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PrEFAcE

This publication has emanated from the work of the McGill Institute for Global Food 
Security and the annual McGill Conferences on Global Food Security. The Institute was 
established in 2010, and the first Conference on Global Food Security was held in September 
2008, in the midst of socio-economic turmoil in many developing countries due to record 
high food prices. World leaders and heads of international development agencies at the time 
became pre-occupied with the topic of global food security. It was apparent that the First 
UN Millennium Development Goal to halve the number of people suffering from hunger 
was not going to be achieved.  

Regrettably, the situation of global food insecurity has worsened since 2008, with some one 
billion people still suffering from hunger and malnutrition. The 2009 World Summit on 
Food Security called on governments, the donor community and private sector to increase 
investments in agriculture and boost agricultural productivity. The Summit noted that a 
healthy agricultural sector is essential to overcoming poverty and hunger. This is particularly 
noteworthy given that agriculture contributes to the livelihoods of 70% of the world’s poor. 
A vibrant agricultural sector is an essential pathway to poverty alleviation and higher standard 
of living of the world’s most vulnerable people.

A recurring theme of the three McGill Conferences on Global Food Security is the impact of 
water on food security. In many countries, over 70% of all freshwater withdrawals are used 
for food production. The fear is that with rising water scarcity and increased competition 
for water by other economic sectors, there will be insufficient water to meet growing food 
demands of the world’s population in the future.

The critical importance of managing water for food security is therefore emphasized in 
this book. We are fortunate to have inputs from some of the world’s leading experts in 
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water. These experts have not only made an impact at the global scale, but they have also 
been leaders in water management in their respective countries or regions. Many have been 
speakers at the three McGill conferences and we are grateful for their contributions.

Special gratitude is extended to Helen Fyles who has worked tirelessly to edit the various 
chapters and bring the publication to fruition.

Chandra A. Madramootoo Ing.
Dean, Faculty of Agricultural and Environmental Sciences, McGill University
President, International Commission on Irrigation Drainage
Founding Director, McGill Institute for Global Food Security
Founding Director, Brace Centre for Water Resources Management, McGill University

May 2011
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1. introduction
 chandra Madramootoo*

* Dean, Faculty of Agricultural Environmental Sciences, McGill University; President, International 
Commission on Irrigation and Drainage (ICID)

tHE GLoBAL Food And WAtEr SituAtion

At no time in our history has the linkage between water, food, energy, climate, human 
development and economic security been as strong and critical as we are witnessing today.  
These are enormous threats to global development. Despite the attention of world leaders, the 
forecast for the immediate future is rather bleak for hundreds of millions living in water, food 
and resource scarce regions of Africa, Asia and Latin America.  

It is estimated that by 2050 the world’s population will reach nine billion, and much of 
this population increase will occur in developing countries. Most of this growth will take 
place in urban areas, as urban populations increase from a current estimate of 3.5 billion 
(50% of total population) to 6.3 billion (69%) by 2050 (UN, 2010).  Average income 
levels, particularly in emerging economies, are also increasing, implying changes in dietary 
habits to higher value foods.  The United Nations Food and Agriculture Organization (FAO) 
estimates that to feed this population increase, food production must increase globally by 
70%, and by 100% in developing countries (Bruinsma, 2009).  

Against this backdrop of demand for higher food production in the future, is the fact that 
over one billion people are currently malnourished. The proportion of people who suffer from 
hunger in the total population is highest in sub-Saharan Africa, where one in three people 
is chronically hungry. Two-thirds of the world’s undernourished live in seven countries: 
Bangladesh, China, Democratic Republic of Congo, Ethiopia, India, Indonesia, and Pakistan. 
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By virtue of their size, China and India combined account for 42% of the chronically hungry 
people in the developing world.

The FAO estimates that about 1.5 billion hectares of the globe’s land surface is currently used 
for crop production. While it might be possible to cultivate another 2.7 billion hectares, 
the view is generally held that additional cultivation will come with enormous costs and 
destruction of the environment, biodiversity, wildlife, wetlands, watersheds, and sensitive 
and fragile ecological habitats.  

Water management is a critical input to food production. In the wet humid regions and 
low lying coastal regions, excess water must be removed by drainage systems to achieve 
crop production. These regions also suffer to some extent from dry periods each year and 
supplemental irrigation is required. In the drier arid and semi-arid regions, irrigation is vital 
for crop and livestock production and food security.  

Agriculture accounts for 70% of global fresh water withdrawals worldwide and more than 
90% of its consumptive use. Agriculture is increasingly in competition with other economic 
sectors, municipalities, and the environment for diminishing water supplies. As noted in 
Figure 1, extensive parts of the developing world are major agricultural water users. With 

Figure 1.  Freshwater withdrawals in the world (Rekacewicz, 2002)
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rising water demand from non-agricultural sectors and the uncertainties in water supply 
brought about by climate change, the agricultural sector in many areas will likely get less 
water in the future (Bakkes, 2009). Together, the increasing demand for water for food 
production and the limits of the availability of water resources suggest that agriculture must 
produce more food with less water (Cai and Sharma, 2010).

Water scarcity is already a problem in many parts of the world (Figure 2). Water use has been 
growing globally at more than twice the rate of population increase in the last century, and 
an increasing number of regions are reaching the limit at which reliable water services can be 
delivered. Approximately 1.2 billion people live in river basins with absolute water scarcity, 
where water resource development has exceeded sustainable limits, and a further 1.6 billion 
suffer from inadequate access to water because of a lack of infrastructure or the human and 
financial capital to tap the available resources (Molden et al., 2007). Contamination of water 
supplies by agricultural, municipal and industrial effluents further limits water consumption.  
Climate change is also projected to have a significant impact on water availability. It is 
generally agreed that climate variability and the frequency of extreme weather events will 
increase even in the near term in all regions. Reserves of water in mountain glaciers are 
declining, thus affecting river flows and water availability during growing seasons (IPCC, 
2007).  By 2020, water use is expected to increase by 40 %, and 17 % more water will be 
required for food production to meet population needs (Palaniappan and Gleick, 2009).

Figure 2.   Projected water scarcity in the world (Comprehensive Assessment 
of Water Management in Agriculture, 2007)
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irriGAtion dEVELoPMEnt And itS contriBution to WorLd 
Food SuPPLiES

Of the 1.5 billion hectares of cultivated land, some 300 million hectares are irrigated, 
with over 70% being in Asia.  Although irrigation has been practised for millennia in 
various parts of the world, it was the advent of the Green Revolution in the late 1960s to 
early 1970s which really spurred modern day irrigation in the developing world.  Storage 
for irrigation water supplies and construction of the water delivery network heralded the 
expansion of rice, wheat, and maize production in Asia, Africa, and parts of Latin America.  
A point particularly worthy of note is that this irrigated land (20% of the world’s cropland) 
provides 40% of the world’s food (UNCSD, 1997). Irrigation stabilizes crop production, 
improves crop quality, allows for crop diversification including the introduction of new 
crops that are not generally viable under dryland farming and, of particular importance, 
helps to reduce rural poverty (World Bank, 2006).  Unfortunately, we have witnessed a 
decline in irrigation investments over the past 25 years, and this is one reason given for 
current global food insecurity.

The irrigation sector has also suffered from a variety of problems, including poor irrigation 
practices, soil salinization and waterlogging, weak institutional management, system 
inefficiencies, failure to recover operational costs, failure to innovate and integrate new 
technologies into the irrigation network, lack of adequate operation and maintenance 
and rehabilitation of infrastructure, and water quality impairment. Farmer confidence in 
centrally operated irrigation systems may have also declined where water was not equitably 
and uniformly distributed. This led to farmers manipulating and disrupting the system, 
withdrawing water improperly and illegally, and the installation of individual tubewells to 
supplement canal water supplies. The latter has led to groundwater exploitation and lowering 
of water tables in many parts of the world.  

There is no doubt that the above factors led to disenchantment, particularly of governments 
and donors, in the performance of the public irrigation sector. The return on public 
investments and loans on massive water infrastructure projects was being seriously questioned. 
This is another reason for the downturn in publicly funded irrigation projects. Nonetheless, 
the sector was quick to recognize the problems and a series of technical, institutional and 
financial reforms were undertaken in many countries.

iMProVinG irriGAtion PErForMAncE to AcHiEVE Food SEcurity

Over the past few years, there have been several initiatives aimed at improving the performance 
of the irrigation sector. These include:

n Introduction of water savings technologies including drip irrigation, where appropriate;

n Improved on farm water management systems, including land levelling, better hydraulic 
designs of basins, borders, and irrigation furrows;

n Use of pressurized and low energy irrigation technologies, where possible;
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n Lining of irrigation canals to reduce seepage;

n Installation of subsurface drainage to control waterlogging and salinity;

n Automated water control structures on canals and outlets;

n Moving from a water supply controlled network to a more demand driven network based 
on crop water requirements;

n Implementation of water pricing and cost recovery;

n Reform of the irrigation services including establishment of water users associations;

n Incorporation of environmental safeguards into the design and operation of irrigation 
systems;

n Training of farmers, irrigators, system operators and water users, and support for 
participatory irrigation management. 

Many countries lag behind in implementing many of the measures listed above and their 
adoption should be a priority.  Studies by Rosegrant et al., (2002) and the Comprehensive 
Assessment of Water Management in Agriculture (2007) give rise to optimism. The 
Rosegrant et al. (2002) work, based on scenario modelling using the IMPACT-WATER 
model, indicates that with improved water policies, ramped up investments in water 
and irrigation, technology innovation in crops and water, and attention to rainfed cereal 
production, growth in food production can be attained and at the same time demands for 
piped water and environmental flows can be achieved. The Comprehensive Assessment of 
Water Management in Agriculture (2007) focuses on increasing the physical productivity of 
water. This means reducing water losses, and reuse of irrigation return flows, drainage water 
and wastewater for crop production. Moving water to higher productivity benefits is another 
suggestion. However, these all require an appropriate policy and institutional environment.

  

MoVinG ForWArd

While there have been significant advances in irrigation system design and operation in 
several countries in the recent past, much remains to be done in light of growing global food 
demands and concerns about water scarcity. Water resource use is a complex issue within 
the food security debate, and it cannot be divorced from the inter-related factors of markets, 
trade, energy, food prices, institutional frameworks, and the overall agricultural development 
system.

Water management is only one of many inputs to achieve food security. Others include 
agrochemicals, soil and land management, germplasm, crop processing and storage, on and 
off-farm infrastructure, education, extension services, and credit. There are wide crop yield 
gaps (the difference between agro-ecologically attainable and actual yields), and these can be 
narrowed through the above technological interventions. 

Understanding the unique political, socio-economic, cultural, and biophysical (including 
soil and water) context of a particular region is a prerequisite for attaining food security.  
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In an analysis of 10 river basins, many with high levels of poverty, Fisher and Cook (2010) 
pointed to the unique set of characteristics and underlying problems in each basin which 
must be addressed if basin food security is to be increased. For example, in the intensively 
developed Yellow River Basin (Ringler et al. 2010), over one-half the agricultural area is 
irrigated, and essentially all water is allocated. Per capita water availability is 430 m3 and 
well below the 1000 m3 threshold for chronic water scarcity (Falkenmark and Widstrand, 
1992). The poverty level averages 30%, and rises to 50% in the upstream area. This basin 
also has the world’s highest sediment loads, large flooding events and high levels of water 
degradation in some areas. However in 2000, the basin produced 14% of the Chinese grain 
harvest, and 14% of the country’s GDP using only 2% of national water resources. Despite 
water scarcity and other biophysical limitations, there are high levels of production and high 
water productivity (amount of crop produced per cubic meter of water) in many parts of the 
basin. In contrast, in the under-developed Niger River Basin in West Africa, only 20% of 
the arable land is cultivated, and of that only 15% is irrigated (Ogilvie et al., 2010).  Poverty 
levels are high throughout the basin (as high as 70% in Burkina Faso and Guinea), and 
rainfed water productivity is around 0.1 kg/m3, around 10 times lower than in temperate 
regions. Although both basins have significant numbers of people who are food insecure, 
developmental solutions to raise food security would be completely different in these two 
locations. 

In the tropical drylands, extreme rainfall variability, recurrent and unpredictable droughts, 
flooding, warm temperatures and a fragile natural resource base with inherent low fertility 
soils are a challenge to farmers struggling to produce food in regions where more than half 
the population is undernourished. Rainwater harvesting and crop genetic improvement 
through the breeding of drought and salt tolerant lines are key necessities.

As noted by Rosegrant et al. (2002), some 50% of the world’s cereals are produced on rainfed 
lands. Therefore the contribution of rainfed agriculture cannot be neglected. Drought 
tolerant crop varieties, biotechnology, tillage and water conservation practices, soil moisture 
management, and investment in rainfall harvesting systems must not be ignored.  

Precision irrigation, deficit irrigation (Fereres and Soriano, 2007), alternate wet and dry 
irrigation, alternate furrow irrigation (Webber and Madramootoo, 2008), and measuring 
and managing soil moisture to meet crop evaporative demands are some of the techniques 
which can be used to save water.  If innovations in irrigation and water conservation are 
to succeed, better water accounting models are required (Ward and Pulido-Velazquez, 
2008), particularly at the basin scale. Water rights, water markets, water transfers, and water 
accounting need to be defined not just in terms of water applied, but also for water depleted.  
This will guard against false expectations that water is actually being saved, and hence more 
area can be irrigated, simply by adopting water conservation measures. 

There is cause for concern about the current state of groundwater exploitation for irrigation. 
Nearly 38% of the total irrigated land area is equipped for groundwater irrigation. There 
has been a significant rise in the use of shallow groundwater for crop production in many 
parts of Asia, Africa, Mexico, and the United States, to name a few. One of the most 
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alarming examples of groundwater over-exploitation occurs in the Ogallala aquifer of 
the south-western United States. This 450,600 square kilometre aquifer covers parts of 
8 states, and about 12% of the aquifer area is irrigated by center-pivots.  There has been 
a 9% decline in aquifer storage since its development. Data for other aquifers around 
the world is difficult to obtain, since there is little monitoring of groundwater levels or 
abstractions. Wada et al. (2010) have modelled groundwater depletion globally, and have 
stated that groundwater abstraction has gone from about 312 cubic kilometres per annum 
to over 734 cubic kilometres per annum, in the past 40 years. There is clearly a need for a 
system of groundwater monitoring, permitting and pricing, as well as a better assessment 
of the resource, to avoid its unsustainable exploitation.  

There will be on-going debates about the use of land and water to produce biofuels. Are 
current biofuel policies appropriate, given the large amounts of land and water that are being 
diverted from food production?  The question of land acquisitions, particularly in Africa, 
is also controversial, since rights to water and land are often inseparable. These two issues, 
biofuels and land acquisitions, will demand much more analysis and scrutiny in the context 
of water for food security. 

It is clear that the 500 million or so small landholders, who have limited or no access to 
water, credit, input supplies, and who lack appropriate land tenure, are critical to food and 
nutritional security, particularly at the local village and community levels. What is not clear, 
despite the best efforts of microfinance schemes and extension services, is how these small 
holders will secure the property rights to advance their economic well being. Of further 
concern is whether sufficient attention is being given to the education and training of female 
irrigators and farmers on techniques of irrigation, water conservation and crop production. 
There is a call for stronger female participation and voice in water user associations, for 
example. 

In going forward, the challenge is to position water and the irrigation sector as a driver 
of economic growth in rural areas, and a contributor to peace and prosperity in shared 
river basins. Water based economic development which has the twin objectives of achieving 
food and nutrition security, and improving the socio-economic status of rural agrarian 
communities, is a goal worthy of much stronger pursuit.  Clearly a combination of public 
and private investments is crucial for success.  A much different set of highly trained human 
skills than currently prevails will be required. The World Economic Forum (2009) pointed 
out that apart from new technologies; there must be new markets and new financing ideas to 
meet the challenges of global food security. The public and private sectors will have to develop 
new partnership models in order to secure the financing needed for water and food security. 
Moreover, a fairer international trading system is critical for transitioning to improved water 
and food productivity in poor rural areas.  
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* United Nations Secretary General’s Special Representative on Food Security and Nutrition

ABStrAct

Universal access to sufficient and nutritious food in a sustainable environment is a global 
challenge and is a priority for Ban Ki Moon, the United Nations Secretary General, and also 
for international organizations including the FAO, World Food Programme, International 
Fund for Agriculture and Development, World Bank, UN Development Programme, regional 
banks, the WTO and OCHA. In 2008 when food prices rose sharply, the UN Secretary 
General established a High Level Task Force on the food security crisis that focuses on the 
immediate needs of food insecure populations as well as the long term structural challenges of 
ensuring food security for all. The focus of this chapter is on the ways in which different parts 
of the international system work together in pursuit of the two tracks with a particular focus 
on the world’s most vulnerable populations. Efforts during the past three years have focused on 
scientific challenges, financial investment, technical support and governance. 

HiGH LEVEL tASk ForcE

Universal access to sufficient and nutritious food in a sustainable environment is one of 
our main global challenges. It is a priority for Ban Ki Moon, the United Nations Secretary 
General, and also for all agencies that I have identified. The international initiatives discussed 
here are part of a broader inter-governmental and international movement that is pursuing 
a comprehensive and long-term approach to food security. It has a particular focus on the 

2. GLoBAL rESPonSE   
 to Food SEcurity
 david nabarro*
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sustainable access to food and essential nutrients for the billion people in our world who suffer 
from poverty and hunger. 

In 2008 when food prices escalated to a very high level, the UN Secretary General established a 
High Level Task Force on the food security crisis, made up of UN agencies, funds and programs 
as well as the international financial institutions, the Organization for Economic Cooperation 
and Development and the World Trade Organization. This task force pursues a comprehensive 
twin-track approach to food and nutrition security that focuses on the immediate needs of  
food insecure populations as well as the long term structural challenges of ensuring food 
security for all. 

The approach is spelled out in our Comprehensive Framework for Action which was completed 
by the HLTF within its first three months. It has now been updated following extensive 
discussions with stakeholders.

Momentum for real improvements in hunger and poverty reduction that have been gathering 
over the last few years. We started from a very difficult place. Levels of global hunger had been 
increasing since 2003 due to high food prices and the economic crisis. A billion people were 
identified as chronically hungry in 2009: the number has slightly reduced to 925 million now. 
But still it is far too high and reductions way below what is necessary for the realization of the 
first Millennium Development Goal. Additionally the trends in under-nutrition are not good, 
with extreme variations region by region. 

Government investments in agriculture and food had declined over the last three decades but 
changes are in the wind. We have seen a reverse in the negative trends in agriculture investment. 
We have seen governments giving increasing priority to hunger reduction and nutrition as 
priority development outcomes. This point was made very strongly in the summit on the 
Millennium Development Goals that took place in New York at the end of September. The 
investment approach starts from people themselves and their basic rights – including the right 
to food. It gives emphasis to their livelihoods as well as their lives, focusing on the interests 
of women at all times, with productive safety nets and protection in case they are unable to 
fend for themselves, resilience in the face of climate change and unexpected shortages and 
special attention to the needs of smallholder farmers and marginalized people wherever they 
live. Development efforts increasingly prioritize food, water and land security, are sensitive 
to the drivers of under-nutrition and include a range of specific, cost-effective and proven 
interventions that make a real difference to newborn, infant and child nutrition thus increasing 
their learning and productive potential when older. These nutrition efforts are increasingly 
being scaled-up and made available to all. 

At the same time, communities and countries affected by prolonged food insecurity are also at 
risk of chronic under-nutrition and need more than repeated bursts of humanitarian aid. Long-
term investments that strengthen their livelihoods, empower their institutions and encourage 
regional solidarity are key, and these are not easy to mobilize given these nations’ political and 
institutional weaknesses. 
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Concerted efforts from the international community, particularly from ministers or those 
responsible for food security, is needed to sustain these recent positive trends for increases  
in investment and to respond adequately to protracted crises and also to the impact of  
climate change. 

ActionS to AddrESS Food SEcurity

Figure 1 identifies how the actions spelt out in the Comprehensive Framework for Action 
address all dimensions of food security: availability of food, stability of food supplies, access to 
essential nutrients and utilization of nutrients so that they will lead to long term well-being. 
We see in addition that capabilities have to be developed so that they can respond to these four 
dimensions of food insecurity to all levels: ensuring that all can access and consume adequate 
nutrients at all times from conception through to old age is particularly challenging given the 
underlying inequities that are found in countries at all stages of development. This is why Ban 
Ki-Moon, in a message last week, stressed the importance of the Right to Food as a basis for all 
actions on food and nutrition security. 

The focus of my talk this afternoon is on the ways in which different parts of the international 
system work together in pursuit of the two tracks - immediate action in response to those who 
are most urgently in need of help and efforts to ensure longer-term food security – and resilience 
in the face of shocks – with a particular focus on the world’s most vulnerable populations 
(Figure 2). Efforts during the past three years have focused on: 

a) ensuring that the best science is available, through research and analysis that reflects 
the interests of the world’s poorest people [and, to this end, governments have recently 
established an independent High Level Panel of Experts to tackle the most difficult 
scientific challenges, and have reformed the Consultative Group on International 
Agricultural Research – or CGIAR – system], 

b) on increasing and better coordinating financial investment by development partners 
(loans and grants) and by the private sector, 

c)  aligning and ensuring coherence of technical support through international organizations 
(and that is what we have been doing within the High Level Task Force) and 

d) improving governance so that it reflects the interests of all countries and their peoples 
(through the revitalized Committee on Food Security). 

During recent months we have witnessed new opportunities for the increased participation of 
groups focusing on the enjoyment, by all people, of the Right to Food, and there is increasing 
scope for their activism to be expressed within these different parts of the international system. 
Figure 3 shows some of the different initiatives that have been taken forward to address 
different aspects of food and nutrition security. This is what has been referred to as the Global 
Partnership on Agriculture, Food Security and Nutrition. 
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Figure 1.  The dimensions of food security

Figure 2.  Focus for action on food security
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In Africa, the Comprehensive Africa Agriculture Development Programme brings together 
different countries under the unified umbrella of the African Union to have a mechanism 
for scaling up investments in smallholder agriculture with peer reviewed compacts at the 
national level (Figure 3). Twenty compacts have been put in place since 2008 and are leading 
to country-led comprehensive food security investment plans being developed in conjunction 
with the multilateral agencies and the donors. These are being taken forward by all working 
together both at regional and sub-regional (e.g. Economic Community of West African States, 
ECOWAS) level. 

At the global level, the November 2009 World Food Summit called for a reinvigorated 
Committee on Food Security as an international governance mechanism for food security. It 
is a manifestation of the GPAFSN at the inter-governmental level. The reformed CFS has just 
met in Rome. 

The l’Aquila Food Security Initiative (AFSI), announced at the July 2009 G8 summit by 26 
nations and 14 international organizations, is an effort by nations of the world to invest increased 
financial resources in food and nutrition security at national levels. These development partners 
want to show that they are able to provide backing through pledging and then providing 
resources (so far $22 billion have been pledged). Canada has chaired the AFSI group this year 
and has strongly emphasized the need for (a) careful tracking of funds, (b) alignment of donor 
assistance around country plans, and (c) accounting for funds spent. There has been significant 
progress in Rwanda, Bangladesh, ECOWAS countries and Haiti. 

Figure 3.  The Global Partnership on Agriculture, Food Security and Nutrition

GLoBAL rESPonSE to Food SEcurity
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For the last few years countries (especially in Africa) have been encouraged to develop peer 
reviewed and comprehensive food security investment strategies and have come to believe that 
this approach will enable them to access the resources they need to support their national 
investment strategies: this is why a system of pooled donor funding is important to enable 
countries that need funds to get them even if they are not preferred recipients of bilateral 
donor assistance. In September 2009, the G20, meeting in Pittsburgh, called for a Global 
Agriculture and Food Security Programme (managed by the World Bank) to provide grants 
to well-prepared national food security investment plans. Canada – along with the US, Spain, 
Korea and the Gates Foundation - has been a key contributor to this funding mechanism. It 
really is an excellent development. 

GAFSP provides donors with a system for supporting food security programmes which 
has several desirable features for beneficiary nations – it is predictable, transparent, with 
independent assessment of proposal quality and with a strong focus on results. GAFSP backs 
country investment plans that reflect the five l’Aquila principles: there are no conditions for 
the kinds of proposals that are eligible for GAFSP support. GAFSP builds on existing well-
functioning support systems and is not a new fund – the monies are routed through existing 
“supervising entities” - but the country is able to choose which supervising entity it wants to see 
involved in project implementation and to stipulate performance indicators for the work of that 
supervising entity. Civil society and farmers’ organizations from developing as well as OECD 
countries are an integral and important part of the steering committee for GAFSP and there is 
a requirement that proposals are developed with their full involvement. GAFSP incorporates 
three windows – offering countries a chance to access support for financial investment via the 
public sector or private sector, and to receive support for the building of in country capabilities 
for food security. GAFSP is in sore need of additional resources to ensure that there is enough 
available for the second major distribution at the beginning of November.  

Figure 4.  The Rome Principles
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All these initiatives adhere to the Rome principles (agreed at last year’s World Food Summit) 
for support to country-led plans with comprehensive approaches coordinated at all levels with 
strong multilateral action and increased national and international investments with transparent 
tracking and monitoring of progress in order to demonstrate results (Figure 4).

concLuSion

It is now time to make food security a reality and realize MDG1 (Figure 5). This means 
keeping people – and their food and nutritional security – at the centre of all that we do. This 
means maintaining the focus on smallholder agriculture – investing in small-scale farmers, 
agribusinesses, processors and markets.  It means building the capacity of farmers’ organizations 
and associations so that they can be fully involved in policymaking and practice – working for 
poor people means working with them.

