
the market. Furthermore, mung bean farmers preferred 
Organophosphates such as Acephate, Dimethoate and 
Phenthoates to Organochlorines for wide-spectrum toxicity.

Table	1:	Socio-economic	characteristics	of	148	sample	mung	bean	farmer-respondents	classified	according
 to pesticide dosage, Khayan-thongwa, Myanmar, 2008

Characteristics group 1 Farmersa group 2 Farmersb group 3 Farmersc all Farmers
Number of respondents 41 49 58 148
Average age (years) 47 49 47 47
Gender :
     –  Male (%) 90 84 93 90
     –  Female (%) 10 16 7 10
Average educational attainment (schooling years) 5.66 5.96 6.6 6.13
Average household size (person) 4.9 4.69 4.81 4.79
Average farming experience (years) 22.88 22.08 21.41 22.04
Average farm size (ha) 3.48 4.01 4.53 4.07
Source of credit:
     –  Formal and informal sources (%) 70 67 74 71
     –  Only formal sources (%) 30 33 26 29
Source of income:
     –  Mung bean (%) 61 57 58 59
     –  Paddy (%) 30 32 28 29
     –  Off-farm income (%) 3 7 7 6
     –  Non-farm income (%) 6 4 6 6
a  Farmers’ group using pesticides at less than 250 gm/ha of  ai (low dosage)
b  Farmers’ group using pesticides at 251-500 gm/ha of  ai (moderate dosage)
c  Farmers’ group using pesticides at more than 500 gm/ha of  ai (high dosage)

Health Cost of Pesticide Use Practices in Mung bean (Vigna radiata L) 
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Similarly, some farmers used Organophosphates together 
with pyrethroids such as cypermethrin and carbamates 
(e.g., Methomyl and Carbosulfan). Some farmers also 
used pesticides by mixing the same active ingredients with 
different trade names. However, the current sales promotion 
and advertising programs of pesticide companies have 
encouraged farmers to use more pesticides. 

Frequency of pesticide application. Pesticide application 
patterns by the sample mung bean farmers do not reflect 
current pest situations. Even with no serious pest attack, 
farmers applied insecticides frequently with the maximum 
application frequency of 10 times and minimum application 
of two times. The average frequency of application was 
five times. The frequency of application per cropping is 
influenced by the interval of spraying. The less the number 
of days of interval, the more frequent the spraying would 
be. Thus, the most common spraying interval was seven 
to ten days as reported by 50 percent of all the sample 
respondents (Table 2). 

Timing of insecticide application. The critical factors that 
farmers consider in determining the timing of pesticide 
application are crop age, presence of pest infestation, 
degree of pest infestation, past year’s history of pest 
infestation, neighboring farmers’ recommendation and 
pesticide salesmen’s instruction. Majority (36%) of the 148 
sample farmer-respondents reported that they sprayed 
according to crop age such as 14 days after sowing (DAS) 

and 34 days after flowering (DAF) onwards. Crop age was 
the most important factor considered by the three groups 
of farmers in their decision on the timing of pesticide 
application. A larger proportion of Group 2 farmers (45%) 
cited crop age as the foremost factor compared to Group 
3 (34%) and Group 1 (27%) farmers.

The second most important factor which influenced the 
farmers’ decision on the timing of pesticide application 
was the presence of pests. Twenty-four percent of the 
148 sample farmer-respondents stated that they sprayed 
when they saw the pests such as aphids, boll worms, 
army worms or jassaids attacking the plants. About four 
percent of the total respondents said that they sprayed 
8 to 10 times when there was heavy pest infestation. All 
the three groups considered the pesticides salesmen’s 
recommendations as the third most important factor 
which influenced their decision on the timing of pesticide 
application. However, some farmers sprayed pesticides as 
a protective or prophylactic measure regardless of whether 
there was pest infestation or not. 