Because most food production, processing, marketing and trading is a private activity, it 
means encouraging functional links between businesses – especially at local and regional 
level, so that they respond better to the interests of smallholders through functional links with 
farmers’ organizations, governments and financial investors. We have many examples of such 
partnerships blossoming now – AGRA for input and credit, and partnerships along growth 
corridors (as in Beira Mozambique or the Southern Highlands of Tanzania), for safer livestock 
(including biosecurity to prevent avian influenza in poultry), for specific products (cashews, 
potatoes or flowers) and to enable producers to get better access to the value of processed 
products (eg post-harvest cold stores or dairy development). 

Figure 5.  Efforts to ensure future food security

GLoBAL rESPonSE to Food SEcurity
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It means paying special attention to nutrition between conception and the child’s second 
birthday, reducing the risk of long-term physical and mental impairment through proven 
interventions. 

It means recognizing that there are some nations and regions in which food, water and land 
insecurity is set to increase particularly as a result of climate change. These situations of 
protracted food and nutrition security crises are particularly challenging especially as they tend 
to affect fragile states with less capacity to respond. 

We need to make sure that momentum builds up but that the world’s most vulnerable people 
are at the centre of all our actions. And that means:

a) finding committed leaders who will not rest until all the world’s people enjoy food and 
nutrition security, 

b)  ensuring that national efforts are supported by consistent, predictable and coordinated 
international assistance that reflects best practice in development assistance,

c)  catalyzing and nurturing movements that bring together governments, civil society, 
farmers organizations, the private sector, regional bodies and the international system to 
work together for food and nutrition security, 

d) demonstrating and communicating results so that those who finance such activities can 
see the results both of their contributions and their hard work to mobilize resources, and 
backing these efforts with the high quality science that indicates clearly needs and optimal 
response strategies, taking account of emerging challenges as well as those being faced now. 
These are all areas in which Canada is at the forefront thanks to the particular focus on food 
and nutrition together with better access to reproductive, maternal and child health in this 
G8 presidency year. 

It is anticipated that – as a result of these efforts - many more households will be food secure and 
resilient, less pregnant women and children will be affected by anaemia and other micronutrient 
deficiencies, fewer children hungry and undernourished between birth and their second year, 
and this improved food and nutrition security will equip many poor nations for stronger social 
and economic development.
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3. Food SEcurity And 
irriGAtion dEVELoPMEnt  
in cHinA

 Zhanyi Gao* and Jinsheng Jia**

* Director, National Centre for Efficient Irrigation Technology Research, and Hon. Vice President of 
International Commission on Irrigation and Drainage, China

** President, International Commission on Large Dams (ICOLD) and Vice President, China Institute of 
Water Resources and Hydropower Research (IWHR)

ABStrAct

The food demand in China is continually rising due to population growth. Irrigation has played 
a significant role in agricultural production and food security due to the uneven distribution of 
precipitation in both time and space in China. Irrigated agriculture uses 65% of total volume 
of water supply and produces 75% of total grain production in China. To maintain food 
security, the irrigated area in China has to be further developed. However, with the rapid 
economic development more and more water and land resources have been converted from 
agricultural production to other sectors. Water shortage is an increasing problem for all sectors 
in China. Furthermore, extreme drought and flood disasters are occurring more frequently due 
to climate change. Thus, irrigated agricultural production is facing a challenge. The sustainable 
development of irrigated agriculture has to be based on improving irrigation water use efficiency 
by taking comprehensive measures at the farm, irrigation district and river basin levels with a 
different focus at each level. This chapter analyzes and summarizes population increase and 
grain demand, irrigation requirements for grain production, water supply, irrigation area and 
distribution and measures for enhancing irrigation development.

introduction

China is a developing country with the largest population in the world. Food security is not 
only important to the sustainable social and economic development of China, but also for its 
food security and for stable global food prices. China produces food for 21% of the world’s 
population with only 6% of its fresh water resources and 9% of its farmland. 

Food SEcurity And irriGAtion dEVELoPMEnt in cHinA
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China is also a large country in terms of irrigation, which is crucial for agricultural production. 
In 2008 the total irrigated area in the world was about 276.7 million ha while the irrigated 
area in China was 57.8 million ha, or 20.9% of the world’s irrigated area. It can be said 
that China produces the food for 21% of the world’s population with 21% of the world‘s 
irrigated area. In China the yield of irrigated land can be increased by 1 to 3 times compared 
with rainfed land (Shi and Lu, 2001). In 2008, irrigated area, accounting for 47% of the 
total farmland, produced 75% of China’s total grain production, and more than 90% of 
China’s cotton and vegetable production (Li, 2009).

According to the guidelines for food and nutrition developed by the State Council of the 
People’s Republic of China (PRC, 2001), the average grain holdings in 2010 and 2020 
should be 415 and 420 kg per capita per year, respectively. In China food security will  
be achieved when the average grain holdings reach these levels. However, with rapid  
social and economic development, people’s living standards and their meat consumption 
are increasing significantly, putting pressure on the annual per capita grain holdings to  
rise further.

With the recent economic development more water and land resources have been converted 
from agricultural production to other sectors. Furthermore, extreme drought and flood 
disasters are occurring more frequently due to climate change. Thus, agricultural production 
is facing a challenge. This chapter summarizes the major efforts on food security and irrigation 
development in China. 

PoPuLAtion incrEASE And GrAin dEMAnd

Total population and its growth rate are two key factors that affect the demand for cereals 
in China. Table 1 compares the projections of China’s population by the UN Population 
Division (UN, 2008) and China’s Population and Development Research Center (PRC, 
2000). The average of both projections is used below. 

Table 1: Population projections in China (billion people) for 2010 and 2020

Projection (year) 2000 2010 2020

United Nations (UN, 2008) 1.267 1.354 1.431

China’s Population and Development Research Center (PRC, 2000) 1.269 1.377 1.472

Average 1.268 1.366 1.451

Based on this near-term population projection and average grain holdings required by the 
guidelines for food and nutrition development, the Chinese grain demands in target years 
is listed in Table 2. Table 3 lists the requirement of domestic grain production and grain 
imports needed under self-sufficiency rates of 92, 95 and 98% respectively.
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Table 2: Grain demands in target years 

Items Base year Target year

2000 2010 2020

Population (billions) 1.272 1.372 1.459

Average grain demand (kg/person .year) 400 415 420

Total grain demand (million tons) 509 569 613

Source: General Office of the State Council (2001).

Table 3: Required grain under different grain self sufficiency rates

Target year 2010 2020

Self sufficient rate (percent) 92 95 98 92 95 98

Domestic production (million tons) 524 541 558 564 582 600

Import (million tons) 45 29 11 49 31 12

Total (million tons) 569 569 569 613 613 613

Source: General Office of the State Council (2001).

irriGAtion rEQuirEMEntS For GrAin Production

The total amount of grain production depends on the following factors: farmland area, crop 
index, proportion of land for grain crops and cash crops, irrigated area and its yield, rain-
fed area and its yield, etc. The areas and yields of both irrigated and rainfed cereals can 
be estimated by analysing development trends and considering major determining factors. 
Based on the above estimates and potential water resources for irrigation the requirement 
for efficient irrigation in agricultural production can also be estimated. The logic of the 
analyzing process is shown in Figure 1 (Gao and Wang, 2008). The year 2000 is used as 
the base year for the analysis. In 2000 the irrigated area was 55 million ha. The grain crop 
yield has been increased due to the development  of irrigation and improvement of farming 
practices, seeds, fertilizers, etc. By considering all of these factors, a study was carried out to 
analyze the requirement for irrigation development in 2010 and 2020 under different self 
sufficiency rates for cereals (Gao and Wang, 2008). The results of the study are provided in 
Tables 4 and 5.

Table 4: Requirement for irrigated area in 2010 (Gao and Wang, 2008)

Grain self sufficiency rates (percent) 92 93 94 95 96 97 98

Irrigation area (million ha) 55.39 56.49 57.59 58.69 59.79 60.89 62.00

Food SEcurity And irriGAtion dEVELoPMEnt in cHinA
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Table 5: Requirement for irrigated area in 2020

Grain self sufficiency rates (percent) 92 93 94 95 96 97 98

Irrigation area (million ha) 56.92 57.99 58.95 59.97 60.98 62.00 63.01

Therefore, to maintain the grain self sufficiency rate at a level of 95% the irrigated area 
should reach 58.69 million ha in 2010 and 59.97 million ha in 2020.

Figure 1.  Framework for grain production and irrigation development analysis
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WAtEr SuPPLy

Irrigation water in China is supplied from reservoirs, gravity diversion from rivers, pump 
station lifting from rivers and groundwater pumping. The agricultural water supply from 
various sources in 2008 is listed in Table 6.

Table 6: Irrigation water supply from various sources in 2008

Sources Volume (billion m3) Percentage (%)

Water supply from reservoirs 120.76 32.79

Gravity diversion from rivers 135.84 36.89

Pump station lifting from rivers 50.77 13.79

Groundwater pumping 60.90 16.54

Total 368.27 100.00

Table 6 indicates that the major source of irrigation water is surface water, which accounts 
for 83% of the total irrigation water supply. Groundwater only accounts for 16% of total 
irrigation water supply. For surface water 37%, 33% and 14% are from gravity diversion 
from rivers, reservoirs and pump lift stations, respectively. 

 
irriGAtion ArEA And diStriBution

Influenced by the monsoon, the average annual precipitation in China decreases from 1600 

Figure 2.  Precipitation distribution and irrigation zones

Food SEcurity And irriGAtion dEVELoPMEnt in cHinA
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mm in the southeast to less than 200 mm in the northwest (Figure 2) and 80% of the 
precipitation occurs in four months (June-September). 

Of the total water resources in the country, 80% are in the south of China where the land 
resources represent only 38% of the total. Only 20% of the water resources are in northern 
China where land resources account for 62% of Chinese territory. These differences in 
water and land resources highlight the importance of irrigation and drainage for agricultural 
production. According to the irrigation demand of crops, China may be divided into three 
irrigation zones: a) intensive, b) supplementary and c) rice paddy (PRC, 1998).

a)  The intensive irrigation zone includes northwest China and part of north and northeast 
China, where annual precipitation is below 400 mm. Here the precipitation and its 
distribution do not meet crop water requirements and there is hardly any agricultural 
production without irrigation. 

b)  The supplementary irrigation zone covers the plain area of the Yellow River, the 
Huaihe River and the Haihe River and most parts of northeast China. The annual 
precipitation in this zone varies from 400 to 1000 mm. Influenced strongly by the 
monsoon, the precipitation in this zone is distributed extremely unevenly. Here 
crop water requirements change sharply in different years and drainage is essential. 
Therefore, both irrigation and drainage are highly necessary for stable and high yielding 
agricultural production. 

c)  The paddy irrigation zone covers south and part of southeast and southwest China. The 
annual precipitation in this zone is more than 1000 mm. Paddy rice is the main crop 
in this zone and irrigation is needed although precipitation is very high. Irrigation is 
unnecessary for other crops during the rainy season, but is necessary during the dry 
season. Here drainage and flood protection facilities are the basic condition for stable 
agricultural production during the rainy season.

Due to the uneven distribution of precipitation in both time and space, irrigation and 
drainage are the life blood of agricultural production. Up to 2008, approximately 85,400 
reservoirs were constructed with a total capacity of 634.5 billion m3. The current annual 
total water supply capacity of various projects reached 659.1 billion m3. In 2007 the total 
volume of water used was 581.9 billion m3, with 12.2%, 24.1%, 61.9% and 1.8% used by 
the domestic, industrial, agricultural sectors, and by the ecological system, respectively. As of 
now, there are 402 large irrigation schemes each with an irrigated area of more than 20,000 
ha. China also attaches importance to the construction of small rainwater harvesting projects 
(PRC, 2007).

MEASurES For EnHAncinG irriGAtion dEVELoPMEnt

Establishing a Legal Framework

In China the laws and regulations for enhancing irrigation development include: a) the water 
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law, b) the law on agriculture, c) the law on the popularization of agricultural technologies, d) 
the regulation for the management of irrigation schemes, e) the regulation for the calculation, 
collection and management of water fees, and f ) the regulation for the management of 
subsidy for small irrigation and water and soil conservation projects.

The law on the ‘popularization of agricultural technology’ encouraged the extension 
of techniques of irrigation and water conservation, soil improvement and water and soil 
conservation; techniques of water supply and energy utilization in rural areas and agricultural 
environmental protection; techniques of agricultural meteorology, and techniques of 
agricultural management and administration (PRC, 1993).

Implementing Integrated Water Resources Management

Integrated water resources management (IWRM) at the basin level has become a new 
model for water resources management. In China irrigation is the largest water user and 
consumes 60 to 90% of water resources in basins. There is a significant difference in 
irrigation efficiency and water productivity among the irrigation districts located at the 
upper, middle and lower parts of river basins because of the variation of natural, economic 
and social conditions. Usually, the irrigation efficiency and water productivity of the 
irrigation districts downstream is higher than those of the upstream irrigation districts. 
However, compared with those downstream the upstream irrigation districts usually 
receive more water of better quality. Thus, it is necessary to optimize the allocation of 
water resources at the basin level in order to increase the general water use efficiency and 
productivity in the whole basin.

Enhancing Infrastructure for Irrigation and Drainage 

During the past five decades, China has made tremendous achievements in water 
conservation. Currently, there are 57.8 million ha of irrigated area, accounting for 
47.38% of the total farmland of 122 million ha. However, most of the existing irrigation 
schemes were built before the 1970’s with low design standards and mismatching 
facilities. After more than 30 years of operation, serious aging problems have emerged, 
which have resulted in low efficiency and reliability. Since 1998, the rehabilitation and 
modernization of large-scale irrigation schemes has been carried out with the objective 
to upgrade 402 large irrigation schemes by the year 2020. The main purpose of the 
rehabilitation and modernization of large irrigation schemes is to increase their water 
efficiency and productivity. The rehabilitation of more than 260 large-scale pumping 
stations for irrigation and drainage is scheduled to be completed by 2012 to 2014. The 
reinforcement of 6240 large, medium and small-sized reservoirs will be completed by 
2010. In the mean time, the amelioration of low-yield farmland will be implemented at 
a large scale (Chen, 2009).

Food SEcurity And irriGAtion dEVELoPMEnt in cHinA
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Adopting Water-saving Irrigation Practices

Currently in China the annual water shortage in agricultural irrigation is about 30 billion 
m3. Due to social and economic development the demand for water will increase further. To 
cope with the water shortage and to increase the irrigated area, technologies and measures 
for saving water in irrigation have been introduced and extended with the objectives of 
improving the efficiency and productivity of water use. 

The efficiency and productivity of irrigation are improved at two levels: farm and irrigation 
district (Gao, 2005). The technologies and measures for improving efficiency and productivity 
of water use for irrigation vary at each level because the beneficiaries, the incentives and goals 
of water saving are different. 

At the farm level, small basin, furrow, sprinkler and drip irrigation, land levelling and other 
measures can be used. For cash crops, micro sprinkler irrigation and drip irrigation can be 
applied. For field crops, such as wheat and maize the main water saving measures include 
land levelling, optimal size of basin and furrow, and use of low pressure pipelines. The end 
users of these water-saving technologies and measures are farmers. They can benefit from 
water savings by reducing irrigation and labour costs, improving irrigation uniformity, 
increasing production and labour intensity by adopting water-saving irrigation technologies 
and measures. Across China on-farm water saving practices were tested in pilot projects in 
300 counties and the extension of water saving practices is currently being carried out at 
nationwide. 

At the irrigation district level, the technologies and measures adopted for increasing water 
use efficiency include canal lining, application of pipelines and improvement of control 
structures and facilities for water measuring, automation and other technologies for operating 
irrigation systems. These technologies have been tested in 30 large irrigation districts. The 
recycling and reuse of water resources in irrigation districts is also practiced at the irrigation 
district level. It has been proven that recycling and reusing water at the irrigation district is a 
cheaper and more effective way to increase the efficiency and productivity of irrigation water.

Reforming Irrigation Management Institutions

In China the administration of irrigation management is handled by water resource 
departments at various levels (Gao, 2009). The structure of an irrigation management system 
is shown in Figure 3. 

At the central level, the Ministry of Water Resources (MWR) takes the responsibility to 
work out national irrigation development planning, stipulate and modify related regulations, 
and supervise the implementation of planning and regulations. The Water Resources 
Bureaus (WRBs) at the province, city and county levels take the responsibility to work out 
local irrigation development planning and supervise the implementation of planning and 
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regulations and the management of irrigation schemes. To promote sustainable development 
and to increase the productivity and profitability of irrigation systems, institutional reforms 
in irrigation and drainage system management towards a stakeholder-involved management 
have been introduced. 

The major stakeholders include the government, the professional irrigation management 
agency, water user associations (WUAs) and farmers. In China most large and medium 
irrigation schemes are jointly managed by professional agencies and farmer’s collectives 
or WUAs. Usually, as a professional agency the irrigation management bureau and its 
management stations are responsible for the operation and maintenance of the main structures, 
and the main and branch canals of the irrigation system. The canals below the tertiary canal 
and small irrigation projects are operated and managed by WUAs or farmer’s collectives. 
Different roles of the three key stakeholders: the government, irrigation management agents 
and WUAs must be distinguished.

The role of the government is to provide leadership, to design national development 
planning, to stipulate and modify policy and legal arrangements and related regulations, to 
supervise the implementation of planning and regulations, to stipulate make and modify 
institutional arrangements, to strengthen capacity building, to make financial arrangements 
and to appraise existing irrigation systems.

The tasks of irrigation management agents are to evaluate and benchmark the operation 
of irrigation systems, to conduct feasibility studies and develop designs for rehabilitation, 
to carry out  rehabilitation of the main canals and structures of irrigation systems, to 
implement institutional reform, to operate and maintain the main structures and canals 
systems, to bridge the gap between the government and WUAs, to provide technical 
support to WUAs, to supervise and monitor irrigation systems, to document the operation 

Figure 3.  Structure of the irrigation management system
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of irrigation schemes and to test and introduce new technologies and materials.

The responsibility of WUAs is to carry out the rehabilitation as well as to operate and 
maintain farm canals and structures and provide irrigation services to individual water users. 
Since 1995, when the first farmer WUA was established in the Zhanghe irrigation district of 
Hubei province, participation of irrigation management has been adopted in 30 provinces 
and autonomous regions in China. Currently, there are more than 20,000 such water user 
associations and cooperative organizations which involve 60 million farmers. The irrigated 
area managed by water user associations has reached 6.67 million ha (Pei, 2009). It has been 
proven that participatory irrigation management is an effective measure to increase water 
efficiency and productivity of irrigation, especially for China’s specific conditions of many 
small land plots per household.

Strengthening Protection of Groundwater Use 

In China groundwater has played an important role in irrigation and in domestic and 
industrial water supply, especially in dry years. Groundwater will play an even more important 
role under climate change. To achieve sustainable exploitation and use of groundwater, it is 
important to protect the groundwater through reasonable exploration, use and adequate 
recharge measures. The new ‘Water Law’ highlights the integrated surface and groundwater 
management.

Strengthening the Construction of Small-scale Water Conservation Projects and Use of 
Poor Quality Water 

To cope with problems of water shortage and climate change, the construction of medium, 
small and micro-size projects, including rainwater harvesting and utilization projects, have 
been developed in China, especially in the northwest and southwest. The treatment and 
application of poor quality water is also practiced in line with local conditions. Currently, 
there are 4.2 million small water storage ponds and rainwater harvesting wells for supplying 
drinking water and 7 million small water storage ponds and rainwater harvesting wells for 
irrigation purposes.

Encouraging International Cooperation

Facing the floods, droughts and water shortages caused by climate change, the research on 
adaptation strategies and long-term development planning are being carried out with the 
support of different levels of government. Much experience and progress has been gained 
with integrated water resources management and through the application of advanced 
technologies. China has attached great importance to international cooperation on research 
to cope with climate change 
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concLuSionS

The food demand in China is continually rising due to population growth.  Irrigation has 
played a significant role in agricultural production and food security due to the uneven 
distribution of precipitation in both time and space. Climate change has and will continue 
to have a big impact on the supply and demand of water resources, as floods and droughts 
occur more frequently. Extreme droughts and floods caused by climate change have a major 
impact on agricultural production. To maintain food security at a self sufficiency rate of 
95%, the irrigated area in China should reach 58.69 million hectares in 2010 and 59.97 
million hectares in 2020.

To solve the problem of water shortage and to cope with climate change, measures are being 
undertaken to improve the use of irrigation water by enhancing the efficiency at the farm, 
irrigation district and river basin levels with a different focus at each level. Related laws and 
regulations have been passed and modified. Integrated water resource management will be 
an effective measure to cope with climate change and water shortage.

Most of China’s existing irrigation schemes were built before the 1970’s, and the  
rehabilitation of these irrigation schemes is an effective measure for coping with climate 
change and ensuring food security. China has launched the rehabilitation and modernization 
of large irrigation schemes, and this work is scheduled to be completed by 2020. Reform of 
the irrigation management institutions is an important component of the modernization of 
irrigation schemes and has been successfully adopted in China.

Measures have been undertaken to strengthen the protection and utilization of groundwater 
and allow for reasonable exploitation. Medium and small projects, including rainwater 
harvesting and utilization projects have also been developed to cope with water shortage and 
climate change in China. 
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4. coMBAtinG HunGEr And 
PoVErty in tHE troPicAL 
dryLAndS oF ASiA And AFricA
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* Director General, International Crops Research Institute for the Semi Arid Tropics 

ABStrAct

The tropical drylands are characterized by extreme rainfall variability, recurrent and 
unpredictable droughts, flooding, warm temperatures and a fragile natural resource base 
with inherent low fertility soils. Crop production is low and over 45% of the world’s hungry 
people live in these regions. Climate change, growing populations, poor development 
infrastructure, increasing land degradation and water scarcity make achieving food security 
in the tropical drylands a daunting challenge.  However, success stories from throughout the 
region show that under optimal water, land and crop management, crop yields and farmers 
incomes can be substantially increased.  Innovative research and development strategies that 
address natural resource management carried out in partnership with farmers and other 
stakeholders, and integrating policy, marketing and support services, can address problems 
of poverty, food insecurity and environmental degradation and bring prosperity to the 
tropical drylands.

introduction

The semi-arid tropics or tropical drylands span 6.5 million square kilometers covering over 
55 countries and are home to more than 2 billion people (Figure 1). Over 45% of the world’s 
hungry and more than 75% of its malnourished children live in this region (Wani et al. 
2009). The majority of poor live in rural areas and depend on agriculture for their livelihoods. 

coMBAtinG HunGEr And PoVErty in tHE troPicAL dryLAndS oF ASiA And AFricA
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The tropical drylands have a challenging and inhospitable terrain where agriculture is risky. 
Characterized by extreme rainfall variability, recurrent and unpredictable droughts, flooding, 
warm temperatures and a fragile natural resource base with inherent low fertility soils, the 
rising perfect storm -- a confluence of climate change, desertification, biodiversity loss, price 
rise, and mounting poverty and population -- further threatens to disrupt the lives of the 
poor who depend on agriculture for survival.

With an annual linear rate of population growth of 1.6% in the drylands, there will be about 
115 million more mouths to feed between now and 2020; 46 million in Africa’s drylands 
and 69 million in Asia’s. The expanding population and accelerating use of natural resources 
is resulting in increased natural resource degradation. Achieving food security under these 
conditions is a daunting challenge, but it also represents an opportunity. As Dr Norman 
Borlaug, a central figure in the ‘Green Revolution’ said, “The yield potential is there, but you 
can’t eat potential.”

Agricultural production in the tropical drylands is predominantly rainfed. Rainfall generally 
occurs in short, torrential downpours and much of this water is lost as surface runoff, 
evaporation or deep drainage (Pathak et al. 2009). Rainwater use efficiency is therefore low 
(35-45%) and over the long term, the runoff results in extensive loss of precious, nutrient-
rich topsoil. In addition, groundwater levels in the tropical drylands are being depleted and 
most rural rainfed areas are facing general water scarcity and drinking water shortages during 
the summer months (Pathak et al. 2009). 

Figure 1. The semi-arid tropics
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In temperate, humid or subhumid regions of the world, rainfed agriculture produces very 
high yields (5-6 t/ha), but in farmed lands of the semi-arid regions, yields average only 1-1.5 
t/ha (Wani et al. 2009). Drought, dry spells and land degradation are the main causes of low 
crop production and poverty in the semi-arid regions. Droughts cause crop failures and short 
dry spells during the growing season reduce crop yields. The high risk of losing part or all of 
a crop makes farmers unwilling to invest in inputs and land management and the resulting 
poor use of agricultural lands results in increased soil loss due to wind and water erosion, 
nutrient depletion, salinization, loss of vegetation cover and reduced biodiversity. 

Agriculture in the semi-arid tropics has long been viewed with pessimism and hopelessness. 
Tropical dryland areas are usually seen as resource-poor and perennially beset by shocks such 
as drought, trapping dryland communities in poverty and hunger, making them dependent 
on external aid. However, dryland farmers are ingenious and resourceful and recent yield gap 
analyses carried out for major rainfed crops of the region revealed that farmers’ current yields 
were two to four times lower than yields achievable under optimal water and management 
(Singh et al. 2009a; Wani et al. 2009)  (Figure 2, blue columns). By applying scientific 
innovations backed by adequate policy, marketing and other support services, farmers are able 
to increase their crop productivity and incomes several-fold, while improving the resilience 
of their lands and livelihoods. Thus, there is hope of prosperity in the tropical drylands.