5. Health Cost related to Pesticide use

Medication

All the sample respondents composed of mung bean 
farmers and hired applicators practiced self-medication 

table 2: Frequency, spraying interval and timing of pesticide application by farmers’ group,
148 sample mung bean farmer-respondents, Khayan-thongwa, Myanmar, 2008

Pesticide Practices
no. of Farmers reporting

group 1a

(n = 41)
group 2b

(n = 49)
group 3c

(n = 58)
all

(n = 148)
Frequency of pesticide application
   2-4 times 20 (49) 23 (47) 24 (41) 67 (45)
   5-7 times 19 (46) 22 (45) 33 (57) 74 (50)
   8-10 times 2 (5) 4 (8) 1 (2) 7 (5)
Spraying interval (days)
   5-6 3 (7) 6 (12) 2 (4) 11 (5)
   7-10 25 (61) 19 (39) 35 (60) 79 (50)
   14-25 13 (32) 24 (49) 21 (36) 58 (45)
Factors that Farmers Considered in their Decision on the Timing of Pesticide Application
   Crop age 11 (27) 22 (45) 20 (34) 53 (36)
   Presence of  pests 10 (24) 11 (22) 15 (26) 36 (24)
   Degree of pest infestation 2 (5) 4 (8) 1 (2) 7 (5)
   Salesmen’s recommendations 8 (20) 10 (20) 14 (24) 32 (22)
   Othersd 10 (24) 2 (5) 8 (14) 20 (13)
Figures in parentheses are percentages
a  Farmers’ group using pesticides at less than 250 gm/ha of  ai (low dosage)
b  Farmers’ group using pesticides at 251-500 gm/ha of  ai (moderate dosage)
c  Farmers’ group using pesticides at more than 500 gm/ha of  ai (high dosage)
d  Others include neighboring farmers’ recommendations, past year’s experience, and as a protective or prophylactic measure
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especially for less serious cases of pesticide poisoning and 
consulted professional doctors or assistant pharmacists 
for more serious cases. Almost half of the farmers just took 
a rest after applying insecticides and only 13 percent of 
them took cheaper traditional medicine such as analgesic 
pills. About 28 percent of the farmers reported that they 
immediately took a bath after pesticide application to 
remedy the skin or eye irritation.

Health Cost

Direct and indirect costs were determined to estimate 
the total health cost. Direct costs included the cost of 
medicines, doctor’s fees, room charges, laboratory 
analysis, and transportation cost in going to and from 
the hospital. Indirect cost was measured in terms of the 
income forgone or opportunity cost of the farmers or farm 
workers for not working on the farm due to pest-related 
diseases (Rola and Pingali, 1993). 

As shown in Table 3 and Appendix Table 1, the mean 
indirect health cost of Group 3 respondents (7,942 Kyat) 
was significantly higher than that of Group 2 respondents 
(5,099 Kyat) at five percent probability level and that 
of Group 1 respondents (2,187 Kyat) at one percent 
probability level. This could be attributed to the fact that 
Group 3 respondents or those who applied the highest 
dosage of pesticides and who also reported the highest 
proportion of those who did not use protective clothing 
and masks exhibited the highest opportunity cost of labor 
foregone due to more incidence of pesticide poisoning 
in this group. It was found that there was no hospitalized 
case among Group 1 farmers. They merely consulted an 
assistant pharmacist or did self-medication for their illness. 

As Group 3 had the highest number of sick and rest days 
compared to Group 1 and Group 2 respondents, the mean 
indirect cost of Group 2 respondents was significantly 
higher than that of Group 1 respondents at one percent 
probability level. Again, this could be explained by the 
higher opportunity cost of labor foregone of Group 2 
respondents as reflected from the higher number of sick 
and rest days in this Group as compared to Group 1 
respondents.  