MAnAGinG WAtEr to oVErcoME ScArcity

Given the persistent problems of drought and water scarcity in the drylands, water 
shortages must be addressed by utilizing natural resource management principles and 
techniques to improve moisture content, fertility, soil depth, organic matter, and rainwater 
utilization through watersheds and water conservation and by employing plant breeding 
and biotechnology research to improve water-use efficiency and drought tolerance in crop 
genotypes.

In the tropical drylands, seasonal rainfall is generally adequate to significantly improve yields 
but managing the extreme rainfall variability in time and space is a tremendous challenge 
(Wani et al. 2009). Rainfall is seasonally variable and characterized by few rainfall events, 
high intensity storms and a high frequency of dry spells or droughts.  Managing water and 
using it efficiently are the main yield determinants.  Droughts result in complete crop failure 
which cannot be prevented by agricultural water management and must be managed by other 
means such as food storage, livestock sales or grain banks.  Short dry spells occurring during 
the growing season, however, can be bridged using improved land and water management. 
Water harvesting, supplemental irrigation and community watershed management are all 
tools that can lead to improved crop production and local food security.

Water Harvesting

Water harvesting, an age-old practice which collects and stores surface runoff and uses it to 
irrigate crops during dry spells, can stabilize crop production and alleviate the risk associated 
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with unpredictable rainfall. Water harvesting systems include catchment areas that range 
from a rooftop to several square kilometers of land where runoff occurs and a storage facility 
such as a tank or a pond  collects and holds the runoff water.  Successful implementation 
of water harvesting requires data on rainfall, soil, relief, cropping systems, and local socio-
economic conditions in order to minimize soil erosion, habitat loss and water conflicts 
(Oweis and Hachem, 2009).

Supplemental Irrigation

Combining water harvesting with effective irrigation technology can result in significant 
water productivity improvements. Inexpensive and simple irrigation systems have been 
developed to save labor and optimize the use of water for row crops on small plots (Singh 
et al. 2009b). For example, Bucket Kits include a simple 20-liter household bucket (often 
replaced with a polythene bag) attached to a pole at about shoulder-height and equipped 
with drip tapes to water a kitchen garden or larger Drum Kit systems with a 200-liter 
drum with lateral lines and micro tubes to irrigate a 125 m2 plot. Low-head drip irrigation 
technology using drip tape has proved useful in sloped and uneven fields and has a high 
water use efficiency. Supplemental irrigation at a rate of 60-80mm doubled and even 
tripled grain yields in Burkina Faso and Kenya, although the most beneficial effects of the 
irrigation were obtained only in combination with soil fertility improvements (Rockström 
et al. 2003). 

 
Community Watershed Development

Management of natural resources at the watershed scale increases food production, 
improves livelihoods, protects the environment, addresses gender and equity issues and is 
considered an engine of growth for development of fragile rainfed areas (Joshi et al. 2009). 
In the past, improved watershed management was generally synonymous with achieving a 
particular, often single technical objective, e.g. improved forestry, better soil conservation, 
or the introduction of water harvesting and was initiated and executed with little or no real 
involvement of farmers. A new approach regards watershed development and management 
in its entire complexity, where inter-related factors and their interactions are considered 
with the main objective of poverty alleviation and food security of watershed communities 
(ICRISAT, 2011). Partnerships draw on expertise from research organizations, NGOs, 
agricultural universities, and local governments but retain farm households as key decision 
makers. With the new emphasis on poverty alleviation and food security through appropriate 
natural resources management, both people and natural resources become the primary focus. 
Conservation and harvesting of rainwater to augment surface and groundwater, management 
to improve soil quality (use of fertilizers, crop residues, composting and crop diversification 
with legumes), wasteland development and tree planting, use of high-yielding varieties, 
introduction of integrated pest management to reduce pesticide as well as training farmers 
and other stakeholders in new technologies and approaches are all used together to increase 
food production in the watershed (Joshi et al. 2009). 
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Participatory and knowledge-based watershed development programs in Andhra Pradesh, 
Gujarat, Madhya Pradesh, Rajasthan and  other states in India and parts of southern 
China, northern Vietnam and northeast Thailand have shown that farmer and public 
investment can provide attractive social returns leading to poverty reduction. The success 
of the Adarsha Watershed model in Kothapally in Andhra Pradesh, India has attracted 
farmers, policymakers and development investors (Sreedevi et al. 2004). Income-
generating options for the landless and women at Kothapally and other benchmark 
watersheds have included the setting up of village seed banks through self-help groups; 
value addition through seed material; product processing such as dhal making, grading 
and marketability; poultry rearing for egg and meat production and vermi-composting. 
An average household income of US$ 1066 was generated from crop diversification and 
other systems in the watershed compared to US$ 734 in the non-watershed, reflecting an 
increase of 45% due to watershed interventions. 

Similarly, the Lucheba watershed in Guizhou province in China saw improved productivity 
with the adoption of cost-efficient water harvesting structures, farming system diversification 
and intensification from rice and rapeseed to tending livestock and horticultural crops. 
Following watershed interventions, mainly growing vegetables and other diversified 
activities like tending chicks and pigs, the average income of farmers increased threefold, 
from US$ 462 (before the interventions) to US$ 1538. The development of community 
watersheds in China and India has resulted in crop yields increasing up to four-fold and 
incomes rising by 45% and 77%, respectively.

croP iMProVEMEnt And diVErSiFicAtion

Sustainable growth in crop production, farm income, food security and environmental 
protection can be achieved through the development of improved and diversified cultivars, 
eco-friendly and cost-effective pest management practices, efficient seed supply systems, 
and commercialization of diversified and alternative uses of crop produce. Chickpea, 
groundnut, pigeonpea, sorghum and millet are all drought-resistant and nutritious crops 
that are well-suited to the semi-arid tropics and work is being carried out to increase 
adoption of improved varieties by farmers through formal and informal seed-supply 
chains and systems, and to develop institutional mechanisms between public and private 
sector stakeholders to ensure sustainable demand for public sector-bred improved varieties 
(ICRISAT, 2011). 

Recognizing the potential of agricultural biodiversity and the services it provides will be 
key to meeting future food needs while maintaining and enhancing the other goods and 
services provided by agricultural ecosystems, such as clean air and water (Waliyar et al. 
2002). Diversification of crops cultivated by smallholder farmers in the semi-arid tropics 
has the potential to increase household income, create a more nutritious household diet 
and provide remunerative labor opportunities as well as valuable by-products such as 
firewood, fibre and fodder. Crop diversification by introducing legumes into rice/wheat 
fallows pursued in the Indo-Gangetic plains of South Asia, growing medicinal and 
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aromatic plants in partnership with private sector companies and systems diversification 
through mixed crop-livestock systems have served as coping strategies against risk and 
also enhanced incomes. Crop residues of chickpea, groundnut, pigeonpea, sorghum 
and millet are important sources of animal feed throughout the year, notably in the  
dry months when other feed resources are scarce. Improving the digestibility of such 
crop residues can have a significant impact on milk production, particularly in South 
Asia. For example, haulm or stems of a groundnut variety led to a 20% increase in milk 
yield of dairy animals of farmers adopting the improved variety in Andhra Pradesh 
(ICRISAT, 2009). 

The African Market Gardens (AMGs) concept combines low pressure drip irrigation 
systems with high-value crop diversification, enabling the commercial integration of fruit, 
vegetables and trees in the dry Sahel. These small “market gardens” can be tended by 
women’s groups to both increase their incomes and diversify their family’s diet, multiplying 
their annual incomes by several-fold, in some cases more than 10-fold to US$ 1,500 from 
an area of only 500 square meters. 

Crop Breeding

The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) has 
a genebank in India that holds 120,000 accessions of chickpea, pigeonpea, groundnut, 
sorghum, pearl millet, and six small millets from 144 countries. The collection serves as 
insurance against genetic erosion and as a source of resistance to diseases and pests, tolerance 
to climatic and other environmental stresses and improved quality and yield traits for crop 
improvement. It has distributed over 1.3 million samples to scientists in 144 countries, 
and 66 accessions have been directly released in 44 countries contributing to global food 
security. Development of new varieties and cultivars of the crops and their introduction to 
local smallholder farmers in India has resulted in increased crop production and yields and 
improved crop quality. 

cLiMAtE cHAnGE

Climate change predictions point to warmer temperatures in the tropical drylands and 
shorter growing seasons, increased drought frequency and changing rainfall patterns in 
many regions (IPCC, 2007). ICRISAT studies have generated a “hypothesis of hope” 
(Figure 2) which provides optimism that the impacts of climate change on yield under 
low input agriculture are likely to be minimal. The average crop yield grown under the 
current climate (blue columns), show that a massive yield improvement is possible by 
improving agronomic practices and germplasm. Even under conditions of climate change 
(red columns), strong yields are still possible if farmers combine improved practices with 
climate-adapted crop varieties. 
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To cope with the impacts of climate change on reduced length of crop growing season, 
crops that are adapted to heat and high soil temperatures, knowledge and understanding of 
photoperiod-sensitive flowering, information on genetic variation for transpiration efficiency, 
short-duration varieties that escape terminal drought and high-yielding and disease-resistant 
varieties will all be valuable tools to improve crop production. Short-duration chickpea 
cultivars that can withstand high temperatures, pearl millet flowering at 40+°C and a short-
duration groundnut cultivar that escapes terminal drought are some examples of resilient 
crops for the poor.

 
LinkinG FArMErS to MArkEtS

Developing countries in Asia and Africa are witnessing a fundamental shift in agriculture 
from farming for household consumption to a more market-oriented production, where 
consumer-driven supply chains will play a dominant role unlike the erstwhile product-
oriented supply chains. Thus, procurement and marketing of agricultural commodities 
are witnessing institutional innovations like contract farming, bulk marketing through 
producers’ associations, direct marketing, marketing through cooperatives or specialized 
middlemen and ICT-enabled supply chains that directly link the producer to the end user. 

Linking smallholder farmers to input and output markets and other actors along the value 
chain that include credit agencies, assemblers, wholesalers, transporters and finally the 
consumer/end user is essential for success. For example, in Malawi, groundnut producers 

Figure 2. Climate change adaptation in the drylands: ICRISAT’s hypothesis 
of hope
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are assured markets through the 100,000-member strong National Smallholder Farmer 
Association of Malawi (NASFAM), which provides agricultural advisory services for 
groundnut production. 

EMPoWErinG WoMEn

The majority of farmers in the dryland tropics are women and therefore it is necessary to 
engage women as leaders in farmer-to-farmer knowledge-sharing and training activities in 
areas such as crop management, participatory plant breeding, crop processing, marketing 
and agro-enterprise development.  Helping women’s groups to gain access to the seed and 
skills that they need to grow and export high-value crops improves women’s incomes and 
directly benefits household nutrition. In Niger, for example, a group of 120 landless women 
in the Dosso region started growing hardy indigenous vegetables in degraded land on a 7 
hectare field in June 2006. Micro-catchments (demi-lunes) were built to catch and store 
runoff rainwater and between the demi-lunes, planting pits were dug to place manure and 
the plant. The degraded area has grown to 70 hectares of lush and productive greenery. 
Women are additionally using crops such as a new short-duration okra cultivar jointly 
developed by AVRDC. At present, 5000 rural women and their households are benefiting 
from these technologies. 

Women also capture most of the profits from market gardens established in Niger since they 
dominate vegetable production and marketing. Market gardens producing improved tomato, 
onion and other vegetable varieties have proved highly profitable, giving annual returns of up 
to US$1,500 from an area of only 500 square meters. For the first time ever, markets in the 
nation’s capital, Niamey, were well supplied with tomatoes in the 2009 rainy season. 

EnHAncinG iMProVEd SEEd And FErtiLiZEr AVAiLABiLity

The availability of quality seed is the foundation for food production and productivity and 
a precursor to crop and food diversification. Although research has developed new stress-
tolerant crop varieties that are well-adapted to smallholder farms, many farmers lack access 
to improved seed and continue to recycle old seed that has been exhausted after generations 
of cultivation. Yields have remained poor, contributing to food insecurity. To overcome 
such limitations, it is necessary to develop  local seed companies by supporting breeders 
in national breeding programs to develop and release improved varieties of a range of food 
crops; establish a network of agro dealers; support new and existing seed companies to 
produce and market improved quality seed and support seed trade harmonization at the 
regional level. For example, the West Africa Seed Alliance (WASA) is working towards the 
establishment of a sustainable commercial seed industry capable of ensuring that small-scale 
farmers have affordable, timely and reliable access to adapted genetics and traits in high 
quality seeds and planting materials. Through a baseline survey in the Dosso region of Niger, 
22 farmer associations and individual women farmers were identified as local seed producers 
and traders. They were selected and trained through WASA and today, more 135 farmers 
(including 86 women) are involved in the seed business. In India, ICRISAT encourages and 
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helps smallholder farmers to go into the production and storage of self-pollinated varieties of 
legumes since the private seed sector is not active in seed production.

Smallholder farmers often have little access to fertilizers or cannot afford them. Providing 
small packs of fertilizers of various sizes improves access in two ways: first, it is affordable 
to many who cannot meet the full cost of the traditional 50 kg bags and, second, it creates 
convenient access to farmers as the fertilizer can be more easily sent to a depot close to them 
(Minde et al. 2008). Novel outreach approaches in Africa using mechanisms such as micro-
credit, vouchers systems, and precision use of fertilizers are also helping farmers to access and 
utilize seed to maximize their incomes. 

 
incLuSiVE MArkEt-oriEntEd dEVELoPMEnt (iMod): tHE nEW WAy 
ForWArd

Dryland poverty rates are declining in Asia, but not in sub-Saharan Africa. Analyses by the 
World Bank and ICRISAT have found that access to markets is key to escaping poverty. 
Gleaned from its rich knowledge base spanning 38 years in partnership with institutions, 
strategic studies, long-term village-level studies, as well as global studies by the World Bank, 
ICRISAT  has adopted Inclusive Market-Oriented Development (IMOD) as a guiding 
framework of its new Strategic Plan to 2020 to empower smallholder farmers to grow their 
way out of poverty. IMOD is a socio-economic process and a dynamic progression from 
subsistence towards market-oriented agriculture which will achieve a new level of access to 
resources, stability and productivity for poor smallholder farmers (Figure 3). 

Figure 3. Inclusive market-oriented development (IMOD), the unifying 
conceptual framework for ICRISAT’s Strategic Plan to 2020

coMBAtinG HunGEr And PoVErty in tHE troPicAL dryLAndS oF ASiA And AFricA



40

WAtEr MAnAGEMEnt For GLoBAL Food SEcurity

IMOD starts by increasing the production of staple food crops, converting deficits into 
surpluses that are stored or sold into markets. Stored food provides a buffer in times of 
hunger, and higher incomes make it possible to purchase more food when needed. Income 
enables the poor to purchase inputs such as seed, fertilizer, labour, tools, livestock, insurance 
and education. These inputs raise farm productivity and prosperity further and enable 
another round of investment and productivity growth, creating a self-reinforcing pathway 
out of poverty. This forms the crux of IMOD. 

To pursue this pathway to prosperity, ICRISAT will employ a systems perspective in setting 
its priorities to ensure that all important issues are addressed holistically. At a macro level, 
systems thinking allow ICRISAT to study the interaction of various economic, social, 
political, physical and technological factors influencing tropical dryland agriculture. At a 
micro level, this perspective is valuable in viewing how things influence one another within a 
dryland farming system. This perspective enables ICRISAT to plan, implement and evaluate 
its research programs for optimum impact along the whole dryland agriculture value chain.

concLuSionS

Agriculture in the dryland tropics is predominantly carried out by smallholder farmers on 
land that has an unreliable supply of water and is nutrient poor. A lack of social services 
and development infrastructure further restrict farmer incomes and result in extensive food 
insecurity. There are, however, many tools that the resourceful and experienced farmers of the 
tropical drylands can put to good use if given the opportunity to participate in community 
development and capacity building. Water harvesting, supplemental irrigation, providing 
access to micro-credit, quality seeds and inputs, diversifying crops, developing storage and 
processing facilities and expertise, and linking farmers to markets will all lead to increased 
crop production and farmer prosperity. Inclusive market-oriented development (IMOD), a 
unifying conceptual framework developed by ICRISAT, incorporates all these tools in the 
planning, implementation and evaluation of its research programs for optimum impact along 
the whole dryland agriculture value chain. Significant reductions in poverty and increases in 
food security in the dryland tropics are possible.

 
rEFErEncES

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). 2011. Research brief: 
Towards sustainable watershed development and management: the case of participatory design 
and construction of a communal drain system. Accessed January 2011. http://www.icrisat.org/
aes-research-briefs.htm

International Crops Research Institute for the Semi-Arid Tropics (ICRISAT). 2009. Multi-purpose 
groundnuts. Impact Stories. Accessed January 2011.  http://www.icrisat.org/icrisat-impacts.htm

International Panel on Climate Change (IPCC). 2007. Climate Change 2007: Working Group II: 
Impacts, Adaptation and Vulnerability. http://www.ipcc.ch/publications_and_data/ar4/wg2/en/
contents.html



41

introduction

Joshi, P.K,, A.K. Jha, S.P. Wani  and T.K. Sreedevi. 2009. Scaling-out community watershed 
management for multiple benefits in rainfed areas.  In: Wani, S.P., J. Rockström and T. Oweis 
(eds). Rainfed Agriculture: Unlocking the Potential. Comprehensive Assessment of Water 
Management in Agriculture Series, CABI, Wallingford, England. Pp 276-291.

Minde, I., T. Pedzisa and J. Dimes. 2008. Improving access and utilization of fertilizers by smallholder 
farmers in the Limpopo Province of South Africa. Report No. 3. ICRISAT, Zimbabwe. 43 pp.

Oweis, T. and A. Hachum. 2009. Water harvesting for improved rainfed agriculture in the dry 
environments. In: Wani, S.P., J. Rockström and T. Oweis (eds). Rainfed Agriculture: Unlocking 
the Potential. Comprehensive Assessment of Water Management in Agriculture Series, CABI, 
Wallingford, England. Pp 164-181.

Pathak, P., K.L. Sahrawat, S.P. Wani, R.C. Sachan and R. Sudi. 2009. Opportunities for water 
harvesting and supplemental irrigation for improving rainfed agriculture in semi-arid areas. 
In: Wani, S.P., J. Rockström and T. Oweis (eds). Rainfed Agriculture: Unlocking the Potential. 
Comprehensive Assessment of Water Management in Agriculture Series, CABI, Wallingford, 
England. Pp 197-221.

Rockström, J., J. Barron and P. Fox. 2003. Water productivity in rain-fed agriculture: challenges and 
opportunities for smallholder farmers in drought-prone tropical agroecoysytems. In: Kijne, W.J., 
R. Barker and D. Molden (eds). Water Productivity in Agriculture: Limits and Opportunities for 
Improvement. CAB International, Wallingford, UK. Pp 315-348.

Sreedevi, T.K., B. Shiferaw  and S.P. Wani.  2004. Adarsha watershed in Kothapally: Understanding 
the drivers of higher impact. Global Theme on Agroecosystems Report no. 10.  Patancheru 502 
324,Andhra Pradesh, India: International Crops Research Institute for the Semi-Arid Tropics. 
24 pp.

Singh, P., P.K. Aggarwal, V.S. Bhatia, M.V.R. Murty, M. Pala, T. Oweis, B. Benli, K.P.C. Rao and S.P. 
Wani. 2009a. Yield gap analysis: modeling of achievable yields at the farm level. In: Wani, S.P., 
J. Rockström and T. Oweis (eds). Rainfed Agriculture: Unlocking the Potential. Comprehensive 
Assessment of Water Management in Agriculture Series, CABI, Wallingford, England. Pp 81-
123.

Singh, A. K. Rahman, A. Sharma, S.P. Upadhyaya and A. Sikka. 2009b. Small holders’ irrigation-
problems and options. Water Resources Management 23: 289-302. 

Wani, S.P., T.K. Sreedevi, J. Rockström and Y.S. Ramakrishna. 2009. Rainfed agriculture – past trends 
and future prospects. In: Wani, S.P., J. Rockström and T. Oweis (eds). Rainfed Agriculture: 
Unlocking the Potential. Comprehensive Assessment of Water Management in Agriculture 
Series, CABI, Wallingford, England. Pp 1-35.

Waliyar, F., L. Collette and P.E. Kenmore. 2002. Beyond the gene horizon: sustaining agricultural 
productivity and enhancing livelihoods through optimization of crop and crop associated 
biodiversity with emphasis on semi-arid tropical agroecosystems. Summary proceedings of a 
workshop, 23-25 September 2002, Patancheru, India. Patancheru 502 324, Andhra Pradesh, 
India: International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), and viale 
delle Terme di Caracalla, Rome 00100, Italy: Food and Agriculture Organization of the United 
Nations (FAO). ISBN 92-9066-451-7.

coMBAtinG HunGEr And PoVErty in tHE troPicAL dryLAndS oF ASiA And AFricA



42

WAtEr MAnAGEMEnt For GLoBAL Food SEcurity



43

introduction

5. innoVAtionS in irriGAtion 
For Food Production  
in ASiA

 chandra A. Madramootoo* and M. Gopalakrishnan**

* Dean, Faculty of Agricultural and Environmental Sciences, McGill University, Canada and President, 
International Commission on Irrigation and Drainage (ICID)

**   Secretary General, International Commission on Irrigation and Drainage (ICID), 48 Nyaya Marg, 
Chanakyapuri, New Delhi 110021, India

ABStrAct

The Asian region has not only the highest share of the world’s irrigated area (70%), but 
also the largest proportion of world’s population to feed (60%). Forecasts suggest that in 
coming decades most of the expansion of global irrigated area will take place in Asia and 
therefore today Asian irrigated agriculture is facing the triple challenges of developing water 
resources, expanding irrigated area with least environmental impacts, and increasing food 
production with progressively diminishing water supplies.   Improved technologies play a 
significant role in achieving water savings, enhancing the operation and maintenance of 
irrigation, and overall gains in irrigation performance and food production.  There is a vast 
range of technologies, from simple siphon tubes for field water application to sophisticated 
canal automation and telemetry. These technologies can be categorized as: off-farm, on-farm, 
and soft tools for both off-farm and on-farm. Despite the availability of a wide spectrum of 
irrigation technologies, there are technical, economic, social and institutional issues involved 
in their wide scale adoption in the Asian region. This chapter highlights some strategies and 
recommendations to fully explore the potential benefits of these technologies in the irrigated 
agriculture of Asia. This includes developing appropriate and affordable technologies and 
their effective dissemination, capacity development and training of irrigation managers, field 
staff and farmers, and enhancing investment/funding by national governments, the private 
sector, and international financing institutions.

innoVAtionS in irriGAtion For Food Production in ASiA
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Increasing food production with diminishing water supplies and a changing climate requires 
innovative measures and new technologies for irrigated agriculture. Despite undeniable 
past success in contributing to food production, there has been a discernible decline in the 
performance of some irrigation projects especially in Asia where traditional practices engage 
vast manpower resources in widely spread rural settings. This decline will need to be reversed 
given the need to double food production to meet increasing demands by 2050. This is 
particularly challenging in Asia, where 2/3 of the global population resides. 

Despite remarkable recent advances in new technologies to improve irrigation and drainage 
practices, their widespread adoption, backed by financial and other necessary supports, is yet 
to occur. Irrigated agriculture competes for low-cost, quality water. Affordable innovations, 
tailored to local conditions and adaptable by resource-poor farmers are as important as 
modernization of major irrigation diversions with a focus on production.  A combination 
of factors including physical, institutional, legal, governance and policy changes can yield 
better water productivity and lead to greater food security.

Many countries in Asia are extending incentives for farmers to adopt water-saving irrigation 
technologies. The main pathways for enhancing water use efficiency (WUE) in irrigated 
agriculture are to increase the crop biological output per unit of water (engineering 
and agronomic management aspects), reduce water losses, reduce water degradation 
(environmental aspects), and reallocate water to higher priority uses (societal aspects).

irriGAtion For Food Production in tHE ASiAn rEGion 

The Millenium Development Goal 1 (MDG1) that aims to reduce the world’s hungry 
by half is significant to the Asian region, with its high number of malnourished people. 
The challenge of ensuring food security has increased due to new external drivers that are 
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influencing management decisions. Such drivers include climate change, the economic 
downturn, world trade and tariffs and the competition of biofuel for land and water1. The 
importance of these drivers in affecting water decisions is highlighted in the World Water 
Development Report 3 (WWAP, 2009). 

Although the Asia-Pacific region accounts for 60% of the world’s population, it shares only 
35% of the world’s arable land. The region has the largest share of the world’s irrigated area 
(70%) and also the highest proportion of irrigation water withdrawals (86%)  (Annex 1). 
Growth of irrigated area in Asia during the last four decades is shown in Figure 1. 

Irrigated agriculture acts as an engine of socio-economic growth by reducing poverty and 
boosting rural growth. With the advent of improved agro-technology and assured irrigation 
water availability, yield levels, especially for cereals have shown an upward shift in many 
Asian countries (Figure 2). Yet there is still a significant yield gap to be bridged to reach 
potential crop yield levels.

In order to feed the extra 1.5 billion people in Asia in 2050, expansion of the irrigated area 
by 10% will be required (Mukherji et al. 2009). This will call for substantial additional 
withdrawals of water, a stress reflected in the thematic discussions by a consortium of global 
water related organizations which contributed to the World Water Forum 5 in sessions 
focusing on ‘Water and Food for Ending Poverty and Hunger’, covered under the theme  
‘Advancing Human Development and Millennium Development’ (ICID, 2009). 
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Figure 2.  Rice productivity trend in some major Asian rice growing countries

1 ICID, as coordinators of a consortium of 54 partners (with an additional 19 consultation partners) had 
wider consultations on different aspects of the subject. The recommendations at the end stressed the need for 
doubling the food production by 2050 for feeding the world’s population and emphasized the importance 
of irrigated (and drained) lands in contributing to the production objective.
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Asian irrigated agriculture faces the dual challenges of enhancing the efficiency of irrigated 
agriculture to obtain maximum productivity, as well as developing further water resources 
through additional storage and new areas to be brought under irrigation.