This could be largely attributed to the significantly higher 
cost of medicines and consultation fees paid by Group 
2 respondents considering that Group 1 respondents 
merely consulted assistant pharmacists instead of seeking 
professional treatment from medical doctors. Moreover, 
Group 1 respondents merely sought medical treatment as 
outpatients. None of them were hospitalized. Hence, they 
did not incur any hospital costs such as room charges 
and laboratory fees. Comparing the total health cost of 
the three groups of respondents who got ill from pesticide 
poisoning, Group 3 respondents, on the average, incurred the 
highest total health cost (26,378 Kyat), followed by Group 2 
respondents (14,385 Kyat). Group 1 respondents spent the 
lowest total health cost (3,915 Kyat), on the average (Table 3).

The differences in the mean total health cost between 
Group 1 and Group 3 respondents and between Group 1 
and Group 2 respondents were significant at one percent 
probability level. On the other hand, the difference in the 
mean total health cost between Group 2 and Group 3 
respondents was only significant at 10 percent probability 
level. Twenty sample farmer-respondents who reported 
having been ill due to pesticide use were grouped 
according to pesticide dosage applied.

table 3: Mean health cost of 20 mung bean farmers and 55 hired applicators by groups, Khayan-thongwa, 
Myanmar, 2008

item
Health Cost per Season (Kyat)

group 1a

(n =19)
group 2b

(n = 30)
group 3c

(n= 26)
all

(n=75)
indirect cost 2,187 5,099 7,942 5,347
   Opportunity cost of labor foregone 2,187 5,099 7,942 5,347
direct cost 1,728 9,286 18,436 10,543
   Medicine 913 3,188 6,423 3,733
   Consultation fees 705 3,493 5,538 3,496
   Room charges 0 1,033 3,096 1,487
   Laboratory fees 0 800 2,323 1,125
   Transportation cost 110 772 1,056 702
total health cost 3,915 14,385 26,378 15,890
US$ 1.00 = 1,000 KYAT
a  Group using pesticides at less than 250 gm/ha of  ai (low dosage)
b  Group using pesticides at 251-500 gm/ha of  ai (moderate dosage)
c  Group using pesticides at more than 500 gm/ha of  ai (high dosage)
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Among the three groups, Group 3 farmers or those who 
applied high dosage of pesticides obtained the highest 
mean net income (219,852 Kyat) but they also spent 
the most on health cost (33,388 Kyat) compared to the 
moderate dosage users (Group 2) and the low dosage 
users (Group 1) (Table 4). Hence, the mean net benefit 
from pesticide use, which was computed by deducting 
mean health cost from mean net income, was lowest for 
Group 3 (186,464 Kyat). 

Of the 55 hired farm workers who reported having been ill 
due to pesticide exposure during spraying of insecticides, 
Group 3 composed of those who applied the highest 
dosage of pesticides also incurred the highest total health 
cost (20,977 Kyat) compared to the moderate pesticide 
dosage users (Group 2) and low pesticide dosage users 
(Group 1) (Table 4). Despite their having received the 
highest income from wage employment (91,500 Kyat), 
they received the lowest net benefit from pesticide use 
(70,523 Kyat) because of the substantial amount of health 
cost that they incurred.

6. recommendations

Based on the foregoing results of the study, some policy 
recommendations are suggested below to improve the 
crop productivity and lessen health risk of mung bean 
farmers and hired workers in their pesticide use in the 
study areas and in other major mung bean-producing 
regions with similar socio-economic and crop protection 
practices as the study sites.

1. Introduce alternative and safer pest control strategies: 
Aside from prophylactic chemical control, a number of pest 
control strategies could reduce the pest population at a 
lower social cost than chemical pesticides. Among the 
pest control measures, cultural practices are an integral 

part of most pest control strategies and are effective in 
combination with other pest control measures. Crop 
rotation, timing of planting, and harvesting, use of farm 
yard manure or organic manure, choice of disease- or 
pest- resistant varieties, and proper soil management are 
simple cultural management practices to keep beneficial 
species active and populous enough to control pests. 
Although cultural methods alone are not likely to ensure 
adequate control of pest population, they often can reduce 
pest population pressures and enhance another control 
measure. 

2. Provide more training to mung bean farmers and hired 
workers on proper pesticide usage: The common practice 
of high dosage users was under dozing in the first and 
second sprays and over dozing in the late sprays to control 
the pest outbreak level during the first and second sprays. 
Their preventive use of pesticides was found to be not 
very effective in controlling pest population. Therefore, a 
training on the proper usage of pesticides such as correct 
timing of application, type of pesticide, correct frequency, 
and dosage are essentially needed and will facilitate the 
farmers to correct their practice of misusing pesticides.

3. Monitor the pesticide importing companies, dealers 
and retailers: Owing to the continued sale of banned 
pesticides in the market, the Pesticide Registration Board 
(PRB) should closely monitor the activities of pesticide 
importing companies, pesticide salesmen and dealers and 
impose penalties (e.g., fines) to violators. Legislations on 
the formulation, repacking, fumigation and the issuance 
of retailers’ license should be strictly observed. Currently, 
most pesticide sales companies promote their products 
by employing different marketing strategies such as the 
provision of in-kind or cash credit to farmers before planting 
and giving of a sales incentive to big farmers who could sell 
pesticides to many small farmers through a profit sharing 
scheme. Hence, different trade names of pesticides with 

Table	4:	Comparison	of	the	mean	income	earnings	per	season,	health	cost,	net	benefit	from	pesticide	use	among	hired	
workers’ groups, 55 sample mung bean hired laborers, Khayan-thongwa, Myanmar, 2008

item
group 1a

(n=15)
group 2b

(n=20)
group 3c

(n= 20)
Wage income per seasond (Kyat) 85,600 87,600 91,500
Mean health cost (Kyat) 3,760 14,633 20,977
Mean net benefite (Kyat) 81,840 72,967 70,523
US$ 1.00 = 1,000 KYAT
a  Group using pesticides at less than 250 gm/ha of  ai (low dosage)
b  Group using pesticides at 251-500 gm/ha of  ai (moderate dosage)
c  Group using pesticides at more than 500 gm/ha of  ai (high dosage)
d  Computed by multiplying 60 working days per season times the daily wage rate of  1,500 Kyat
e  Net income minus total health cost
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the same active ingredients are being sold in the market. 
A policy on the imposition of a high import tax on pesticide 
categories I and II which are harmful and toxic to human 
health should be formulated to mitigate the health risks of 
farmers by using only cheaper and least harmful pesticides 
such as  categories III and IV.

4. Provide public health education to mung bean farmers 
on pesticide handling and safety practices.  Public health 
education is very important for the health safety of the 
farmers and their family members since most of the 
farmers in the study area were not careful in handling 
and storing pesticides. The cooperation of the regional 
public health centers and health workers such as trained 
nurses and village health assistants is deemed necessary 
in disseminating information on how to perform first aid 
treatment for pesticide poisoning and in distributing 
pamphlets on proper methods of pesticide handling in 
order to lessen the heath cost of farmers resulting from 
pesticide related-symptoms and diseases.
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appendix

Table	5:	ANOVA	results	to	test	the	significance	of	the	differences	in	the	mean	
health cost of selected variables among three groups of farmers, 

148 sample farmers, Khayan-thongwa, 2008
Variable anova results/F-Value
Mean indirect cost (Kyat) 8.742***
Mean medicine cost (Kyat) 3.862**
Mean consultation fees (Kyat) 13.707***
Mean room charges (Kyat) 5.143***
Mean laboratory fees (Kyat) 2.808*
Mean transportation cost (Kyat) 5.465***
Mean direct cost (Kyat) 5.474***
Mean health cost (Kyat) 6.785***
***,**,* mean significant at 1%, 5% and 10% probability level
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