PrEVAiLinG irriGAtion tEcHnoLoGiES

There is a vast range of technologies available for improved operation, better management and 
efficient use of irrigation water ranging from simple siphon tubes for field water application 
to sophisticated canal automation and telemetry. These technologies can be categorized as:  
off-farm, on-farm, and soft tools for both on-farm and off-farm. 

 
Off- farm Technologies

Water is conveyed from its source (storage reservoir, river, or well) to the field head and 
subsequently applied to crops. This conveyance distance could be several hundred kilometers 
from the source (in large scale canal irrigation schemes), to a distance of few hundred meters (in 
small scale schemes). The objective of the conveyance system is to deliver irrigation water from 
the source to fields at the desired flow rate, at pre-decided times and locations in the command 
area with minimum losses. Technologies have been developed to achieve this objective through 
improved operation, regulation/control and in distribution of water over the command area. 
These include canal lining (both  conventional concrete or stone, as well as geo-textiles), 
upstream/downstream controls, Supervisory Control and Data Acquisition (SCADA)2, Total 
Channel Control (TCC) (Box 1), improved flow measuring and regulating devices, the use of 
telemetry, modern water delivery outlets, en-route storages / night storage reservoirs etc.

On- farm Technologies

Once the water reaches at the farm/field head from its source, it is applied through variety of 
methods/systems to the crop. These can broadly be classified as gravity or surface methods, 
sprinkler, and micro-irrigation.  Worldwide, the gravity system is the most dominant method 
adopted on about 244 million ha (86% of total irrigated area), while sprinkler irrigated area 
is about 32 million ha (11%), and micro-irrigated area is about 8 million ha (3%). 

Gravity/surface methods include furrows, borders, and basin layouts. Sprinkler systems 
cover a range of equipment from a conventional portable system to modern linear move, 
centre pivot, and reel move systems. Micro-irrigation is a low flow, low pressure precision 
irrigation system and comprises drip (surface and subsurface), line source/ tapes, micro jet, 
bubblers, foggers, and micro sprinklers. Normally, the field application efficiency is higher 
as one moves progressively from surface methods to sprinkler and to micro-irrigation. There 

2 SCADA refers to a system that collects data from various sensors at (remote) locations like an irrigation 
district control office or a factory or plant and then sends this data to a central computer. This then manages 
and controls the data.
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Box 1.  Australia Invests in Irrigation Technology

In Australia, irrigation is the largest consumptive user of water, and like most other places in the world it is fairly 
inefficient in the delivery of water to fields. The average off-farm efficiency (from storage to farm) and the system 
efficiency (from storage to plants) of large irrigation schemes in Australia are about 70% and 50%, respectively. The 
Australian government has allocated $AUS12 billion to invest in water projects and programs with the idea of making 
the environment healthier.

The Goulburn-Murray Irrigation district (GMW) had water entitlements of 1.7 billion cubic meters (BCM). In a 
normal year it used 2 BCM for which 3 BCM had to be released to deliver this amount of water. The Victorian 
State Government commenced a major project in 2002-03 using Total Channel Control (TCC) as new irrigation 
management technology. This technology was further developed and rolled out across the entire 6,500 km long GMW 
channel network. The Victorian Government announced additional modernization projects in 2006, 2007, and 2008 
to save an estimated 500 million cubic meters of water to be shared equally among the environment, the irrigators and 
the Melbourne urban community. The investment was based on the premise that delivery efficiency could be increased 
from 70% to 85%. 

Thus the 6,500 km of GMW channels will be reduced to a backbone channel network of 2,400 km with a fully 
automated channel system operated from a central location, 600 km will be lined to prevent seepage in lighter soil types 
and there will be some gravity fed pipelines to replace some of the smaller channels. The backbone upgrade is expected 
to cost about $AUS 600 million.

About 60% of farm outlets will be connected directly to the backbone channels and the rest of the farms will be 
connected to the backbone by privately owned infrastructure. This is a major change and complements on-farm changes 
that have been occurring over a long period. Farms have been getting larger through amalgamation of adjoining 
properties for some time. The biggest change however is farm irrigation practices. Most of the irrigation systems are 
gravity irrigation systems and with all the focus on greenhouse gas emissions farmers are reluctant to become big energy 
users. The importance of maintaining the gravity element of the system has seen the development of new on farm 
irrigation techniques. 

As part of the upgrade every Dethridge meter wheel will be replaced to comply with Australian Standards. The old 
Dethridge meter wheels measured in favor of the farmer by about 8% but could only deliver flow rates of 5 or 10 
million liters /day. The new meters are electronic and can deliver flow rates of up to 25 million liters/day. Farmers are 
also using a new irrigation system “Super fast surface irrigation”. The irrigator puts the entire flow down one irrigation 
bay and irrigation times have been reduced dramatically as the water doesn’t have time to penetrate beyond the root 
zone. The Australian Government has allocated another $AUS300 million to support the on farm irrigation changes 
which are needed to maintain the productive capacity of the region.

Typical investment costs and area coverage of various technologies in the Goulburn – Murray Irrigation District are 
shown below:

Type of Technology Area covered (ha) Cost/ ha (AU $)

Canal automation with SCADA 204,506 627

Canal lining with - HDPE 3,702 4048

- concrete 564 4468

- geo-textile/ beaching 23,768 142

Piped conveyance of irrigation water 11,803 6,490

Modern water delivery outlets (Flumegate/ Magflow/ PA) 117,054 481

Source: Data received from Australian National Committee of ICID (ANCID)

The Pilot of TCC on the CG2 has demonstrated that open channels can be fully automated and customer service can 
be greatly improved by maintaining constant flow rate. It facilitates accurate measurement of flow at each regulating 
structure and water losses can be better understood and located, thus providing opportunity to reduce leakages, seepage 
and poor operation of flow control devices.

Source: ANCID / also inputs from Stephen Mills, ANCOLD in a communication to ICID Central Office, 2009
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has however, been a significant increase in application efficiency of surface methods. Field 
channels are being replaced by piped conveyance systems using thermo plastic pipes and lay 
flat pipes. Furrow and basin layouts on laser graded fields can achieve comparable efficiency 
to the sprinkler method. Siphon tubes, gated pipes and solar power operated surge valves and 
cable-gation have further enhanced the application efficiency of surface irrigation methods. 

As irrigation water availability dwindles, farmers in many countries, especially in arid and 
semi-arid countries are opting for sprinkler and micro-irrigation systems with the latter 
preferred in water scarce areas and for growing high value/cash crops. Using micro-irrigation 
as well as optimum use of other inputs like fertilizers, nutrients, pesticides, energy and 
labor, farmers are able to increase crop yields and expand their irrigated areas from the saved 
water. Drip irrigation is also an ideal method for efficient and safe use of treated wastewater 
for irrigation (ICID 2008a). In the Asian region, China and India are at the forefront of 
adopting sprinkler and micro-irrigation, covering about 20% of the world irrigated area 
by these methods. Dramatic growth in expansion of micro-irrigation in India is a typical 
example of enabling policy support of the federal government and successful public- private 
partnerships (Box 2).

Besides the steady expansion of the commercial /conventional sprinkler and micro-irrigation 
systems which require relatively high investment and additional skill for their operation and 
maintenance, low cost systems have been developed which are in reach of smallholders and 
poorer farmers and have resulted in significant adoption (Ghinassi, 2008).

Another area where on-farm irrigation technology has made its impact is irrigation 
scheduling. Water is applied as per the crop requirement at the desired time intervals and 
duration. Scheduling tools like irrometers and tensiometers, wetting front detectors, and 
remotely operated soil moisture sensors and automatic weather stations are increasingly used 
in developed countries. However, despite the commercial availability of these scheduling 
tools, they are yet to become popular amongst most Asian farmers. 

Box 2.  Micro-irrigation Development in India

India has the largest irrigated area (60.9 million ha as net) in the world. Of this, 60% is irrigated from groundwater, 
25% from canal water and 15% from tanks and other sources. In the last five decades, groundwater irrigation has 
dramatically increased seven fold. Irrigated agriculture plays a crucial role in achieving India’s food security and is the 
main source of income and livelihood for the vast rural population. Water withdrawal for irrigation in the year 2000 
was 541 BCM (85.3 % of total water withdrawals). The Ministry of Water Resources (MOWR) estimates irrigation 
withdrawals for the years 2010, 2025 and 2050 at 688 BCM, 910 BCM, and 1072 BCM, respectively. With the 
growing competition from domestic and industrial sectors, future irrigation will have to be managed with decreasing 
water supplies. Governments have been promoting sprinkler and drip irrigation technologies for three decades enabling 
farmers not only to cope with looming water scarcity but also to expand their irrigated areas.

In India, micro-irrigation technology was introduced on a commercial scale in 1985, with area coverage of only 1000 
ha. The micro-irrigated area grew by leaps and bounds to 0.035 million ha in 1990, 0.153 million ha in 1995, 0.351 
million ha in 2000, 0.5 million ha in 2005, and1.6 million ha in 2009. This dramatic growth in micro-irrigated area 
is attributed to various factors like liberal subsidy support and a favorable policy environment by the Central and State 
governments, extensive research and development in academic and research institutes, a strong manufacturing base, a 
well developed pump and pipe industry, a wide network of system suppliers, government promotion of horticulture 
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and plasticulture, and farmer capacity building and training. The Central and State Governments together provide 
a subsidy of 50 to 70% of the investment cost of the micro-irrigation systems to farmers. The Government of India 
has provided US$ 667 million to bring an additional 1.5 million ha under micro-irrigation and 1 million ha under 
sprinkler irrigation during the 11th Five Year Plan (2007-12). This translates into almost US$ 2 billion of business for 
the Indian irrigation industry. 

The Ministry of Agriculture (2009) carried out an evaluation of the Centrally Sponsored Scheme (CSS) on Micro-
irrigation to assess its impact on crop productivity, irrigation water use efficiencies, savings in input use and labor use, 
as well as its deficiencies and operational constraints for upscaling. The study covered 6 states, 166 villages and 1251 
farmers across the country. The increase in micro-irrigated area was 800% in Madhya Pradesh, 150% in Orissa and 
300% in Punjab during 2006-2008.  A change in the land use pattern (from cultivable waste land to horticulture) in 
States like Madhya Pradesh, Kartnataka, Gujarat, Orissa was discernible.  Andhra Pradesh, for example, had 75% of the 
cultivable waste land converted to horticulture crops due to micro-irrigation. In micro-irrigation, average water savings 
of 30% to 60% and increases in yield from 20% to 50% have been realized. Micro-irrigation has proven to be a boon 
to all those farmers having groundwater as the lone source of irrigation. Farmers are now able to expand their irrigated 
areas, grow high value crops (fruits, vineyards, vegetables, flowers, sugarcane, cotton, etc.) and obtain high yields as they 
can apply water as per the crop demand and with greater precision.

In some states of India, like Andhra Pradesh and Gujarat, the State Government has carried out institutional reforms to 
operate the CSS by creating autonomous institutions with full transparency through the use of information technology 
to monitor progress, performance and financial tracking. This has reduced the operational costs as well as built trust 
among farmers and other stakeholders. The CSS has helped weaker sections of the society by helping them to put their 
small land under horticulture crops.

The Indian micro-irrigation industry’s current size is estimated at US$ 500 million and is expected to grow by 20% to 
30% annually. There are over 150 manufacturers and suppliers of micro-irrigation components both in organized and 
unorganized sectors. The world’s largest manufacturing company of micro-irrigation products is in India, which shares 
about 55% of country’s sprinkler and micro-irrigation market. Many States like Andhra Pradesh, Gujarat, Karnataka, 
Maharashtra, Rajasthan, have allocated significant budgets for expanding the area under micro-irrigation. Successful 
efforts are in progress to extend micro-irrigation technology in canal command areas
Source: Government of India: The Evaluation Studies of Centrally Sponsored Micro-irrigation Schemes An Executive Summary National Committee on Plastic Culture 
Applications in Horticulture (NCPAH), Ministry of Agriculture, Department of Agriculture and Cooperation, New Delhi, conducted by NABARD Consultancy 
Services Limited, Mumbai, March 2009. Website: www.ncaphindia.com.

There has been increasing awareness in adopting water saving irrigation technologies, 
especially for rice irrigation which is the dominant irrigated crop in Asia. Techniques such 
as an alternate wetting and drying (AWD) system (Box 3), broad ridges and furrows, use of 
centre pivots to irrigate rice with less water and raise crop yield are increasing.

Box 3. A Water Tube to Implement Water Saving using the Alternate 
Wetting and Drying Irrigation System for Rice

Traditionally, rice is grown in continuously flooded fields, wherein almost half of the applied water is lost as percolation 
and seepage. To save water, farmers primarily have to reduce these outflows while maintaining evapo-transpiration 
requirements to secure a good rice yield. One technology for doing this is alternate wetting and drying (AWD) 
irrigation. AWD does not require rice fields to be continuously flooded. Farmers re-flood their fields only after a certain 
number of days have passed following the disappearance of ponded water. With optimal management, this technology 
reduces the amount of water required by a quarter without reducing yields. We call this safe AWD. The AWD concept, 
previously called intermittent irrigation, has been studied for more than a decade. Scientists, however, did not come 
up with recommendations accepted by farmers to implement safe AWD. Some scientists gave recommendations in 
terms of the number of days of non-flooded soil in between irrigations. Others recommended that irrigation be given 
when soil water tension in the root zone reached a threshold value of 10 kPa. However, the terms “soil water tension” 
and “kPa” were completely alien to farmers. Furthermore, farmers did not have suitable equipment to know when the 
threshold was reached. As a consequence, AWD was not adopted widely by farmers.  What farmers need are simple 
messages tools to help them make decisions on when to irrigate. Scientists at the International Rice Research Institute 
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(IRRI), found that when field water level recedes to 15 cm below the soil surface, soil water tension in the root zone is 
always <10 kPa, ensuring good yield.

A practical way to implement safe AWD is to monitor the depth of ponded water using a field water tube. This tube 
can be made of plastic pipe or bamboo 30–35-cm-long and 15 cm or more in diameter and is perforated on all sides. 
Farmers can see and monitor the surface of water inside the tube. After transplanting, farmers keep the field submerged 
for about 2 to 3 weeks to suppress weed growth. The tube is then inserted into the soil leaving 10 cm above the soil 
surface, and soil is removed down to the bottom of the tube.

Water will flow through the holes into the tube, so that the water level inside the tube is the same as outside. After 
irrigation, the field water level will gradually subside. When the water level observed in the tube drops to 15 cm below 
the soil surface, irrigation should be applied to re-flood the field up to 5 cm.  This cycle is repeated throughout the 
season, except from a week before until a week after flowering, when the field should be kept flooded to prevent sterility 
from occurring. After that, the water level can be allowed to drop again to 15 cm below the surface before re-irrigation.

This technology has been widely validated in farmers’ fields by various national institutes and organizations in the 
Philippines, Bangladesh, and Vietnam. Everywhere, farmers reported a reduction in water use of 15–30%. This 
translates into a reduction in pumping cost and fuel consumption, and higher income. The Bangladesh Rice Research 
Institute reported that AWD increased farmers’ income by US$67–97 per ha. In Vietnam, the technology also resulted 
in a 15% yield increase. In the Philippines, PhilRice and the National Irrigation Administration have successfully used 
AWD to improve equity and reduce upstream–downstream conflicts in canal irrigation systems.

This technology has now reached 60,000–70,000 farmers in the Philippines, and tens of thousands in Bangladesh and 
Vietnam. Realizing its profound impact on farmers, the Bangladesh Department of Agriculture approved AWD for 
nationwide dissemination. The Philippine Department of Agriculture was working toward an Administrative Order 
authorizing AWD to be practiced in all irrigation systems nationwide.

Source:  T.P. Tuong, B.A.M. Bouman, R. Lampayan, International Rice Research Institute, Los Banos, Laguna, Philippines, ICID Newsletter, 2009/4.

Effective on-farm irrigation scheduling is only possible when the conveyance system supplies 
the irrigation water at the expected time, rate and duration. The selection of an appropriate 
operation method befitting to the local situation is therefore of importance.

Parallel to on-farm irrigation technology, there have also been advances in agricultural 
drainage technology. Sub-surface drainage systems using corrugated perforated PVC pipes 
and automatic drain pipe laying machines have greatly contributed to reclaiming and/or 
preventing water logging and salinity of irrigated lands on a sustainable basis. Some of the 
most detailed research, investigations and pilot installations of horizontal subsurface drainage 
for salinity and water logging control were conducted in the Chambal Command Area in 
Rajasthan, India (RAJAD 1995). 

In many countries, especially in South Asia, there has been exponential growth in groundwater 
irrigation. Groundwater provides greater control over time and duration of irrigation to 
farmers leading to higher crop productivity.  Rapid growth in deep well pumping technology 
during the past decades has further spurred the groundwater irrigation expansion in many 
Asian countries. India, for example, has a very vibrant pump industry which manufactures 
a wide range of irrigation pumps (centrifugal, submersible, and turbine), which are easily 
available in the Indian market at affordable prices. Indian farmers can lift water from aquifers 
as deep as 300 meters or more. India had more than 20 million groundwater wells for 
irrigation purposes by 2009.  This trend has lead to the water levels in aquifers declining at an 
alarming rate and raises concerns about sustainability of this option for irrigated agriculture. 
A recent World Bank report (2010) indicated that by 2050, an estimated 60% of India’s 
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groundwater blocks will be in a critical condition or overexploited. Legal provisions that 
enable proper restraint of the over-abstraction and community management of groundwater 
resources are unavoidable in the near future.

Soft Tools for Operation, Maintenance, Monitoring and Evaluation

Beside the advances in the hard technologies at the off-farm and on-farm scale, irrigation 
engineers and managers have been developing soft tools for improved operation, maintenance, 
monitoring and evaluation of irrigation systems. Canal operation simulation models are 
acknowledged as optional tools for improving the design and operation of irrigation canal 
systems. The availability of low cost personal computers has given a large number of canal 
irrigation managers access to simulation models. These models can be of great help for the 
comparison of various design alternatives, for the development and tuning of operational 
strategies and automatic control algorithms and for operation or for training (Goussard, 
2000). 

Modern tools like FAO’s RAP and MASSCOTE (Renault et.al. 2007), benchmarking 
of irrigation schemes jointly developed by FAO-IWMI-ICID, internet-based irrigation 
scheduling, and FAO’s Aqua Crop have been successfully tried in improving performance of 
irrigation schemes. 

Satellite remote sensing and geographic information systems are being successfully used for 
assessment of irrigation potential, extent of water logging and soil salinity, and assessment 
of crop productivity. Countries like Australia and Japan are already implementing an ‘Asset/ 
Stock management program’ using modern techniques and materials (Box 4). 

Participatory Irrigation Management as an Effective Soft Option for Better Water 
Management

During the past few decades, there have been numerous and significant recommendations by 
governments and other agencies involved in water basin management with a change in water 
governance offering the potential to get better results from irrigated agriculture. Participatory 
irrigation management (PIM) was advocated with water users associations administering the 
water supply in various countries and regions within. The scope for water savings is apparent 
from the available statistics in 2009. (Box 5). Another example of Water User Associations is 
seen in Japan where specific guidelines have been issued and successful management of on-
farm irrigation facilities are encouraged (Box 6).

tHE GroWinG cHALLEnGES

Water resources, both in terms of quantity and quality, are critically influenced by human 
activity including agriculture and land use change, construction and management of 
reservoirs, pollutant emissions and water and wastewater treatment. Water use is linked 
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primarily to changes in population, food consumption, economy (including water pricing), 
technology, lifestyle and society’s views about the value of freshwater ecosystems.

Among the most important drivers of water use are population and economic development, 
but also changing societal views on the value of water. The latter refers to the priority of 
domestic and industrial water supply over irrigation water supply and the efficient use of 
water, including the extended application of water-saving technologies and water pricing. 
India’s National Water Policy, for instance, assigns first priority for drinking water, followed 
by irrigation water supply although the States have the freedom to alter the priorities as 
appropriate. ICID looked critically at some basins in a few countries including India in an 
exercise titled ‘Country Policy Support Programme’3 that examines the impacts of different 
policies with respect to water use for people, food and the environment. Linking surface and 
groundwater within each basin and the need to integrate land and water management was 

Box 4.  Implementation of Stock Management in Japan

Japan has made huge investments in irrigation infrastructure construction in the past and most of the development 
of large–scale irrigation and drainage facilities has been completed. Today, most of these infrastructures have exceeded 
their standard life. However, due to decreasing budgetary allocation, Japan started a new program called “Stock 
Management Program” in 2007 with the objective of focusing on measures to effectively maintain the function of the 
various infrastructures and facilities with minimum cost. The stock management focuses on preventive maintenance 
technologies including modern techniques like sound waves to check for pipe leakages and repairing concrete lining 
with modern materials like polymers. A semantic of conventional and modern stock management approaches is shown 
in the following figure.

Source: Dr.Yohei Sato, Chairman, Japanese National Committee of ICID (JNC-ICID), Communication to ICID Central Office

3 ICID Country Policy Support Programme, 2006 (downloadable from official ICID website www.icid.org)
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advocated. Environmental needs would thereby be included in shaping future policy options 
for basin water and land management. 

Projections of water resources available for irrigation include reservoirs with dams to moderate 
the temporal and spatial variation in water availability, wastewater treatment and reuse, and 
desalination. Irrespective of climate change, new reservoirs are expected to be built in Asia, 

Box 5. The Case of the Dharoi Project, Gujarat, India

In the Dharoi Project in Gujarat State, India, a 26,000 hectare command area has been brought under Participatory 
Irrigation Management (PIM) with about 130 trained Water User Associations (WUAs). 

It is estimated that about 40 million cubic meters (MCM) of water could be saved in a year with proper system 
management and irrigation management carried out by WUAs. This results in a savings of about 1500 cubic meter of 
water per hectare. The investment in hardware and software has been in the order of Rs. 2500 per ha. The investment 
required to create new storage is about Rs. 20 per m3. The 1500 m3 of water saved therefore would correspond to Rs. 
30,000 per ha. Thus a minimal investment of Rs. 2500 saves Rs. 30,000.  PIM also helped in enhancing water supply 
to an increased area of about 25%.

A survey of yield increases in sample areas of 1258 ha in three WUAS of Rangpur, Kiyadar and Thalota found  that 
increases in yields of wheat, mustard, cotton, castor, and fodder were 60%, 33%, 23%, 18%, and 33%, respectively. 
Even if the increase in food crops is considered to be one ton per ha, these gains would correspond to an increase of 
about 25% in food produced, per unit of water. Translated in terms of quantity, this would be about 1000 m3 per ha, 
or Rs. 20,000. Thus Rs. 2500 per ha invested results in a savings of Rs. 50,000. 

PIM results in higher farmer income, increased employment, increased milk production, and a reduction in migration 
and have thus it has a multiplier effect. 

The Member Planning Commission of India at the Centre, Dr. Kirit Parikh, impressed with the results indicated that 
Gujarat had given the AMUL model of white revolution to the country and now the Dharoi model can give the blue 
revolution to the country. 
Source: A personal communication to ICID Central Office seeking statistics on costs and benefits by introducing soft and hard technology - from Mr. V.B. Patel, Former 

Chairman, Central Water Commission of India and Indian National Committee on Irrigation and Drainage (INCID),   

Box 6. Guidelines for On-farm Irrigation Development and Management 
in Monsoon Asian Countries

Assuring the sustainability of irrigation projects requires appropriate management of irrigation facilities with the 
participation of the water users. In many countries in the Asian monsoon region, however, on-farm irrigation facilities, 
such as farm ditches, are underdeveloped due in part to financial constraints, compared with the main facilities. Water 
user organizations (WUOs) of farmers that are responsible for the management of on-farm irrigation facilities are also 
underdeveloped.

Japan has a long history of developing a form of rice cultivation based on irrigation and drainage facilities with the 
participation of farmers. By taking advantage of this experience, the Rural Development Bureau, Ministry of Agriculture, 
Forestry and Fisheries of Japan intends to expand technical cooperation to developing countries in the Asian monsoon 
region so that they will be able to achieve more efficient water use and sustainable agricultural production.

Given the increasing importance of on-farm irrigation development (OFID) in the future, the bureau compiled the 
guidebook, “Guidelines for On-farm Irrigation Development and Management in Monsoon Asian Countries”. The 
guidebook is a compilation of the concepts and procedures such as how to plan, design, construct and manage for 
OFID and water management in the Asian monsoon region to improve the efficiency of water use and sustainable 
development in the region. In addition, when planning projects with WUOs, farmer’s wishes can be reflected in these 
projects and farmer’s understanding can be enhanced for management in the future.
Source: “Guidelines for On farm Irrigation Development and Management in Monsoon Asian Countries” by Rural Development Bureau, Ministry of Agriculture, 

Forestry and Fisheries, Japan
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even though their number is likely to be small. With increased temporal runoff variability 
due to climate change, increased water storage behind dams may be beneficial if annual 
runoff does not decrease significantly. Consideration of environmental flow requirements 
may lead to modified reservoir operations. In the future, desalination and wastewater reuse 
are likely to become important sources of water supply in semi-arid and arid regions. Use of 
poor quality water for irrigation, deficit water application and increasing crop productivity 
under drought conditions with drought tolerant crops are now widespread.  An increase 
in wastewater treatment and reuse in agriculture will be a necessity, particularly in water 
stressed basins in Asia, and in arid and semi arid areas.

in MonSoon ASiAn countriES

The dominant drivers of future irrigation water use are: the extent of irrigated areas, crop 
types, cropping intensity and irrigation water use efficiency. Most expansion is projected 
to occur in already water-stressed areas such as southern Asia, northern China, the Near 
East and northern Africa. The extensive areas being irrigated in Southern Asia largely lie in 
the Indo Gangetic and Brahmaputra basin plains extending downstream to the Sea. These 
basins, fed by the Himalayas, are vulnerable due to climate change especially with regard to 
agricultural water availability for non rainy season crops. 

A recent study by the International Centre for Integrated Mountain Development (ICIMOD) 
brings out a few facts that have great implications for Asia in particular. About 1.5 billion 
people live within the basins of the rivers of the Greater Himalayas including over 700 
million within the Indus and Ganges-Brahmaputra basins, and over 500 million within the 
Yellow and Yangtze basins.  Many more people, almost half of the world’s population, live 
within countries that depend on economic production sustained by these rivers (e.g., food, 
energy, industrial production).  These populations are growing, and their water demand is 
growing even faster, due to economic growth.  The Himalayan glaciers contain the largest 
body of ice outside the Polar Regions, providing critical dry-season and long-term water 
storage.  In the case of the Indus, about 45% of river flow is directly from glacier melt (this 
figure is about 9% for the Ganges and 12% for the Brahmaputra).  Flood impacts in the 
region, the population affected and number of deaths, are higher than in any other region

Climate change related studies warn the likelihood of a faster temperature increase at 
high altitudes.  In the Greater Himalayan region, models predict rising temperatures and 
decreasing snow and ice although some of these aspects are subject to further review by 
independent country studies.  According to ICIMOD4, data since 1960 indicate that glacier 
retreat is taking place more rapidly in the Himalayas than the global average, and apparently 
faster than any other major mountain range.  Increased precipitation is also predicted in the 
region, with higher variability and extremes, resulting in greater flood and drought shocks.  
As a consequence of the loss of glacier storage, overall flows of major rivers are expected to 
increase in the short run, and then to decrease due to the reduction of snow melt water, in 
some cases potentially very dramatically. 

4 ICID Country Policy Support Programme, 2006 (downloadable from official ICID website www.icid.org)
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Uncertainties and data gaps notwithstanding, the changing pattern of flows in the rivers of 
the Greater Himalayas, storages across the rivers (available and planned) are important for 
future food supplies in the Asian region, especially to address the challenges due to climate 
and environment.

concLuSionS

Use of appropriate technologies for water storage, conveyance, flow control and regulation, 
field application, scheduling, drainage of excess water, and maintenance of infrastructure 
greatly enhances the performance of irrigation schemes. The following key messages or 
recommendations are proposed for effectively promoting, adopting and deriving benefits 
from irrigation technologies in the Asian region.

n Development of appropriate and adaptive technologies befitting local needs is required; 
these have to be readily accessible to farmers and irrigation managers. 

n Enhanced investment in on-farm irrigation technologies, especially, micro and sprinkler 
irrigation which not only reduce irrigation water consumption but also increase crop 
yields and optimum utilization of other inputs like fertilizers, energy and labour is the 
foremost need for the future of  Asian irrigation. 

n Strengthening the State/National Irrigation Extension/Advisory Services for the 
successful transfer of improved irrigation technologies at the farm level are to be 
supported. It is crucial to deliver the technologies to millions of small and subsistence 
farmers. 

n Investments in irrigated agriculture have proved to be very cost effective as they guarantee 
high economic returns in terms of increased water and crop productivity.

n To enhance investment in technology development, promotion, and application 
outside of public investment, governments could encourage an active participation of 
manufacturers/ suppliers and private organizations.   

n There is a continuing necessity of capacity development and training of irrigation 
managers field staff and farmers to keep abreast of both off-farm and on-farm irrigation 
technologies.

n For technology adoption on a sustainable basis, improvement in irrigation services 
through reorganizing and upgrading irrigation agencies is a prerequisite; there will be a 
need for technological support for the water user associations who are to be engaged in 
PIM.

n Specific incentives to farmers and reforming other linkages such as markets outside the 
irrigation sector are important. .  

n International financing institutions, bilateral  and multilateral donor agencies should 
come forward to provide required funding in up-scaling and adoption of irrigation 
technologies and practices for using water in the most efficient and effective ways in 
developing countries.
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n Increasing private sector involvement in irrigation and drainage infrastructure investment 
and renewal is crucial, since this can no longer be covered just by the public sector.  

n Use of wastewater in peri-urban agriculture has become a reality in many Asian countries. 
The challenge is to promote already available technologies in managing these waters 
considering food safety, environmental issues, institutional arrangements, and national 
and regional policies.

n Pricing towards cost recovery objectives could contribute to a reduction in water use 
and help meet at least operation and maintenance costs of irrigation schemes. In due 
course this may even enable charging a part of the capital cost to the farmers, in order to 
achieve long term system sustainability. 
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Irrigation and Water Withdrawal in Asian Countries

Country Arable land Irrigated area % of Drained area Population in Water withdrawal 
 (million ha) (million ha) irrigated area (million ha) agriculture (%) for agriculture (%)

South Asia
Afghanistan 7.91 2.3 34 0.01 67 98
Bangladesh 8.02 4.43 56 1.50 55 96
Bhutan 0.15 0.04 24 NA 94 94
India 161.72 60.85 33 2.46 53 86
Nepal 3.20 1.17 47 0.09 93 96
Pakistan 21.45 19.59 85 7.86 50 96
Sri Lanka 0.92 0.74 39 0.03 46 95
Sub-Total 203.37 89.12 45.4 11.9 65.4 94.4

East Asia
China 142.62 57.78 36 21.14 67 68
Japan 4.42 2.53 36 3.66 6.61 62
North Korea 2.50 1.46 50 NA 29 55
South Korea 1.68 1.12 48 1.15 8 48
Mongolia 1.20 0.08 7 1.50 24 52
Chinese Taipei NA 0.37 NA 0.12 15 NA
Sub-Total 152.42 63.34 35.4 27.6 24.9 57

Southeast Asia
Cambodia 3.70 0.27 7 NA 70 98
Indonesia 20.50 4.50 12 0.27 43 91
Laos 0.92 0.17 16 NA 76 90
Malaysia 1.82 0.37 20 6.00 17 62
Myanmar 9.86 1.87 17 0.19 70 98
Philippines 5.70 1.52 14 2.72 39 74
Thailand 15.87 4.99 28 0.15 48 95
Vietnam 6.70 3.00 34 1.00 67 68
Sub-Total 65.07 16.69 18.5 10.3 53.8 84.5

Central Asia
Kazakhstan 21.54 2.12 16 0.53 19 82
Kyrgyzstan 1.35 1.07 74 0.15 25 94
Tajikistan 0.93 0.72 68 0.32 33 92
Turkmenistan 1.85 1.80 79 1.03 33 98
Uzbekistan 4.48 4.28 85 2.82 27 93
Sub-Total 30.15 9.99 64.4 4.85 27.4 91.8

West Asia
Georgia 0.80 0.47 44 0.15 19 59
Iran 15.02 8.70 29 0.19 26 91
Iraq 5.75 3.52 23 1.54 10 92
Israel 0.34 0.19 24 0.10 NA 62
Jordan 0.30 0.08 11 0.01 11 75
Saudi Arabia 3.60 1.62 81 0.04 9 89
Syria 4.59 1.33 76 0.27 27 95
Yemen 1.54 0.55 34 1.50 50 95
Sub-Total 31.94 16.46 40.25 3.65 21.7 82.25

Oceania
Australia 48.30 2.55 5 2.17 NA 75
New Zealand 1.50 0.29 11 NA NA 42
Sub-Total 49.80 2.84 8 2.17 - 58.5
Total for Asia  
& Oceania 762.53 198.44 35.4 60.52 39.1 86.3

AnnEX 1

Sources: (1) FAO 2005 (2) ICID 2007, 2008, 2009; (3) Gleick 2007 (4) FAO 2004.
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6. An oVErViEW oF indiA’S 
WAtEr MAnAGEMEnt 
ScEnArio For EnSurinG 
Food SEcurity

 M. Gopalakrishnan*

* Secretary General, International Commission on Irrigation and Drainage (ICID), New Delhi, India

ABStrAct

A rising population with an increasing average caloric intake means that India will need 
to double its crop production over the next 50 years in order to be self sustaining in food 
production. Agriculture contributes over 20% to the Indian gross domestic product, and an 
estimated 65% of the population depends directly or indirectly on the farming sector for 
their livelihoods. About 40% of India’s cultivated land is irrigated and agriculture is heavily 
dependent on the monsoon rainfall and this already variable precipitation will be aggravated 
by climate change. Agriculture is responsible for over 80% of total water withdrawals in 
the country and is vulnerable to increasing water scarcity due to rising demands from 
other sectors, overuse of groundwater, irrigation inefficiencies and aging infrastructure. The 
development of reliable sources of water for irrigated agriculture, land and water management 
to maximize crop production, the diminishing average farm size and the large population of 
undernourished people are serious challenges that India must overcome if food security is to 
be attained. 

introduction

The pressure on India’s natural resources, land and water is becoming more and more severe 
with the necessity to meet the basic needs of the ever increasing population The diverse 
nature and distribution of resources within the country, due to varying demographic, 
climatic, meteorological, social and cultural factors make dealing with the problems of food, 
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1 The author of the paper has presented three lectures at McGill University’s Global Food Security Conferences 
since its inception in 2008. The three aspects listed formed part of the main lecture in 2010 although earlier 
lectures given in 2008 and 2009 also contain references to this material.   

 The PowerPoint presentations and webcasts are available at http://www.mcgill.ca/ globalfoodsecurity/  under 
M. Gopalakrishnan and may help serve as simultaneous reference material.

water and livelihood security very complex. India has roughly 17% of the world’s population 
concentrated on 2.45% of the land area and is endowed with just above 4% of the world’s 
water resources. The population is 1.15 billion, second only to China, and 70% of this 
population lives in rural areas. It is anticipated that the population will rise to 1.6 to 1.8 
billion by 2050. 

India demonstrated its inherent resilience in 2008 when it withstood the global food crisis 
and the subsequent economic recession coupled with the steep rise in the price of oil. Despite 
impressive gains in economic investment and output however, India faces pressing problems 
such as significant overpopulation, environmental degradation, extensive poverty, and ethnic 
and religious strife. According to the FAO (FAO, 2011a) 21% or 238 million people are 
undernourished in India. A look into past, present as well as future food needs of India and 
their connection to water as one of the key and essential inputs for food production is the 
aim of this chapter. 

Three major aspects1 of dealing with India’s preparedness in the coming decades to assure 
food security are:

1. Food availability: Making available the food required to feed the increasing population 
requires estimating future food demands and assuring production with irrigated 
agriculture. This would include sustainable land and water management which assume 
great importance as demands from other sectors increase and resources become 
increasingly scarce. 

2. Reliable water supply: Sustaining food self sufficiency in an environment where water 
demand and supply varies due to the vagaries of monsoons, rainfall patterns and climate 
change is a great challenge. Special interventions and adequate water storage to reduce 
the risk of an uncertain water supply is critical to food security in India.

3. Food affordability: In a country with a sizeable poor population, affordability of food 
also plays a role in ensuring food security. The Indian government provides substantial 
social measures to try and ensure food is affordable to all. 

Food AVAiLABiLity

Background

Farming has been practiced for centuries in India and it has an enviable asset of land suitable 
for agriculture and water from rainfall that averages 1180 mm year. Human settlements 
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along the vast river systems of the Indian subcontinent date back several millenniums. In 
Tamilnadu, a stone masonry barrage was built 1900 years ago across the River Cauvery by 
the then ruling Chola kings. This structure, an engineering marvel that serves even today, 
enabled the entire Cauvery delta, the grain bowl of the south, to flourish. For centuries 
the land fed its population with its natural resources. With India’s partition in 1947, the 
historically well-developed irrigated areas of over 50% of the Indian continent, lying mostly 
in the mid- and tail parts of the Indus Basin, became part of Pakistan. An immediate problem 
on achieving independence for India was therefore food production. The new Republic of 
India made development of water resources and irrigation facilities to ensure food security 
a priority. The sixties saw the country facing famine and a goal of self sufficiency was born 
out of this acute grain shortage for internal consumption. Special attention was paid to the 
development of large scale storage projects and irrigation facilities to enable a successful 
Green Revolution in India. 

Successive five year plans assigned a major investment to water, power and agriculture 
and by the 1980s one could see its visible impacts, especially in food self sufficiency. The 
revolutionary practices in the agricultural sector made it possible to become a food exporting 
nation by the turn of the millennium which enabled a large section of the population to 
diversify their attention to other sectors of nation building. 

Agricultural Production

Agriculture is the mainstay of the Indian economy. Agriculture and allied sectors contribute 
nearly 22% of the gross domestic product (GDP) of India. There are approximately 120 
million farms in India with an average size of 1.3 ha and 65-70 % of the population is 
dependent on agriculture for their livelihood. There are 183.4 million ha of cultivated land 
and about 80% of it is used to grow India’s main foods including grains (rice, wheat, millet 
and sorghum) and pulses (beans, chickpeas, and pigeon peas). India has more cattle and 
buffalo than any other country. These animals are not butchered for meat, but are important 
to the economy for their milk. 

Nearly 60% of the cultivated area in India grows rainfed crops including nearly half the 
cereals, 90% of the pulses, and 80% of the horticulture and overall agricultural output 
depends largely on the Indian monsoon. Annual rainfall occurs during approximately 
100 hours during the monsoon which ranges from 3 to 4 months in different parts of 
the country. The monsoon rains come in short spells (often as storms), and can result in 
severe floods and colossal losses of life, crops and livelihoods. Rainfall varies widely across 
India from about 100 mm annual precipitation in western areas to as high as 11 000 mm 
in the northeastern parts.

Food grain production, a meager 51 million tonnes (MT) at the time of India’s partition 
in 1947, increased over four fold to 232 MT in 2003, which subsequently declined 
to about 212 MT in 2004 due to, among other factors, a lack of investment in the 
preceding decade in water resource management. It has been estimated that as much as 
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52 to 60% of the rise in food grain production was due solely to irrigated agriculture. 
Current average food consumption is 2400 calories per person day but the prevalence of 
poverty is still high, and improving and expanding irrigation is considered to be key to 
farmer prosperity. 

Potential Effects of Climate Change

The already uneven spatial and temporal distribution of rainfall will be aggravated by climate 
change and rising temperatures and are likely to cause reduced grain yields, particularly in 
rainfed areas (IPCC, 2007). In addition, Himalayan glaciers, unique reservoirs that support 
perennial rivers such as the Indus, Ganga and Brahmaputra which are the lifeline of millions 
of people in India, are shrinking. The current trends of glacial melt suggests that although 
in the immediate future increased snowmelt could increase river flows, the Ganga, Indus, 
Brahmaputra and other rivers that criss-cross the northern Indian plain could likely become 
seasonal rivers in the longer term. This is a consequence of climate change with significant 
potential effects on regional food security (IPCC, 2007).

Food Requirements

The “Report of the National Commission for Integrated Water Resources Development” 
released in 1999, by the Ministry of Water Resources, India2, estimated food demand in 
2025 and 2050 and developed actions with respect to agricultural production and irrigation 
necessary to meet this demand (Table 1). The necessity to double India’s present level of food 
production to 500 million tonnes in order to achieve self sufficiency in food production is 
obvious from this document. There is recognition of the need for placing agriculture on a 
growth path of around 4% or about half of what the country plans for the overall GDP 
growth rate.

The increased food demand is not only a result of a rising population but is also a function 
of a large proportion of that population moving toward a higher calorie, middle-class diet. 

WAtEr rESourcES And MAnAGEMEnt

India has 13 large river basin systems including 7 lumped systems that drain to the east and 
west coasts and 2 minor inland systems (the Rajasthan and North Eastern river basins). 
The vast coastal deltaic belts in the east as well as the alluvial plains in the Gangetic and 
Brahmaputra have supported cereals and a variety of other crops, fruits and vegetables from 
time immemorial.

Overall water availability including precipitation in all forms as well as flows from rivers 
across international boundaries (Mean Annual Flows) can be seen in Table 2. In India 

2 From the Government of India Ministry and Plan for Action  of Water Resources, “Integrated Water 
Resources Development – A Plan for Action - September 1999
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utilizable water is estimated based on the amount of water that can be withdrawn from 
its place of natural occurrence (like rivers with respect to surface water and groundwater 
aquifers with respect to subsurface water). Limitations to the amount of water that can be 
withdrawn include physiographic, environmental, legal and technical.

Table 1: Projection of food requirements and cultivable areas (including irrigated)

Details (2003-2004) 2025 2050

Low High Low High

Food grain Demand
(million tonnes)

Circa
220-230

308 320 420 494

Net Sown Area* (million ha) 143 144 144 145 145

Gross Cultivated Area^ (million ha) 190 202 204 218 232

Gross Irrigated Area (million ha) 75 91 98 113 146

Gross Irrigated Area for Food 70% of gross irrigated area for food crops

Rainfed Area (million ha) 115 111 106 105 86

Rainfed Area, Food 66% of rainfed area for food crops

Irrigated Food Yield (t/ha) 2.75 3.4 3.4 4.0 4.0

Rainfed Food Yield (t/ha) 1.25 1.25 1.25 1.5 1.5

Food Production (in million tonnes) 212-232 307 322 422 494

*Total area sown to crops. ^ Total area sown once and/or more than once in a particular year. 

(i.e. the area is counted as many times as there are sowings)

Table 2: Overall water availability in India

Sl. No. Description Annual Quantum in billion m³

1 Total Precipitation in all forms (rain, snow etc) 4 000

2 Average Annual River flows (Surface Water) 609

3 Utilizable Water Resources (Surface Water) 690

4 Replenishable Groundwater 432

5 Total Annual utilizable water 1122

6 Present Level of Utilization 605

7 Projected Water Requirement in 2050 Circa 1440

Irrigation withdrawals account for over 87% of total water withdrawals (Table 3). Even a 
20% improvement in surface irrigation of the large scale surface irrigation systems would 
save only 22 million m³, a small proportion of total surface irrigation withdrawals and 
inadequate for the expanded water needs for future food production.
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Table 3: Water withdrawals and returns for different sectors

Average Annual Withdrawals and Returns (All figures are in 106m3)

Details of Usage Withdrawals Return Flows as adjudged

Surface Irrigation 318 16

Groundwater Irrigation 206 141

Domestic Use 30 21

Industrial Use 39 18

Lake Evaporation 36

Total 629 196

Total Consumption 433

Irrigation Development: Past and Present

Irrigation to produce food grains has existed in India since prehistoric times. Following 
major famines at the end of the 19th century, major irrigation canals were built, and in 1900 
the Indian peninsula (including Bangladesh and Pakistan) had some 13 million ha under 
irrigation (FAO, 2011b). In 1947, India had about 22 million ha under irrigation. High 
priority has been given to irrigation with nearly 10% of all planned outlays since 1950 being 
invested in irrigated agriculture. This has resulted in 0.6-0.7 million ha of new irrigated 
schemes being developed every year on average. Multipurpose large and medium dams in 
various river basins were built to create water storage and realize hydro power where feasible, 
and canals and smaller diversion structures, barrages and small tanks were established 
throughout the country to combat drought during the growing season. Approximately 75 
million ha are currently irrigated in India in major (>10 000 ha), medium (2 000-10 000 
ha) and minor (<2 000 ha) irrigation schemes. Minor irrigation projects generally have both 
surface water and groundwater as sources, while major and medium projects exploit surface 
water resources. Fresh surface and groundwater water withdrawals for irrigation are 83% 
of total withdrawals and may decline to about 70% with measures to enhance efficiency in 
water use. The broad assessment of the area that can be ultimately brought under irrigation, 
both by surface and groundwater, made by the various States in the Union put the ultimate 
irrigation potential of the country at 139 million ha. 

Surface Irrigation

The outlay on surface irrigation, which used to account for the bulk of public investment 
in agriculture, was concentrated on projects that have taken an unconscionably long time 
to complete. In many cases, the project costs shot up. Subsequent outlays to ensure proper 
completion have not resulted in any significant additions to irrigated area. Inadequate allocat-
ions for system operation and maintenance and poor cost recovery due to lack of willingness to 
pay by the beneficiaries are a problem in almost all the large scale irrigation systems. 
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Groundwater Irrigation 

Nearly 60% of Indian irrigation is attributable to groundwater although a precise 
determination of groundwater contribution to food security is difficult because of the links 
between ground and surface waters. In many cases, conjunctive use has been a tradition for 
hundreds of years. For example, many surface water systems and unlined canals recharge 
groundwater. 

Overexploitation of groundwater is a serious problem in some areas and out of 5200 blocks 
in the country, over-abstraction, beyond natural annual recharge is occurring in about 
250 blocks and this number is rising steadily. The Central Groundwater Board (CGWB) 
observations on “decadal trends” (over a period of ten years) indicate that groundwater 
depletions exceed a rate of 4 m and more in the dark areas of Figure 1. 

Farmer investment has concentrated on groundwater exploitation in recent times, thanks 
to the advancement of technology, the declining cost of pumps and government energy 
subsidies. This has resulted in an increased number of wells, and abstraction from deeper 
depths by installing more powerful pumps and as a consequence wells get deeper, water tables 
fall, and water becomes scarcer. As pumping costs increase with water depth only better-off 
farmers have some chance of maintaining themselves in operation and such competition 
induces a new social imbalance with poor farmers losing the battle. In cases where they raise 
loans to remain in the game, they find that a stage comes when they are unable to pay back 
the loan and as seen in a few cases, even resort to the extreme step of committing suicide.

Figure 1. Decadal Trend in Groundwater Depletion

Water Level Fluctuation -
 January 2007  Vs  Decadal Mean(1997-2006) 

Plate - VII
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The unsustainable groundwater usage and/or expansion needs discouragement and the legal 
remedies are still limited in India. Areas converting from surface to groundwater usage due 
essentially to poor irrigation services rendered, need urgent attention and reversal to surface 
irrigation. With the new thrust for Water Users Association formation and Participatory 
Irrigation Management coupled with the formation of Water Resources Regulatory 
Authorities in nearly 16 States of the Union, better surface water irrigation management 
looks feasible.

Rainwater Harvesting

The impetus given to rainwater harvesting for supplemental irrigation in recent times has 
shown mixed results. The potential to enhance the overall food productivity from rainfed 
lands will demand new models in governance and are as yet in experimental stages. Scaling 
up would be a big challenge as the costs of rainwater harvesting are very high (2030 Water 
Resources Group, 2009).

Water Storage 

The live storage created annually with dams and barrages for major, medium and minor 
irrigation schemes (Table 4) plays a significant role in supporting the irrigation potential. 

Table 4: Live storage availability (106 m3)

Major Irrigation 
Projects

Medium Irrigation 
Projects 

Minor Irrigation 
Schemes 

Total Annual Live 
Storage 

214.52 6.24 31.66 252.42

Given the variations in the spatial and temporal distribution of rainfall, geography and land 
use, storage dams are a necessity for conservation of excess monsoon flows to meet the rising 
demand for water. With the rapidly growing population, a growing middle class, increased 
urbanization and industrialization, more and more water shortages are being felt across the 
country and in some cases severely. Water storage capacity varies widely throughout India 
and much of the country has less than 100 days of water storage (Figure 2). In Brahmaputra 
(darkest colour on map) there are only 2 to 3 days of storage. 

A total of about 176 billion m³ of ‘built up storage’ has been created. Another 76 billion m³ 
of storage capacity will be available from projects under construction and there is a 3 billion 
m³ capacity in small tanks making a future total storage capacity of 256 billion m³. There is 
yet another 108 billion m³ of identified capacity under consideration. 
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Future storage could possibly be increased in the Himalayan river basins but as these are 
internationally shared basins, agreements for shared water usage for the optimal benefit 
of the region are necessary. This is an urgent water agenda and will require international 
cooperation in the region.

Future Water Needs

The projected water needs estimated by the Government of India in 1999 to ensure doubling 
of food production by 2050 are seen in Table 5.

The National Water Policy (2002)3 puts an emphasis on Integrated Water Resources 
Development and Management as one of the imperatives for the country’s welfare; the 
policy to harness available water and land should keep in view the future food security and 
environmental integrity. Both land for agriculture and irrigation water for intensive agriculture 
will become constraining factors to meet the projected needs of anticipated increases in 
population, and prudent, ecological and sustainable development and management of 
available resources will play a primary role. This is a challenge for a developing country with 
a sizeable population of poor people.

3 National Water Policy, Government of India, 2002. Available at the Government of India web site: http://
wrmin.nic.in/writereaddata/linkimages/nwp20025617515534.pdf

Figure 2. Storage Created in Indian River Basins (in terms of the number 
of average annual days of flow, in different river basins)

India’s Water Economy page 48 of 95 

 
 
Noting that there are sharply diminishing additional yield from a unit of storage once there is 
substantial reservoir capacity89, these figures suggest: 

• That there is little value to additional storage in most of the peninsular river basins, (the 
Cauvery, Krishna and Godavari) and in the Narmada and Tapi. 

• There are likely to be a number of attractive possibilities for storing water in some of the “low 
storage basins” (including especially the Brahmaputra, Ganga, Brahmani and Subanerekha as 
well as the west-flowing rivers south of the Tapi and, to a lesser degree, the Mahanadi and 
Godavari). 

 
The idea of “linking rivers” has surfaced several times 
in India’s history.  In 1984 the National Water 
Development Authority was set up to identify 
appropriate inter-basin transfers and to undertake 
feasibility studies for these.  Figure 54 shows the links 
being considered by the NWDA. 
 
The idea of these inter-basin transfers has provoked 
much discussion and controversy in India.  On the 
one hand the idea seems obvious to most lay people 
who observe annual cycles of simultaneous drought 
in some parts of the country and floods in others.   
On the other hand there are many legitimate (and 
some less legitimate) causes for concern.   The 
legitimate concerns are that each “link” needs to 
evaluated not just from an engineering perspective 
but from economic, financial, environmental, social 
and political perspectives.  The politics are important 
both domestically and internationally.  Domestically, 
because such links could only materialize if there are 
willing “givers” – who would need to be compensated 

Figure 53b:  The number of days of average flow that can be 
stored in different river basins in India

GIS presentation by IWMI

GIS presentation by IWMI

Figure 53a: Flows in billions of cubic meters per year in the 
major rivers basins of India 

 

Figure 54:  
Possible inter-basin water transfers
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MEEtinG FuturE Food And WAtEr rEQuirEMEntS

Addressing the future food gap in India will be heavily dependent on raising crop yields, 
increasing the irrigated area and intensifying irrigated agriculture. 

Interbasin Transfers

Interbasin transfer for the purpose of maximizing overall water use to the advantage of 
food security and human welfare is being looked into. The overall program is composed 
of several water transfer links in the Indian peninsula as well as the northern Himalayas. 
Long distance water transfer from surplus basins such as the Brahmaputra, Mahanadi and 
Godavari to deficit basins like Krishna, Pennar, Cauvery and Rajasthan will be a boon to 
attain the requirements of food needs internally by 2050. The additional water supplied 
from water rich basins to a few closed basins will provide opportunities to increase the 
irrigation intensities and allow India to enhance its capacity for food production by 
creating about an additional 35 million ha of irrigated agriculture. These are of course 
‘long term action plans’ that require careful multisectoral study to ensure protection of 
all ecological and environmental interests while ensuring sustainable development for the 
country’s future essential food security.

Irrigation 

Improved water governance and use of energy is necessary to eliminate misuse and overuse 
of water resources for surface and groundwater irrigation. Better management of large and 
medium irrigation schemes is currently being addressed through participatory management 
of irrigated systems such as the creation of Water User Associations. This will result in 
more equitable and efficient use of water. In addition, improved efficiency of water, such as 
increased drip and sprinkler irrigation will also reduce agricultural water use.

Table 5: Water Requirements (km3 per year)4

Sector Water Demand

2000 2010 2025 2050

Irrigation 541 688 910 1072

Domestic 42 56 73 102

Industry 8 12 23 63

Energy 2 5 15 130

Others 41 52 72 80

Total 634 813 1093 1447

4 Government of India Central Water Commission (BP Directorate) - Report of the Standing Sub-Committee 
for assessment of availability and requirement of water for diverse uses in the country. August, 2000 as 
reflected in Water Data Complete Book, 2005
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Land and Crop Management

Improving land management to increase crop productivity includes no-till farming and 
improved drainage, and optimizing fertilizer use. Utilization of high quality germplasm, 
promoting agricultural crops that best fit the agroclimatic zones, using integrated pest 
management as well as pest resistant and drought tolerant varieties to increase crop yields 
are supported by ongoing research of numerous scientific and technological institutions. 
Agricultural extension programs to farmers and mass communication in local languages 
yield good results. 

 
tHE cHALLEnGES AHEAd

Risk and Uncertainties in the Widespread Use of Deep Wells in Agriculture 

Groundwater exploitation and utilization have made a substantial contribution to the 
creation of country’s overall food basket over the last several decades. However, the subsidy 
for the use of energy for agriculture and the lack of sufficient regulations on abstractions of 
groundwater have resulted in overexploitation in several areas with negative environmental 
consequences. Gradual changes in governance with the participation of farmers and water 
user associations are likely to yield improved management, cost recovery for the operation 
and maintenance and better discipline in asset management.

Climate Change and Erratic Monsoons

Adapting to the risks and uncertainties of increased frequency of droughts and floods 
associated with climate change with regards to water availability and food is an ongoing 
concern of the Government of India. With a successful monsoon, record grain production 
is possible as was the case in 2010. However, the stability of food security in the years 
ahead needs several essential preparations and manifold actions on different fronts including 
supplemental irrigation during dry spells, a timely supply of other inputs like fertilizers and 
ensuring agricultural credit.

Small Farm Size

The mix of large, medium and small scale projects in irrigated agriculture in India, naturally 
involves numerous stakeholders. Although family farms worked in earlier times, farm 
holdings are becoming progressively smaller through inheritance, and further family farm 
divisions pose a challenge in planning profitable solutions using irrigation and cropping. 
Bringing the benefits of food production to millions of small holder farmers is an extremely 
complex situation that is unique to this part of the world. Agriculture provides a livelihood 
for about 65% of the population and any blueprint for ensuring the sustainability of India’s 
food security and overall production is obliged to keep this factor and its important political 
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implications in mind. Profarm policies (support for tank and tubewell irrigation, energy 
subsidies) and associated activities aimed to protect the interests of the small scale holders 
and rural labour engaged in farming have not been well understood and supported by many 
hailing from different settings where profitable agriculture is a practice handled by large scale 
farmers as a commercial venture. They did however, have a major positive impact on food 
production.

Securing Food for the Underprivileged

One of the vexing concerns for India is its status with respect to securing food for the 
underprivileged. While some assessments describe ‘India is Shining’ because of (i) its status 
as the 4th largest global economy, (ii) an enviable growth rate of GDP (around 8-10% 
during the last three years) and (iii) an alert and vigilant society, a younger generation with 
higher aspirations, a vibrant media and self sufficiency in food, there is another side of 
the coin that is frustrating. And that is the starving India, the country that has one of the 
highest numbers of undernourished people (220 million), and is home to nearly 27% of 
the world’s malnourished. In addition, 43% of children under 5 years are underweight, the 
highest in the world. This makes the nation ponder its actions on how to respond to these 
undesirable facts.

India was more successful in reducing poverty in the pre-liberalization era when the 
government had fewer resources to invest, than it has been in the high GDP-growth phase 
since 1990. The rapid engines of growth for the Indian economy like the service and 
industrial sectors haven’t been revving enough in the rural hinterland, where agriculture is 
the mainstay. Government interventions like the National Rural Employment Guarantee 
Scheme (NREGA) or piecemeal efforts by NGOs have not been able to redistribute wealth 
to the rural poor to allow them to benefit from India’s great ‘economic’ growth. This makes it 
appear that adequate nutrition and health for all is still a long way off. The problem of hunger 
goes beyond poverty, however and the causes aren’t necessarily attributable to unavailability 
of grain as one sees rotting crops due to lack of adequate protection, insufficient quality 
silos, poorly performing distribution systems, lack of dedicated and timely action at various 
administrative levels, etc. Thus we waste some of the grain produced rather than assuring its 
delivery to the poor and hungry.

Some success has been achieved in the Indian State of Tamilnadu5 where technological 
interventions, innovative and fool-proof food delivery mechanisms have helped the poor. 
Each family, whether below the poverty line or not, is given a monthly entitlement of 20 kg 
of rice at about US 0.25 cents/kg. Effective targeting of Below Poverty Line (BPL) families, 
an administratively difficult task, is squarely addressed and the State is now deservedly held 
up as a model for a comprehensive food security system. To replicate and upscale such efforts 
is a challenge of the future. 

5 Interested readers can refer to press coverage in “The Hindu”, dated August 10, 2010,  
www.thehinduonline.com



71

introduction

concLuSionS

To feed an anticipated Indian population in 2050 of 1.6 - 1.8 billion while at the same 
time ensuring desirable nutritional standards, food grain production in the order of 450-
500 million tonnes per annum is absolutely necessary. This demands the realization of the 
ultimate irrigation potential of the country. The steps to be taken to increase the existing 
irrigation coverage will be to enhance production by intensive irrigation and to get more 
from the developed land and water. An additional amount of water supplied externally from 
water rich basins to a few closed basins will provide opportunities to increase the irrigation 
intensities. About 140 million hectares comprising 76 million hectares from surface water 
and 64 million hectares from groundwater can then supplement the present levels of 
irrigation. Is it not that water through irrigation assuring food security is an admirable tool 
for peace, forever?
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7. cLiMAtE cHAnGE And 
cAnAdiAn AGricuLturE
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ABStrAct

Canada is the world’s fourth largest exporter of agricultural and food products and agriculture 
is an important component of Canada’s economy. Understanding the implications of climate 
change on Canadian agriculture therefore has national and international implications for 
food security. With much of Canada’s agriculture concentrated in the Prairies, the length of 
the growing season, the number of growing degree days, the amount of heat available during 
the growing season and the amount of moisture available for crop growth and maturity 
were assessed for the Prairies using data for baseline and future periods. Projected values 
for these agroclimatic indices suggest unchanged or broadly favourable conditions for crop 
production under climate change, particularly if a projected moderate increase in moisture 
deficits is managed well. When viewed from the perspective of exceeding critical temperature 
and moisture thresholds, however, the potential for substantially increased risk emerges. The 
climatic variability accompanying climate change would thus be increasingly important in 
Canadian agriculture.

introduction

Canada is the second largest country on earth, yet only 7% of its land mass is suited for 
agriculture. Agriculture is an important component of Canada’s economy, contributing 
to 8% of GDP and 13% of the labour force (AAFC, 2007). Canada is also the fourth 

cLiMAtE cHAnGE And cAnAdiAn AGricuLturE
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largest exporter and fifth largest importer of agricultural and food products globally 
(AAFC, 2007).

The effects of climate change on Canadian agriculture would thus have a tremendous impact 
on both national and global agricultural supplies and associated food security. It is therefore 
important to quantify the potential impact of climate change on agricultural production  
in Canada.

The Canadian Prairies constitute the largest tract of agricultural land in Canada, contributing 
to 80-85% of its total agricultural production. The climatic regime consists of a short growing 
season with semi-arid moisture conditions and shifts in this regime would have substantial 
impact on crop production. This chapter focuses on potential changes in agroclimatic 
conditions for field-crop production in the Canadian Prairies as an indicator of the impact 
of climate change on Canadian agriculture. In particular, it explores climatic conditions that 
might impact growing season conditions and changes in moisture availability that would 
result from projected climate change. Evaluation of potential impacts on agriculture in 
Eastern Canada has been reported previously (Gameda et al. 2007).

MEtHodS uSEd to ASSESS cLiMAtE cHAnGE EFFEctS

There are several determinants that impact field crop production in Canada: i) growing season 
conditions delimited by Canada’s winter; ii) the amount of heat available during the growing 
season; and iii) the amount of moisture available for crop growth and maturity. These were 
assessed through determinations of growing season temperature and precipitation trends for 
current and future climates.

Daily values of observed maximum and minimum temperatures and precipitation amounts 
for the baseline period (1961-90) were obtained from the Agriculture and Agri-Food 
Canada (AAFC) climate data archive for climate stations across Canada’s agricultural region. 
Climate station data were then interpolated to a 0.5° grid across the agricultural region. 
Future climate scenarios for 2040-69 were obtained from the Canadian CGCM3 global 
climate model (GCM) for the A1B emissions scenario. CGCM3 is the third generation 
of the Canadian coupled GCM developed at the Canadian Centre for Climate Modeling 
and Analysis (CCCma) (Kim et al. 2002, 2003). The A1B emissions scenario (Nakicenovic 
and Swart, 2000) reflects a high growth, globally integrated economic system, and was 
chosen for illustrative purposes. Daily data from the GCM were downscaled to the same 
0.5° grid indicated above using the AAFC-WG stochastic weather generator. The efficacy of 
AAFC-WG in representing current climatic characteristics and developing climate change 
scenarios has been extensively explored (Qian et al. 2004, 2005, 2008, 2010a) Uncertainties 
associated with greenhouse gas emission scenarios, climate modeling and downscaling can be 
very large, and associated agroclimatic conditions are likely be substantially divergent from 
projections described herein.

The climatic determinants affecting crop production are best evaluated through the use and 
assessment of agroclimatic indices. The agroclimatic indices chosen for such assessments are: 
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i) growing season length (GSL), which provides a measure of the period where temperatures 
are above threshold values for crops of interest; ii) effective growing degree days (EGDD) and 
crop heat units (CHU), which are measures of the amount of heat available for cool-season 
and warm-season crops, respectively; and iii) water or moisture deficit (WD), a measure 
of the difference between precipitation (P) and potential evapotranspiration (PE). EGDD, 
CHU and WD are based on daily values accumulated over the growing season. Cool season 
crops such as wheat and barley grow optimally between minimum and maximum threshold 
temperatures of 5° C and 30°C, respectively. The optimal range for warm season crops such 
as corn and soybeans is 10 - 35° C. The growing season starts when spring temperatures have 
steadily exceeded minimum temperature thresholds for each crop type. The growing season 
ends for cool season crops when temperatures exceed 30° C or on August 31and for warm 
season crops when fall temperatures drop below 10° C. EGDD and CHU are calculated 
based on accumulated temperature exceedance of threshold values over the growing season. 
Detailed descriptions of the above indices are given in Qian et al. (2010b).

EFFEctS oF cLiMAtE cHAnGE on FiELd croP Production in tHE 
cAnAdiAn PrAiriES

Growing Season Length

The growing season length for 1961-1990 ranges between 119 – 156 days for cool season 
crops and 131 – 171 days for warm season crops in the Canadian Prairies. These ranges 
indicate a small difference of approximately 12 – 15 days, in the length of the growing season 
available for cool and warm season crops. During the 2040-69 period, GSL is projected to 
be between 106 – 160 days for cool season crops, indicating that little change in GSL is 
expected, with even a 13 day decline on the lower end, for small grain cereals such as wheat 
and barley. Future values for warm season crops range between 149 – 195 days, a significant 
increase of 18-24 days in growing season length for crops such as corn and soybeans. This 
suggests increased suitability in the Canadian Prairies for warm season crops if sufficient heat 
units and moisture are available.

 
Effective Growing Degree Days

Effective Growing Degree Days, or the amount of heat units available for the cool season 
small grain cereals, ranges between 948 – 1390 for the baseline period and is projected to 
increase to 1167 – 1507 for the 2040-69 period, a marginal increase of between 117 – 219 
units.

Crop Heat Units 

Crop heat units for warm season crops such as corn and soybeans were between 1694 – 
2851 for the baseline period. These values are on the cool side for warm season crops and 

cLiMAtE cHAnGE And cAnAdiAn AGricuLturE
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indicate why small grain cereals, with wheat being the most important crop within this mix, 
are currently the dominant crops in the Canadian Prairies. Projected values of CHU for the 
2040-69 period are between 2349 – 3606, a substantial increase of 655 – 755 units. This, 
coupled with the projected increase in GSL for warm season crops, suggests the possibility 
for a substantial shift to the production of warm season crops, particularly in the southern 
Prairies, if moisture conditions are not limiting. Changes in crop heat units between baseline 
and future climate are shown in Figure 1.

Water Deficit

Growing season moisture conditions for crop production can effectively be represented by the 
difference between precipitation (P) and potential evapotranspiration (PE) accumulated over 
the growing season to represent moisture deficits over the crop growth cycle. Determinations 
for cool season crops indicate that, for the baseline period, the WD was between 109 – 394 
mm. Although the lower range represents a tolerable level of moisture deficit for crops and 
thus unlikely to lead to notable changes in production, the higher one corresponds with 
severe moisture deficits that would result in significant yield losses or even crop failures. 
These values further confirm the semi-arid characteristic of the Prairies, and attest to the risk 
associated with crop production in the region. WD under climate change is projected to 
range between 62 – 376 mm, constituting only marginal improvements in moisture deficits 
in the Prairies. 

Figure 1. Crop heat units (CHU) for warm season crops for baseline (upper) 
and future (lower) climate assessment periods 
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WD values for warm season crops over the baseline period range between 77 – 478 mm, 
representing a greater deficit, in the order of 84 mm, than that expected for cool season 
crops in the drier regions of the Prairies. WD under climate change are expected to range 
between 51 – 575 mm, indicating that, although the cooler, northern reaches of the Prairies 
are projected to experience a reduction in moisture deficits, the drier southern region will 
experience  an additional 97 mm of moisture stress. Changes in water deficits for warm 
season crops between baseline and future climate are shown in Figure 2. 

Considering the combined effect of all three types of indices, indications are that cool season 
small grain cereals will not experience substantial changes in production under climate 
change. Warm season crops, on the other hand, have the potential for increased introduction 
and expansion in the region, but with increased risks to crop failures or losses due to projected 
increases in moisture stress.

These findings suggest that projected climate change may not be harmful to Canadian 
agriculture, and may even be beneficial for the increased production of warm season crops, 
particularly if the projected increases in moisture deficits are successfully managed. The 
assessment of 30-year normals or means does, however, have some limitations. Although it 
provides information about average climatic conditions likely in a future climate, it does not 
give any information about changes in variability and in the occurrence of extreme climatic 
events resulting from climate change.

Figure 2. Water deficits for warm season crops for baseline (upper) and 
future (lower) climate assessment periods 
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EFFEct oF cLiMAtic EXtrEMES on croP Production

Threshold Temperatures

One way to assess potential disruptions to crop production would be to determine the 
frequency of exceeding critical threshold temperature and moisture deficit values for major 
crops. As indicated earlier, upper thresholds for cool and warm season crops are 30 and 
35˚C, respectively. For the baseline period, the Canadian Prairies experienced temperatures 
exceeding 30˚C for just over seven days during the growing season. Under climate change 
it is projected that there will be 23 days with temperatures above 30˚C during the growing 
season. These projections indicate that small grain cereals will almost certainly experience 
temperatures exceeding their threshold values at critical growth stages.

The higher value of 35˚C is rarely exceeded in the Canadian Prairies and occurs 0.5 days 
per growing season for the baseline period. This is expected to increase to 4.4 days per 
season for 2040-69. In the warmer brown chernozemic soil zone of southern Alberta and 
Saskatchewan, this temperature occurs 0.8 days per growing season for the baseline period, 
but is projected to increase to nearly a week (6.5 days) for the 2040-69 period. This indicates 
that crops could potentially be harmed, particularly if the temperature extreme coincides 
with a critical growth period.

Moisture Deficits

The Canadian Prairies are classified as a semi-arid region, and often experience substantial 
moisture deficits. Assessment of the probability of exceeding critical moisture deficit values 
indicate that, during the baseline period, the Prairies had a 93% chance of exceeding a 
WD of 100 mm, and a 35.8% chance of exceeding a WD of 300 mm. Projections under 
climate change indicate no change in the probability of exceeding WD of 100 mm, but 
point to an increase of over 10% in the probability of exceeding a WD of 300 mm. For the 
warmer southern Prairie region mentioned above, probabilities of exceeding a WD of 300 
mm increases from 50.4% for the baseline period, to 64.9% under climate change.

concLuSion

Projected values for important agroclimatic indices suggest unchanged or broadly favourable 
conditions for crop production under climate change, particularly if the projected moderate 
increase in moisture deficits is managed well. When viewed from the perspective of exceeding 
critical temperature and moisture conditions, however, the potential for substantially 
increased risk emerges. Undoubtedly, crop production will adapt to different climatic regimes 
as it has in the past (Olmstead and Rhode, 2011). A couple of lessons can be drawn from 
this: i) although agroclimatic indices provide broad information regarding the potential for 
growing defined categories of crops in a given region, they do not capture the risks associated 
with climatic variability and extremes; ii) it is important to capture the magnitude of changes 
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to critical climatic thresholds, and to depict climatic variability such that associated risks to 
production are determined in conjunction with potential for production. 

These findings indicate that the Canadian Prairies are projected to provide increased 
opportunities for the production of high value agricultural crops, but with increased risks that 
could frequently lead to yield reductions or crop failure. The implications of this for global 
food security are important in that fluctuations experienced within Canadian agricultural 
production due to climatic variability will be reflected in corresponding fluctuations in 
the availability and price of staple foods internationally due to Canada’s role as a major 
contributor to global food supplies.
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ABStrAct

Lowlands, flood prone areas, can be found all over the world, along coasts, in river floodplains 
and as inland depressions. These are generally sensitive areas with a high ecological value and 
are basically unsuitable for development. However, due to their strategic location there is 
often a tremendous pressure to develop these areas for various types of land use. In this 
chapter the role of tidal lowlands for food production in the humid tropics is presented in 
light of the food needs related to population growth, increase in the standard of living and 
the on-going urbanisation. The advantages of the tidal lowlands, as well as the related risks 
and uncertainties of their development, will be illustrated.

introduction

Lowlands, flood prone areas, can be found all over the world, along coasts, in river floodplains 
and as inland depressions. In their natural state these are, in many cases, sensitive areas with 
a high ecological value. Therefore they are basically unsuitable for development. However, 
due to their generally strategic location there is often a tremendous pressure to develop 
these areas for various types of land use. Initially after reclamation the land use is generally 
agriculture. However, in time the land use may gradually change towards an increasingly 
urban and industrial land use, as well as in certain cases, into recreational areas and man-
made nature conservation areas (Schultz, 2006). Among the lowlands, the tidal lowlands 
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1 Least developed countries. Most of the countries in Africa, several countries in Asia, 1 country in Central 
America and most of the smaller countries in Oceania;

 Emerging countries. Most of the Eastern European countries (including Russia), most of the countries in 
Central and South America, most of the countries in Asia (including China, India, Indonesia and Pakistan), 
and several countries in Africa;

 Developed countries. Most of the countries in Western and Central Europe, North America and some 
countries in Central and South America, the larger countries in Oceania and some countries in Asia.

have kind of a special place: due to the tidal fluctuation they may have the advantage that 
irrigation as well as drainage by gravity is possible, especially when the tidal movement is 
still taking place in the fresh water zone near the mouth of a river. In this chapter some 
characteristics of population, population growth and urbanisation will be presented. This 
will be followed by a summary of the opportunities of (tidal) lowlands in the humid tropics 
for food production as well as of certain risks that have to be taken into account in their 
development and management. The chapter will finish with a future outlook and some 
concluding remarks.

PoPuLAtion, PoPuLAtion GroWtH And urBAniZAtion

Population and population growth can be distinguished by three groups of countries: 
least developed, emerging and developed1. (Van Hofwegen and Svendsen, 2000; 
Schultz, 2001; Schultz et al. 2005 and 2009; International Commission on Irrigation 
and Drainage (ICID) 2009 and United Nations Department of Economic and Social  
Affairs, 2009). 

The least developed countries are home to nearly 800 million people. In these countries, 
there is a rapid population growth resulting in an estimated doubling of the population 
by 2050. The emerging countries house almost 5 billion people (74% of the worlds’ 
population). They still show a significant population growth, resulting in an estimated 
30% increase in population by 2050. These countries also show a relatively rapid growth 
in the standard of living which results in changes to diet with the implication that more 
food needs to be produced than would follow from just the increase in population. The 
developed countries house almost one billion people and there is almost no population 
growth anymore. Some countries - like Germany and Japan - even show a certain decline 
in population. 

In order to illustrate the role of tidal lowlands in food production in the humid 
tropics some characteristic data on Indonesia, Malaysia, Thailand and Viet Nam have 
been analysed, as well as some data for Asia and the world as a whole. These data are 
summarised in Table 1.
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Table 1: Population density with respect to geographic area and agricultural land 
(Schultz et al., 2009 and United Nations Department of Economic and Social Affairs, 2009)

Country/ 
Continent

Total area 
in 106 ha

Arable land 
in 106 ha

Total population 
in millions

Population density in  
persons/km2

Total area Arable land

2010 2050 2010 2050 2010 2050

Indonesia 192 34 225 287 117 149 662 844

Malaysia 33 8 27 39 82 118 338 488

Thailand 51 18 67 74 131 145 372 411

Viet Nam 33 9 86 111 261 336 956 1,230

Asia 3,180 572 4,030 5,220 127 164 705 912

World 13,600 1,540 6,670 9,020 49 66 433 586

With respect to the topic of this chapter, population density with respect to geographic area 
and agricultural land as shown in Table 1 are of particular importance. It can be observed 
that with exception of Viet Nam, population densities with respect to geographical area 
are in the order of magnitude of the average for Asia and about three times as dense as the 
world average. The population density in Viet Nam, however, is significantly higher, about 
twice the average for Asia. If we look at the population densities with respect to arable land 
we see that Malaysia and Thailand have about half of the density for Asia and slightly below 
the world average. Indonesia and especially Viet Nam have significantly higher population 
densities on arable land than average.

Population Growth and Urbanisation

The population growth in the emerging and least developed countries will be concentrated in 
the urban areas. Most of these areas are in the lowlands. It is therefore expected that within 
50 years 80% of world’s population will live and work in lowland, flood prone areas, most 
of them in cities (Schultz, 2008). In order to achieve or maintain food security a significant 
change will be required from smallholder farming towards food production for the urban 
population (Schultz et al., 2009). This implies an increase in farm size and production of 
higher value crops on land surrounding urban areas. 

An example of rapid urbanisation is shown in Figure 1 with the growth of Jakarta, Indonesia 
from 1972 to 2005. In Figure 2 the change in percentage of urban population from 1950 
to 2050 is shown for the four humid tropical countries as well as for Asia and the world. 
Figure 3 shows the growth of the urban population and rural population as derived from 
population data described above and Figure 2. The same has been done for the developed, 
emerging and least developed countries, as well as for the world as a whole (Figure 4). From 
these figures it can be derived that the urban population has significantly increased and will 
increase further in the future, especially in the emerging countries. What can also be derived 
from Figures 3 and 4 is that in the emerging countries the rural population has peaked and 
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that in the coming decades a reduction may be expected. For the least developed countries a 
certain growth in rural populations may still be expected.

oPPortunitiES oF LoWLAndS in tHE HuMid troPicS For Food

Based on the developments outlined above, the following challenges with respect to food 
production and security are applicable (Van Hofwegen and Svendsen, 2000, Schultz, 2006, 
Schultz et al., 2009):

n to feed the growing world population, especially in the emerging and least developed 
countries, at affordable prices;

n to improve the standard of living and environmental conditions in the rural areas; 

n to develop and manage land and water in a sustainable way during coming decades 
especially in emerging and least developed countries. 

The (tidal) lowlands, especially in the humid tropics, may contribute significantly to cope 
with these challenges because of their potential for food production:

n With adequate water management, flood protection where required, farming practices 
and post harvest provisions, three harvests of rice per year of on average 4 - 8 tons 
each can be obtained (Figures 5 and 6). With respect to this it has to be realised that 
despite the high population density all four countries in the humid tropics are food 
self sufficient in rice. In addition, Thailand and Viet Nam are respectively the first 

Figure 1. Growth of Jakarta over thirty years
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and second rice exporters in the world. By far most of this rice comes from lowland 
areas, especially in the Chao Phraya (Thailand), Mekong and Red River (Viet Nam) 
floodplains and deltas;

Figure 2. Increase in percentage of urban population in Indonesia, Malaysia, 
Thailand, Viet Nam, Asia and the world over 100 years

Figure 3. Growth of urban (left) and rural (right) population in Indonesia, 
Malaysia, Thailand and Viet Nam over 100 years
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n The agricultural schemes that were developed during the last decades have a rational 
layout, with relatively large and rectangular parcels. Due to this, mechanisation and 
increase in farm size are easily possible;

n There are still opportunities in several lowland areas to go from single cropping to double 
and even triple cropping. 

Figure 4. Growth of urban (left) and rural (right) populations in the 
developed, emerging and least developed countries, as well as 
for the world over 100 years

Figure 5. Rice field in the tidal lowlands in Indonesia with a yield of the 
first rice crop of 8 tons per ha (left) and combine to harvest the 
rice in a mechanised way (right)



87

introduction

This underlines the importance of adequate water management infrastructure, good 
operation and maintenance, and last, but not least of stakeholder (farmer) participation 
and commitment. In the tidal lowlands in Indonesia this is being, or can be established 
very well with movable flapgates in the tertiary canals and flapgates, combined with vertical 
sliding gates in the secondary canals (Figure 6) in combination with the establishment of 
water users associations (WUA) that have a legal status (Joint Working Group, Ministry 
of Public Works and Rijkwaterstaat, 2006a and b, and Suprianto et al., 2010). For the 
operation of the water control structures in the tertiary canals, agreement can be relatively 
easily obtained among the up to 16 farmers that have their fields in the concerned tertiary 
block. The problem with the water control structures in the secondary canals is that 
there is generally no agreement among the about 125 farmers that have their fields in the 
concerned secondary block, on the operation rule of these structures, resulting in their 
inadequate performance.

In several of the lowland schemes, medium to long-term problems may be expected due 
to land subsidence and/or sea level rise (Rahmadi et al., 2010). Generally there is a global 
realisation of the possible impacts of sea level rise, such as increased risk of flooding and 
salinity intrusion. For example, the effects for the Mekong Delta in Viet Nam were clearly 
presented by To Quang Toan et al. during the 8th Annual Mekong Flood Forum in May 
2010, Vientiane, Lao PDR.

However, there is a general unawareness and neglect of the possible effects of land subsidence 
in tidal lowland areas in the humid tropics. In order to understand this problem it has to 
be realised that the upper layers in lowlands generally consist of clay and/or peat. After 
reclamation of the clay soil there will be a certain subsidence, but it will remain within a few 
decimetres. The same holds true for reclaimed tidal lowlands with clay soil where most of the 
subsidence has already taken place. With peat soils, however, the story is completely different 
and reclamation subsidence and oxidation of 0.10 - 0.15 m/year may be expected. This 
subsidence far exceeds the possible impacts of sea level rise (Figure 7) (Intergovernmental 

Figure 6. Movable flap gate in a tertiary canal (left) and flap gate and 
vertical sliding gate structure in a secondary canal (right)

roLE oF tidAL LoWLAndS For Food Production in tHE HuMid troPicS



88

WAtEr MAnAGEMEnt For GLoBAL Food SEcurity

Panel on Climate Change (IPCC), 2007, Rahmadi et al., 2010). The consequence of these 
processes is that for reclaimed peat soils after a period of 10 to 15 years drainage by gravity 
will have to be replaced with drainage by pumping. Under the climatic conditions of the 
humid tropics, drainage by pumping is generally not affordable for agricultural land use. 
Due to this the areas become waterlogged and those who are exploiting these areas will leave. 
It is therefore of major importance that the remaining peat soils in the tidal lowlands not 
be reclaimed but be preserved, unless it is known that after disappearance of the peat soil, 
drainage by gravity will still be possible. For Indonesia, for example, this implies that out of 
its 20 million hectares of tidal lowland only 8 million hectares are suitable for agricultural 
exploitation (Suprianto et al., 2010).

With respect to agricultural water management it has to be realised that only three parties 
are really in charge (Figure 8) (Schultz et al., 2005). These concern the Government for 
policy, legislation and the construction, operation and maintenance of large water bodies 
and main structures of crucial importance; the irrigation and drainage agencies for the main 
and distributary systems and last but not least the farmers, generally for the field systems. 
This implies that when these three parties agree on how the systems will have to be operated 
and maintained, there will generally be high returns by means of good yields per hectare. 
However, when there is no agreement among these three parties, insufficient measures with 
respect to operation and maintenance will be taken, systems will decay and yields will be 

Figure 7. Sea level rise and subsidence of peat soil after reclamation, based 
on the highest forecast of the Intergovernmental Panel of Climate 
Change (2007) and the expected subsidence and oxidation in the 
humid tropics. For subsidence and oxidation of peat the maximum 
has been set at 4.00 m, while it may be supposed that by that 
time the land will be under water.
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significantly below the achievable level. All other parties as shown on the right side of Figure 
8 are of importance, but at the end of the day they are only contributing and the key for 
success is with the responsible parties.

FuturE outLook 

With respect to the future outlook, the following items are of relevance:

n There is a general understanding that global food production will have to be doubled 
in the forthcoming 25 - 30 years. There is also an understanding that 80 - 90% of 
this increase will have to come from existing cultivated land and only 10 - 20% from 
new land reclamation. In rainfed areas without a water management system, rainwater 
management and improvement of livestock and fisheries may result in some progress, 
especially in the livelihood of poor smallholder farm families. There is, however, no 
way that the cultivated area without a water management system can contribute 
significantly to the required increase in food production (with the additional threat 
posed due to global climate change). Due to this the share of irrigated and drained 
areas in food production will have to significantly increase, especially in the emerging 
and least developed countries. This can be achieved either by installation of irrigation 
or drainage systems in areas without systems, improvement or modernisation of 
existing irrigation and drainage systems, installation of irrigation systems in rainfed 
areas with a drainage system, or installation of drainage systems in irrigated areas. In 
addition improvements in the institutional aspects of system management need to 
be considered, like increased participatory management of irrigation and drainage 
systems (Schultz, 2003 and Schultz et al., 2009).

Figure 8. Actors in agricultural water management
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On the other hand due to urbanisation, industrialisation and various other processes 
agricultural areas are taken out of production which aggravates the problem. In Indonesia, 
for example, about 40,000 - 50,000 ha per year of agricultural land is taken out of production 
due to urbanisation.

n Modernisation of irrigation and drainage systems will be required at a large scale and in 
combination with water saving irrigation techniques and practices where appropriate. 
In light of this the development of sprinkler and drip irrigation systems is promising. 
Over the past three decades globally 44 million hectares of such systems have been 
installed, which is in fact a very rapid development (International Commission on 
Irrigation and Drainage (ICID), 2010). 

n In addition to modernisation at a large scale, flood protection will increasingly be 
needed. The value of the crops per hectare is rising and farmers in the lowlands will 
not accept flooding of a significant part of their crop anymore. In light of this the 
policy that the government of Viet Nam has recently adopted for the Mekong Delta 
is quite interesting. In essence this policy concerns a high level of protection for the 
higher parts of the delta. protection of the lower levels of the delta in such a way that 
two crops can be grown annually and these areas are inundated during the peak of 
the annual floods enabling the spreading of fertile natural sediments over the fields. 
Finally no protection for the deepest parts of the delta and using them as storage areas. 
Also the distinction of types of flooding as beneficial or damaging floods is interesting 
(Figure 9). 

The developments as outlined above, with on the one hand the growth of the population and 
rapid urbanisation, especially in the emerging countries, and on the other hand the specific 
physical conditions in the (tidal) lowlands, will require that countries have a development 

Figure 9. Flood scale classification in the Mekong Delta, based on the water 
level at Tan Chau Station (Trinh Hoang Ngan and Bui Duc Long, 2009)
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and management strategy on maintaining food security, as well as on the role allocated to the 
tidal lowlands in achieving this objective. In the development of such a strategy, the short, 
medium and long-term perspectives need to be taken into account.

concLuSionS

n (Tidal) lowlands in the humid tropics have a tremendous potential to significantly 
contribute to food production.

n However, existing cultivated (tidal) lowlands may have to be improved. For new 
reclamations, careful selection of areas, as well as of the development approach will be 
of major importance for success.

n In such approaches the specific physical conditions have to play an important role in 
order to prevent reduced benefits from generally considerable investments.
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ABStrAct

Central Asia is a vast, land locked region comprised of five independent countries: Uzbekistan, 
Turkmenistan, Tajikistan, Kyrgyzstan, and Kazakhstan. Due to the arid nature of the regional 
climate, irrigated agriculture is a necessary practice and the two major rivers, the Amu Darya 
and the Syr Darya, are heavily used for irrigation. Although most of the region has rates 
of food insecurity below 11%, in Tajikistan, the country with the lowest cultivated area, 
over 30% of the population is undernourished. Rapidly growing populations in rural areas 
coupled with shifting diets and an anticipated warmer climate will place increasing pressure 
on water resources for food production. Deteriorating water infrastructure and rising use 
of water for hydropower have reduced the reliability of water supply for farmers and low 
irrigation efficiencies have resulted in low yields per unit of water. Improved irrigation 
technology and crop management, integrated water management at the basin level to share 
water within an irrigated region and water governance to oversee water use of all sectors is 
critical to food security in the region. 

 
introduction

Central Asia is a vast, land locked region with densely populated oases located along the upper 
and middle reaches of two great rivers and their tributaries and in irrigated areas and deltas 
in their lower reaches. The region is comprised of five independent countries: Uzbekistan, 
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Turkmenistan, Tajikistan, Kyrgyzstan, and Kazakhstan (Figure 1). Geographical features vary 
from deserts, to permafrost, high plateaus, mountains, and steppes and temperatures vary 
significantly with altitude. Most of Central Asia has an arid climate. Scant precipitation (less 
than 350-400 mm/year), extremely low humidity (22-40 % in summer), high evaporation 
rates (maximum 1700 t/year), and abundant solar radiation are major climatic features of 
this region.

Major rivers of the region include the Amu Darya, the Syr Darya and their former tributaries 
the Zarafshan, the Murghab, the Hari Rud and major bodies of water include the Aral Sea 
and Lake Balkhash. Virtually all of the water in the Central Asia region originates from 
permanent snowfields and glaciers in the Tian Shan Mountains in Kyrgyzstan and Tajikistan 
and is carried for over 2000 km by the Amu Darya and the Syr Darya to Kazakhstan, 
Turkmenistan and Uzbekistan, and into the Aral Sea (UNDP 2005a). 

Central Asia has a rich culture and heritage and a diversity of religions and ethnicities. The 
region has been closely tied by its nomadic peoples and the Silk Road acted as a crossroads 
for the transport and trade of goods and people throughout history. The current total 
population within Central Asia is over 61 million and almost half live in Uzbekistan (Table 
1). An average of 41% of the people lives in urban areas although this varies widely from 
26% in Tajikistan to 58% in Kazakhstan. Per capita GDP also varies widely within the 
region from a high of USD 11,800 in Kazakhstan to a low of USD 1900 in Tajikistan. These 
numbers parallel the proportion of the population which lives below the poverty line varying 
from 12 to 60%. 

Figure 1. The five countries of Central Asia
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Table 1: Population and economic data

Country Population
(2010)1

Population
Growth
Rate (%) 
(2010)

Urban
Population

(%  of 
total) 
(2008)

GDP
per capita

(PPP2)
USD

(2009)

Population
Below

Poverty 
Line

(% of total)

Population 
that is 
Under-

nourished
(% of 

total)*

Kazakhstan 15,460,484 0.4 58 11,800 12 (2008)1 NA

Kyrgyzstan 5,508,626 1.4 36 2200 40 (2004) 10 (2007)

Tajikistan 7,487,489 1.85 26 1900 60 (2009) 30 (2007)

Turkmenistan 4,940,910 1.14 49 6700 30 (2004) 6 (200)

Uzbekistan 27,865,738 0.9 37 2800 26 (2008) 11(2007)

Central Asia 61,263,247 1.15 41 5200 28
 
1 Number in brackets is the year data were estimated. 2 Purchasing power parity

Source: CIA World Factbook, 2011 *FAO, 2011

currEnt StAtE oF Food SEcurity And WAtEr MAnAGEMEnt in 
cEntrAL ASiA

Background

Due to the arid nature of the regional climate, irrigated agriculture is a necessary practice 
in Central Asia and has been carried out for centuries. In Tajikistan, Turkmenistan and 
Uzbekistan all or most of the cultivated area is irrigated (Table 3). Some 22 million people 
depend directly or indirectly on irrigated agriculture and in rural areas it supports 60-
70% of the population (Dukhovny and Sokolov, 2003). Irrigated agriculture lost most of 
its profitability during the 1990s and early 2000 due to the sharp decline in world crop 
prices and farmer net incomes declined from USD 500-1600 to USD 100-200 (Dukhovny 
and Sokolov, 2003). The weakened economy in Central Asia and the considerable drop in 
national per capita income resulted in a drastic decrease in subsidies and support for the 
agricultural and water sectors. Procurement of agricultural machinery, fertilizers and other 
chemicals declined and water infrastructure, especially at the on-farm level, deteriorated. As 
a result, water supplies and land conditions worsened drastically, affecting crop productivity. 
Introduction of market mechanisms into the agricultural sector (privatization, restructuring 
large state farms and collective farms into hundreds and even thousands of small private 
farms) was not accompanied by reestablishment infrastructure appropriate for commodity 
production. As a result, problems have arisen in servicing new private farmers and in 
procuring agricultural inputs. 
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Crop Production

Production of major agricultural products such as wheat, to ensure minimal food security in 
Central Asia strongly depends on available croplands and there are widely different growing 
conditions across the region (Table 2). Kazakhstan has a huge land area where wheat grows 
on dry land and is the main exporter of wheat; Uzbekistan and Turkmenistan possess enough 
irrigated area that they could produce sufficient amounts of cereals for their people for a short 
period. Difficulties with production of sufficient cereals remain in Kyrgyzstan and Tajikistan 
which have the lowest irrigated areas (Table 3) and Tajikistan annually imports up to 700,000 
tons of cereals (Yokubzod, 2011). The production levels of vegetables and meat are similar to 
consumption levels in all countries, but all have a deficit in oil and sugar (Yokubzod, 2011). 

The food security situation in Tajikistan is the worst in the region (Table 1) in large part 
due to a series of natural disasters that plagued the country in 2007-2008. According to 
the FAO Food Security Indicators, the proportion of the population in Tajikistan that is 
undernourished reached 30% in 2007 and more recently Fumagalli (2008) reported that in 
the spring of 2008, 1.68 million people in rural areas were food insecure (34% of the rural 
population) and of those, 11% were severely food insecure. The situation in urban areas was 
similar: 33% of urban population was food insecure of which 15% had a severe deficit.

Table 2: Wheat, milk and meat production in 2005-2007 (and compared to 2000-2002)

Wheat Milk Cattle Meat

1000 MT

Kazakhstan 13 709 (3.5%) 4874 (4.6%) 2432 (3.4%)

Kyrgyzstan 833 (-6%) 1173 (1.1%) 92 (-2%)

Tajikistan --- 507 (7.7%) 29 (14.5%)

Turkmenistan 2931 (8.4%) 1466 (3.8%) 101 (4.4%)

Uzbekistan 6118 (8.2%) 4777 (5.7%) 540 (5.7%)
Data from FAO (2011)

Table 3: Total, cultivated and irrigated areas of Central Asia

Total Area1

(1000 ha)
(2008)3

Cultivated Area1

(1000 ha)
(2008)

Actual Irrigated 
Area2 (1000 ha)

(2008)

% Total Actual 
Renewable 

Water Resources 
Withdrawn by 

Agriculture1

Kazakhstan 272 490 22 800 716 26 F (2002)

Kyrgyzstan 19 995 1353 408 41  (1997)

Tajikistan 14 255 871 799 69 F (2002)

Turkmenistan 48 810 1918 2,179 97 F (2002)

Uzbekistan 44 740 4620 4,392 107 F (2002)

1. Data from FAO Aquastat. 2. Data from Dukhovny and Stulina (2011). 3. Number in brackets is the date that data were 
obtained or estimated. F: FAO estimate.
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Water Resources in Central Asia

Having established that irrigated agriculture is critical for food production, employment 
and livelihoods in Central Asia, understanding the complex geographic, historic and socio-
political influences on the use of water resources is critical to future planning for food security 
in the region. 

Two major rivers, the Amu Darya and Syr Darya are used for the irrigation of over eight 
million hectares in the five Central Asian countries. The Syr Darya is formed by the 
confluence of two major tributaries, the Naryn and Karadarya Rivers, has a length of 2200 
km and a mean annual discharge of 37 billion cubic meters (BCM) with a range of 21 BCM 
to 54 BCM (Sharma et al. 2004). It originates in the Tien Shan Mountains of the Kyrgyz 
Republic, and passes through Tajikistan, Uzbekistan and South Khazakhstan to the Aral Sea. 
The Amu Darya is formed by the joining of the Vaksh River originating on the Kyrgyz side 
of the Pamir Mountains and flowing through Tajikistan and the Pandidj River originating 
in Afghanistan. The Amu Darya has a length of 2450 km, a mean annual discharge of 78.5 
billion cubic meters (range of 47 BCM to 108 BCM) and passes through Afghanistan, 
Tajikistan, Uzbekistan, and Turkmenistan before reaching the Aral Sea (Sharma et al. 2004). 

Irrigated agriculture uses roughly 100% of the total renewable water resources in Uzbekistan 
and Turkmenistan, 70% in Tajikistan and considerably less in Kazakhstan and Kyrgyzstan 
(Table 3). According to CAWATER info (2011) 79.7% of the water resources in the Syr 
Darya and Amu Darya in 1990 and 85.9% in 2009 were used for irrigation.

Water for Hydropower vs. Irrigation

After the creation of five independent Central Asian States in 1991, 18 rivers that used to 
be part of one country became shared between the five new countries and/or with other 
neighboring countries (Weinthal, 2006). Tajikistan, Kyrgyzstan, Kazakhstan, Turkmenistan, 
and Uzbekistan inherited an interconnected and sophisticated hydraulic infrastructure system 
from the Soviet era that was based upon the construction of large dams and water reservoirs 
in the mountainous areas of upstream countries (Tajikistan and Kyrgyzstan) and extensive 
irrigation infrastructure in the lowlands of Uzbekistan, Kazakhstan, and Turkmenistan to 
enable the production of cotton, fodder, wheat, fruits and vegetables. During Soviet rule, 
the diversion of water for irrigation from the Syr Darya River was so extensive (around 30 
BCM) that in dry years irrigation needs were greater than the total flow in the river (Sharma 
et al. 2004). This necessitated the construction of a multi-year storage reservoir in the Kyrgyz 
Republic on the Naryn River to store water in wet years, and release it during dry years to 
provide irrigation water for cultivation. This reservoir, the Toktogul, was also provided with 
hydroelectric generating sets for producing electricity when water was being released but it 
was operated in an irrigation regime with nearly 75% of the annual releases occurring in the 
growing season and only 25% in the dormant or winter months. 

Since the early 1990s however, demands for hydropower have risen substantially and 
reservoirs equipped to produce hydroelectricity have changed their operating regimes. This 
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has resulted in reduced water availability for irrigated agriculture in the middle and lower 
reaches of Amu Darya and Syr Darya in some dry years (Sorokin, 2011). The Toktogul 
reservoir, for example, is operated to store water during the growing season and release it 
during the winter when demand for electricity is high (Figure 2). As a result, droughts in 
2007 and 2008 created a catastrophic situation with water availability in the Syr Darya 
River Basin because prior to the growing season there was insufficient water in the Toktogul 
Reservoir for irrigation of cropland. The reason for this shift is very clear: commercialization 
of hydropower and the growth in energy prices caused the increase in winter water release for 
power as opposed to meeting irrigation requirements in the summer. The financial benefits 
from energy production were increased by USD 30 million and caused losses to irrigated 
agriculture of USD 120 million (Dukhovny and Stulina, 2011).

Water storage and distribution infrastructure, much of it constructed over 50 years ago is 
aging and in need of repair. Due to the naturally high turbidity of the watercourses, reservoir 
sedimentation is an acute issue in Central Asia. In Uzbekistan, for example, total volume 
capacities of major reservoirs have decreased by about 20%. The direct loss of reservoir 
volume capacity leads to a reduced regulated capacity to combat water flow deviations during 
periods of drought or flooding. 

Irrigation of Cropland

Traditional irrigation in Central Asia is surface or furrow irrigation which is known to 
have considerable freshwater losses but is popular because of its low cost and technology 
requirements. Average water use declined from11740 m3/ha in 1990 to 9830 m3/ha in 2009 
(CAWATER info, 2011), but less than 50% of this is effectively used. The remaining part 

Figure 2. Average volumes of water released from the Toktogul Reservoir 
during 1982 to 1990 and 1994 to 2007
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is lost, most of it on the unlined on-farm and inters farm canals (Sharma et al. 2004). If 
cropland is inadequately levelled, irrigation water is heterogeneously distributed on the field, 
which can reduce yield by 25–30% compared to potential yields. With furrows of 250–
400 m or more in length, high percolation rates, high groundwater levels, soil salinity and 
water logging become common. According to data from the Scientific Information Centre, 
Interstate Commission for Water Coordination of Central Asia (SIC ICWC), common 
agrarian productivity  has decreased significantly over the last 20 years – from 14300 to 
12900 million USD in 2009 including on irrigated lands from 7820 to 7070 million USD 
(CAWATER info, 2011). 

The intensification of irrigated agriculture in the region has also resulted in increased 
salinization of the drainage waters due to agricultural chemical contamination. The drainage 
water, mainly discharged into the Syr Darya and Amu Darya is diverted to croplands 
downstream and the saline water is recycled and contaminated further. Secondary soil 
salinization in the Ferghana Valley is widespread and increasing as the groundwater table 
rises to within 1 to 5m of the soil surface, due to heavy leaching and old, poorly functioning 
drainage systems (EC-IFAS, 1999). Due to salinization, irrigated lands continue to have 
diminished productivity, particularly in high saline areas although the degree of salinization 
has been reduced at whole. 

The cost of putting new land under irrigation has increased dramatically over the past few 
decades. In the 1980s, developing irrigation infrastructure cost USD 3000-8000/ha but 
today it ranges from USD12,000-18,000/ha requiring significant investment on the part of 
the farmer and water user association.

PrinciPLE FActorS oF Food dEMAnd And AVAiLABiLity in 
cEntrAL ASiA

Sustainable food security of each country and the Central Asian region as a whole depend 
on major factors that should reflect a common principal: long-term balance between  
food demand and food availability that needs to be achieved at each stage of future 
development. 

Food Demand

Population Growth: Growth rates are low in the two most populous countries of the region 
(Table 1) but nevertheless by the 2025 the population is expected to be between 71 and 96 
million (Dukhovny and Stulina, 2009). Rapid population growth in rural areas has led to the 
most productive regions (Ferghana, Zerafshan, Khorezm, and Gissar Valleys) experiencing 
average population increases of 1.5% per year during past years, equalling population densities 
of 300-500 per square km (UNDP, 2005). Due to high unemployment and meagre salaries, 
there has been a recent migration of about 2 million people, mostly from Kyrgyzstan and 
Tajikistan, to find jobs in Kazakhstan and Russia. Such migration has created two positive 
features for food security by reducing demand for food and increasing the financial capacity 
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of the population. This is particularly important in Tajikistan where, prior to the financial 
crisis in 2008, the transfer money from migrant workers was close to 50% of GDP (World 
Bank, 2010). It has now dropped to about 30%.

Diet: The western definition of a food basket with a prevalence of livestock products is very 
different from the traditional Central Asian basket as the latter demands less water and 
land to produce. Deciding which food basket or diet to promote is very important from 
the point of view of population health, water conservation and the state economy. Dietary 
energy supply has increased in all of the Central Asian countries over the last 20 years and 
varies from a low of 2130 kcal/person/day in Tajikistan to a high of 3360 kcal/person/
day in Kazakhstan (FAO, 2011). Of the major food commodities consumed, wheat flour 
consistently accounts for about half of the calories (compared to 17% in Canada) although 
meat and dairy consumption have increased dramatically over the last century (Dukhovny 
and Stulina, 2011). 

Degree of self sufficiency of population: Self sufficient food production depends on the 
promotion by state and local authorities of homestead plots sometimes limited to 0.06 
ha/family in densely populated areas in Kyrgyzstan, Tajikistan, Uzbekistan, and up to 
0.5ha in Turkmenistan, organization of special garden plots for the urban population 
outside of the cities; and permission and ability to keep livestock, sheep, goats, chicken 
etc. Self-sufficiency of the rural population for food is significant in Central Asia. 
Dukhovny and Stulina (2011) report that the portion of food from private home plots is  
50% in Kazakhstan and Kyrgyzstan, 42% in Turkmenistan, 36% in Uzbekistan and 23% 
in Tajikistan.

Food Availability

Like food demand, factors of food availability depend heavily on government policies 
especially with regards to lands, water and investment.

Land: includes land ownership, rent and property; size of farms (0.4-2 ha in Kyrgyzstan; 
5-30 ha in Kazakhstan and Tajikistan; 3-150 ha in Uzbekistan and a very broad range in 
Turkmenistan), forms of cooperation; planning of crop patterns (strict state regulations 
in Tajikistan, Turkmenistan and Uzbekistan), system of land registration and its ability to 
change and sell, protection of lands and pasture; state organization (or support) of extension 
services and agrarian education.

Water: includes water policy, support and development of irrigation, allocation responsibilities 
between the government and the public-private sector (Water User Associations) for water 
supply and operation of irrigation networks; water conservation; support and attention to 
water stability; support and responsibility for reclamation works.

Investment: includes subsidies, tax for lands; payment for water; sponsorship of water 
management organizations and part reclamation of lands, donor involvement and privilege 
for promotion of effective use of water and lands. 
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Climate Change: The natural water deficit makes the region susceptible to climate change.All 
scenarios predict an increase in temperature with a resulting growth of water consumption 
by at least 10-15 % in the region. By 2050 volume of water resources will probably be 
reduced for the Amu Darya by 10-15% and the Syr Darya by 2-5% (Stulina, 2009). The 
frequency of dry year occurrence was 4.25 years from 1945-1965 but increased to 3 years 
from 1980 to 2004.

The probability of experiencing wet and dry years (25 % and 75 % respectively) and extreme 
years (10% and 90 %) has increased 1. 4 and 2 times (Dukhovny and Stulina, 2011). Glacier 
melting will also be accelerated by the forecast increase in temperature change. Glaciers 
and permanent snowfields that supply the region’s surface water are already shrinking. For 
example, the Pamir-Alai glacier which feeds into the Amu Darya lost 10% of its ice area 
(11% of its volume) between 1960 and 1980 (INSTAAR, 1998).

Although climate change will result in a longer growing season and therefore increased 
potential for crop productivity, achievement of this positive forcast is possible only under 
effective agronomic practices, and the availablility of all necessary inputs including water. 
The forecast increment of days with high temperatures may lead to plant stress under low 
water availability. Yield losses could be 9-15% cotton and cereals, 10-20% for rice, 10-50% 
for vegetables, melons and gourds (Stulina, 2009).

incrEASinG Food Production tHrouGH incrEASEd croP yiELdS 
And BEttEr WAtEr MAnAGEMEnt

Future increases in cultivated areas are limited by a lack of good lands in some areas, a 
common scarcity of water and a large net cost of new irrigated construction and development. 
The focus of attention should be on increasing yields and productivity and reducing the 
difference between actual and potential land productivity. Actual yields of cereals, vegetables 
and fruits are often less than half their potential yields (Dukhovny and Stulina, 2011). 
More efficient use of fertilizer, higher yielding crop varieties that are nutritious and drought 
resistant, improved land management, soil fertility and cropping techniques as well as better 
access to information, credit and insurance for producers, extension services and technical 
skills all have a role to place in raising food production. Central to all these however, is the 
establishment of irrigation infrastructure and water management that will deliver a reliable 
water supply to the farmer. Current water deliveries to irrigated areas often deviate from 
schedules and the unreliability of water supply results in crop and livelihood losses as well as 
a reluctance to invest further in agriculture.

Development of improved irrigation technologies, Integrated Water Resource Management 
(IWRM) within irrigated areas to improve water resources management, water governance 
at the basin level to strengthen collaboration between states for the creation of a guaranteed 
regime of water delivery, and the establishment of a strong state policy oriented towards 
food security are key to providing Central Asia with the means to ensure the well-being of 
its people.

WAtEr MAnAGEMEnt And Food SEcurity in cEntrAL ASiA
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Improved Irrigation Technologies

The improvement of on-farm irrigation systems and the introduction of low cost water 
saving irrigation technologies are key components to reduce agricultural water demand. 
Increasing water use efficiency (WUE), defined as the amount of plant material produced 
per unit of water transpired, is a way for arid and semi-arid areas to increase their agricultural 
production. Work by McGill University and SIC ICWC in the Ferghana Valley of Uzbekistan 
(Webber et al. 2006) showed that alternate furrow irrigation and deficit irrigation practices 
can reduce irrigation water requirements and increase water use efficiency. Consistent water 
savings of close to 25% were realised with alternate furrow irrigation over conventional 
furrow irrigation. When used in combination with deficit irrigation scheduling, water 
savings were as large as 50% as compared to the recommended irrigation volumes, with no 
yield reductions. However, the success of these technologies depended largely on the ability 
of the crop to withstand and/or adapt to water stress. Green gram’s water use efficiency was 
twice that of common bean. When less water was applied to green gram, WUE doubled 
as compared to the recommended irrigation amounts. Further work testing the tolerance 
of these crops to high levels of gypsum salts common to the region showed that acceptable 
yields were attained at the highest level of salinization (ECe of 7.4 dSm_1) (Webber et al. 
2009). This research suggests that growing legumes as a second crop after the winter wheat 
harvest is a means of increasing rural food security and improving land fertility. 

Integrated Water Resource Management (IWRM)

IWRM promotes the collaboration of all organizations involved in water resources 
management (including surface, ground and return waters) across sectors including irrigated 
agriculture, hydropower, drinking water and industrial users, and between the hierarchical 
levels of water governance including basin, sub-basin, irrigation system, water user 
associations with the farm as the end-user. Sector interests must be reconciled to enable joint 
use of shared water resources in accordance with agreed schedules and to allow one sector 
to use the wastewater of others. Situations where each water management organization in 
the hierarchy develops its own approach that may disagree with the ultimate IWRM goal of 
getting maximum water efficiency for the area must be eliminated. Problems are often due to 
poor management quality rather than water deficits. Conflict resolution mechanisms must 
be developed to deal with conflicting interests. 

IWRM has the potential to lead to equitable, sustainable, and guaranteed water availability 
resulting in reduced production losses due to disrupted water supply schedule. It creates 
an environment that attracts internal and external investments which favours an increase 
in employment and income growth. For example, the national income of the Kazalinsk 
and Aral regions of the Kzylorda oblast in Kazakhstan nearly doubled during 2002-2006 
due to sustainable use of the Syr Darya delta water (Sokolov, 2011). IWRM creates a 
sustainable drinking water supply and improves water quality in rivers and other sources, 
and contributes to better health of the population. By recognizing the principal role of 
water for ecosystems and ensuring water release for natural demands, IWRM promotes the 
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recovery and protection of the environment. IWRM also enables the coordinated use of 
water energy to increase hydropower production, which furthers a stable power supply to the 
population during peak periods. Public participation, information exchange, openness and 
transparency of the water resources management system are also integral parts of IWRM, 
not only in the water management process, but also in financing, planning, maintaining and 
developing water infrastructure.

IWRM is moving forward in Central Asia. In the Ferghana Valley, a very important area 
for crop production, the conception of IWRM was coordinated and approved by all water 
authorities in Uzbekistan, Kyrgyzstan, and Tajikistan in May 2003 (Dukhovny and Stulina, 
2011). It is not an easy task to provide guaranteed and equitable water distribution over an 
entire irrigation system but when water of sufficient quality is delivered in line with planned 
amounts, increases in productivity of water and land resources may be expected. Water users 
participated with more precise specifications of command areas for each irrigation canal, 
assessment of their water demands, and accounting for additional available water sources 
(groundwater, return water). Adjusting water supply, rotation and use depending on weather 
and economic conditions, as well as improving hydraulic measurements and record-keeping 
at all levels of the water management system, were also their responsibility. To tackle issues 
as they arose, it was necessary to establish extension services that assisted water users in 
the introduction of new technologies, advanced practice of planning and production, and 
solving water distribution problems. 

The project rendered technical assistance in inspections and additional equipping of flow-
measuring structures on pilot irrigation canals (an enormous program was implemented to 
establish water-metering systems within pilot WUAs). This activity allowed the establishment 
of proper water record-keeping on the pilot canals and within WUAs, making the water 
distribution process more transparent. The project started real-time management of the water 
delivery process on pilot irrigation canals and within pilot WUAs in the form of monitoring 
and updating the planned water supply schedule based on water user applications taking into 
account weather conditions during a growing season. This is the first step towards equitable 
and rightful water distribution and, at the same time, an attempt to reduce unproductive 
water losses.

Introducing IWRM in the Ferghana Valley has shown that the involvement of water users 
at the community level allowed considerable improvement in the efficiency of water use and 
reduced water withdrawals by more than 25% (Figure 3). Crop yields also increased between 
18 and 64% (Dukhovny and Stulina, 2009).

Water Governance

Sustainability of water supplies starts at the level of transboundary water management as it is 
impossible to speak about sustainability if upstream riparian organizations regularly change the 
regime of water releases from the reservoirs located on their territories. Transboundary water 
resources management is therefore critical to the establishment and proper operation of basin 
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organizations. An ongoing project of the United Nations Economic Commission for Europe 
(UNECE) “Regional Dialogue and Cooperation on Water Resources Management” aims to 
empower the countries of Central Asia to develop and implement mutually acceptable, long-
term solutions to improve cooperation on transboundary water resources. This will be done 
by enhancing the regional dialogue and strengthening the capacity of regional institutions 
for water resources management (UNECE 2010). Rules to establish basin organizations 
depending on their objectives and fields of activity and procedures of arbitrage, evaluation of 
damages and their compensation, implemented by basin organizations need to be developed. 
Procedures for adjusting national quotas, physical infrastructure and agreed upon procedures 
for multi-year regulation of river runoff and its control; participatory water resources 
management; mechanisms for supporting sustainable operation of local water organizations 
are all part of creating a sustainable water supply for food security in Central Asia.

State Policies

The agricultural and water strategy of the state should be a framework to support the 
efficiency of IWRM and simultaneously promote the growth of food production. In 2003, 
cooperative farms yielded 20-100% more than private farms (Dukhovny and Stulina, 2011). 
Conditions for the development of private initiatives need to be created in order for the 
farmer to develop a long-term commitment to improving production through the input of 
his own skills. A financial system that links farmers, WUAs, processing and marketing and 
will support the stability and provide insurance for farmers and their partners needs to be 
established. Strong state planning in Tajikistan, Turkmenistan, and Uzbekistan needs to be 
reduced to no more than 50 % of lands and farmers allowed to freely select crops to be grown 
and traded.

Figure 3. Reducing the water diversion into the South Ferghana Canal due 
to introduction of IWRM (Dukhovny and Stulina, 2009)



105

introduction

Achievement of food security is promoted also by regional differentiation of agricultural 
production. There is a need for close and stable long-term economic integration of the 
countries in the region, based on trust for one another. For example, on the basis of a regional 
Food Agreement, Kazakhstan could supply needy countries with wheat, milk and meat, and 
Tajikistan with fruits, vegetables, water and electricity (Yokubzod, 2011).

concLuSionS

As populations rise and diets shift to include more meat and dairy products, crop production 
must increase to meet food demands. Food security in the five countries of Central Asia is 
strongly linked to the availability of water resources. More efficient use of fertilizer, higher 
yielding and resilient crop varieties, improved land management and cropping techniques 
as well as better extension services for those involved in the agricultural sector are all part 
of the solution to securing food supply for the region. All these factors however, depend on 
a reliable, high quality source of water. Integrated water resource management at the basin 
level and transboundary governance are both critical to sharing water resources between 
and within countries to achieve the most effective and efficient use of water for all sectors. 
IWRM and simple changes to irrigation methodologies introduced in the Ferghana Valley 
demonstrated that not only could water use be reduced but yields increased. State policies 
that provide a framework for increasing agricultural production and farmer incomes through 
improvements to land ownership, farm size, extension services, development of a financial 
support system and infrastructure appropriate for commodity production, and establishing 
a stable water supply are critical to food security in the region.
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10. WAtEr And Food SEcurity  
in SoutHErn AFricA

 Aidan Senzanje*

ABStrAct

In the less developed countries, there is an inextricable link between water and food security. 
This is primarily because the bulk of the economies in these countries are agro-based, 
the majority of the population derives their livelihood from agriculture and agriculture 
depends entirely on the availability and access to water, be it rainfall or irrigation. This 
chapter presents an overview of water and food security issues in Southern Africa (South 
Africa, Lesotho, Swaziland, Mozambique, Malawi, Zambia, Zimbabwe, Botswana, and 
Namibia) with an emphasis on water management. Rainfall in the Southern African region 
is variable and unpredictable between and within years, and economic development and 
agricultural growth are closely linked to rainfall during the growing seasons. All countries 
in Southern Africa suffer from some form of water stress: either physical or economic. 
As agriculture withdraws the highest proportion of freshwater resources in the region, 
efforts should be directed towards better management of agricultural water and increasing 
water productivity.  Typical practices would include making better use of green water, 
micro-agricultural water management, increasing water productivity through managing 
hydro-climatic deficiencies and maximizing plant water-uptake capacity, and increasing 
agricultural resilience.

WAtEr And Food SEcurity in SoutHErn AFricA

* Senior Lecturer, Bioresources Engineering & Environmental Hydrology, University of KwaZulu Natal, 
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In the less developed countries, there is an inextricable link between water and food security. 
This is primarily because the bulk of the economies in these countries are agro-based, with the 
majority (almost 55%) of the population deriving their livelihood from agriculture (IFAD, 
2010).  Agriculture depends entirely on the availability of, and access to, water be it rainfall 
or irrigation. Whenever there is crop failure there is food insecurity due first to the inability 
to produce enough food and second, to the lack of financial resources to procure food from 
elsewhere.  It would thus naturally follow that in order to improve food security in developing 
countries, it is important to pay attention to sustainable agricultural development through, 
among several other factors, better agricultural water management.  Although many argue 
that agriculture is not the only answer to improving developing economies, reality on the 
ground has always shown that the transformation of an agrarian economy, where a large 
proportion of the population depends on agriculture, to an industrial economy is neither 
easy nor rapid.

In sub-Saharan Africa hunger affects 30% of the population and there are over 204 million 
malnourished people, including 33 million children (Merrey and Sally, 2006). It is the 
only region in the world where hunger is increasing.  An estimated 40% of people in sub-
Saharan Africa live below the poverty datum line and both income and human poverty are 
increasing (UNEP, 2002).  In this sub-Saharan region, Southern Africa has seen a decrease in 
per capita caloric intake and an increased incidence of chronic and seasonal hunger.  Among 
the several causative factors cited for the failure of the region to attain the important MDG 
1 (eradicating extreme poverty and hunger by 2015 (UNDP, 2010)) is the impact of climate 
change manifested in recurrent droughts and floods.  These reduce agricultural production 
which in turn affects economic development and food production leading to food insecurity.  
These challenging times call for concerted efforts to improve agricultural production. This 
paper presents an overview of water and food security issues in Southern Africa with an 
emphasis on water management.  Southern Africa includes South Africa, Lesotho, Swaziland, 
Mozambique, Malawi, Zambia, Zimbabwe, Botswana, and Namibia.

PoPuLAtion, EconoMy And AGricuLturE oF SoutHErn AFricA

The Southern African countries under discussion have a combined population of about 119 
million (Table 1) with an average population growth rate of 1.43%.  The total GDP of the 
region is USD237 billion and is dominated by agriculture (Table 1) with the exception 
of Botswana and South Africa.  Large shares of the GDP come from primary sectors of 
production such as agriculture and mining.  Most Southern African countries, with the 
exception of South Africa, have small manufacturing sectors.

Despite the relatively high aggregate GDP, conditions vary between countries, especially 
with regard to social and economic growth. The region’s average level of per capita income 
(as measured by the Gross National Income, GNI) is less than USD500 for most countries 
except South Africa (USD2820) and Botswana (USD3100) (SADC, 2008). The widespread 
poverty in Southern Africa has been exacerbated in recent years by extreme floods and 
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droughts that have caused serious food shortages and food insecurity (SADC, 2008).  Three 
countries in the Southern African region are in the 15 highest risk countries as measured by 
the Food Security Score (FSI).  Zimbabwe is ranked number 1 (FSI = 0.80), Malawi is 6 
(0.95) and Zambia is 15 (1.30).  The Global Hunger Index (GHI), an indicator of a country’s 
hunger situation (IFPRI, 2010), varies in the region from moderate (South Africa) through 
serious (Botswana, Lesotho, Malawi, Namibia and Swaziland) to alarming (Mozambique, 
Zambia and Zimbabwe).

Table 1: Population and GDP for Southern African countries

Country Population
(million)

Population 
Growth Rate (%)

Gross Domestic 
Product

(USD billion)

Agriculture Sector 
Contribution to 

GDP (%)

Botswana 1.9 1.94 8.7 1.6

Lesotho 2.1 0.12 1.4 7.1

Malawi 15.9 2.76 1.9 30.1

Mozambique 21.7 1.79 5.5 23.4

Namibia 2.1 0.95 5.5 9.6

South Africa 49.9 0.92 201.4 3

Swaziland 1.4 1.2 2.4 8.6

Zambia 11.9 1.63 5.4 16.7

Zimbabwe 12 1.53 4.7 18.1

Total 118.87 1.43 236.9 -

Source: SADC Trade, 2006; CIA World Factbook, 2010

Agricultural activities in the region include both commercial and subsistence farming. 
Livestock, cash and subsistence crops are produced in the region (Table 2).

Table 2: Major agricultural products in Southern Africa (by tonnage and value)

Country Major Agricultural Products

Botswana Cattle (meat), milk, game (meat), small grain

Lesotho Potatoes, milk, game (meat), wool, maize

Malawi Potatoes, tobacco, maize, cassava

Mozambique Cassava, cotton, maize, tobacco, sugar cane

Namibia Cattle, roots & tubers, milk

South Africa Meat, chicken, maize, grapes, sugar cane

Swaziland Sugar cane, cattle (meat), milk

Zambia Maize, cattle (meat), tobacco, cotton

Zimbabwe Cattle (meat), tobacco, cotton, sugar cane

Source: FAO, 2010

WAtEr And Food SEcurity in SoutHErn AFricA
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rAinFALL And EconoMic dEVELoPMEnt

Climate has a significant impact on the economies of developing countries where agriculture 
contributes a significant share to the GDP.  Like the rest of sub-Saharan Africa, rainfall in the 
Southern Africa region is characterized by both variability and unpredictability, between and 
within years.  Rainfall deficits are exacerbated by soils with low moisture holding capacity, 
high evaporative demand and limited irrigation development (Barrios et al. 2008).  For 
developing countries, rainfall can be an accurate indicator of a country’s GDP growth and it 
has been shown that the highest total and agricultural GDP growth rates occur during years 
with average or slightly above average rainfall (Ludwig et al., 2009). During years of below 
average rainfall, growth is severely reduced and generally the drier the year, the lower the 
GDP growth rate (Ludwig et al., 2009). In sub-Saharan Africa, rainfall variability contributes 
to reduced economic productivity and increased poverty (Brown et al. 2010). A World Bank 
study (WB, 2006) showed an extremely high dependence of Ethiopia’s economy on rainfall 
variations and in Mozambique, water related shocks depress the country’s GDP by more 
than one percentage point each year (AIKP, 2011).  In Zambia, rainfall variability lowers the 
country’s agricultural growth by one percentage point each year and will cost the country 
USD4.3 billion in lost GDP over 10 years (AIKP, 2011).  Rainfall variability contributes to 
risk aversion by farmers (i.e., farmers invest less) resulting in agricultural investments that 
are less profitable which in turn lowers agricultural production.  It is evident that climate has 
significant effects on household income, agricultural productivity and economic growth in 
sub-Saharan Africa (Brown et al., 2010).

tHE Link BEtWEEn WAtEr And Food SEcurity

Many factors affect food security issues in Southern Africa including both bio-physical and 
socio-political issues affecting both production (supply) and consumption (demand).  The 
link between water and food security can be presented in several ways, but for the southern 
Africa region it can be shown that factors influencing water availability and agriculture also 
directly affect food security.

Typical of developing economies, agriculture withdraws the highest proportion of 
freshwater resources (upward of 75% on average) in the southern Africa region.  Freshwater 
withdrawals by agriculture dominate total withdrawals in Malawi, Mozambique, 
Swaziland, Zambia and Zimbabwe (Table 3).  In Namibia and South Africa agricultural 
withdrawals are dominant but are coupled with significant domestic use. For example 
in South Africa, the freshwater withdrawals are as follows: agriculture 62%, urban 23%, 
rural 4%, mining 6%, power generation 2% and afforestation 3%.   The amount of fresh 
water consumed by agriculture ranges anywhere from 2000 to 24 000 m3/ha/yr (WRI, 
2000; FAO, 2010).
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Table 3: Renewable water resources and withdrawals by agriculture in Southern Africa

Country Total Renewable 
Water Resources

(km3)

Total Freshwater 
Withdrawals

(km3/yr)

Freshwater 
Withdrawals by 

Agriculture (km3/yr)

Freshwater 
Withdrawals by 
Agriculture (%)

Botswana 12.24 0.3 0.08 26.7

Lesotho 3.02 0.05 0.01 20

Malawi 17.28 0.97 0.81 83.5

Mozambique 217.1 0.74 0.55 74.3

Namibia 17.72 0.3 0.21 70

South Africa 50 12.5 7.84 62.7

Swaziland 4.51 1.04 1.01 97.1

Zambia 105.2 1.74 1.32 75.9

Zimbabwe 20 4.21 3.32 78.9

Total 447.1 21.85 15.15 -

Source: FAO Aquastat, 2010; CIA World Factbook, 2010

Since agriculture is dependent on water (rainfall and irrigation), if there are water shortages, 
for example, a drier season than normal, the agricultural sector in the Southern African 
countries underperforms (i.e., low agricultural production of key crops).  This makes 
Southern African countries particularly vulnerable to food security shortages as a result of 
any factor that affects agriculture.  As an example, in many of the region’s rainfed systems, 
cereal yields average 0.5 t/ha against a potential of 3 to 5 t/ha (Rockström, 2003), due to low 
production potential, sub-optimal agricultural water management, and low investments in 
intensive agriculture.  In sub-Saharan Africa, rainfed agriculture is practiced on 95% of the 
land, and 60% of the population depends on rain-based economies.  Although the average 
annual growth rate of population has now declined to 2.2%, for 20 years the population 
of sub-Saharan Africa increased at a rate of between 2.3% and 3.8% (UNFPA, 2007) and 
demand for food continues to outstrip production from traditional rainfed systems by 
several fold. 

Only 5% of the world’s total irrigated area of 275 million ha is in Africa and there is 
great disparity in irrigation development within Africa.  For example, 5 countries (Egypt, 
Sudan, South Africa, Morocco and Madagascar) cover 19% of the land area and hold 60% 
of the irrigated area, while 28 countries covering more than 30% of Africa’s land area hold 
a mere 5% of the irrigated area.  Very few countries in sub-Saharan Africa have developed 
the bulk of their irrigation potential.  In Southern Africa, only South Africa has fully 
developed all its potential irrigable area while Mozambique, for example, has developed 
only 4% (Table 4).  The lack of irrigated agricultural production coupled with erratic 
rainfall and suboptimal production strategies under rainfed agriculture results in a high 
risk of food insecurity in the region.

WAtEr And Food SEcurity in SoutHErn AFricA
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Table 4: Cultivated and irrigated area in Southern Africa

Country Cultivated Area
(1000 ha)

Irrigated Area
(1000 ha)

Irrigated Area 
as Proportion of 

Cultivated Area (%)

Irrigated Area 
as Proportion of 

Potential Irrigable 
Area (%)

Botswana 252 1.44 0.59 11

Lesotho 359 2.64 0.87 21

Malawi 3622 56.39 1.9 35

Mozambique 4750 118.12 2.51 4

Namibia 808 7.57 0.92 16

South Africa 15450 1498 9.53 100

Swaziland 192 49.84 25.96 53

Zambia 2384 155.91 7.71 30

Zimbabwe 3850 173.51 5.1 47

Total 31667 2063.42

Source: FAO Aquastat, 2010

On the supply side of the food security equation there are several factors related to water 
that are driving the food shortage problem.  These include factors limiting or reducing the 
amount of water available to agriculture for food production such as climate change, a shift 
to bio-fuel production, a decrease in production of key cereals, a need for the provision 
of environmental water, water quality deterioration, and increasing demand for water 
from other sectors like domestic and industry.  On the demand side another set of factors 
increase food requirements including, increasing population, shifts in peoples’ diets, and 
urbanization. Some of these factors are discussed in the following sections, especially where 
they relate to water and food security.

WAtEr iSSuES in SoutHErn AFricA

A large number of countries in sub-Saharan Africa experience significant water stress due 
to insufficient and unreliable rainfall, and changing rainfall patterns (ODI, 2009) leading 
to extreme events like droughts and floods.  In Africa, approximately 200 million people 
(25% of the population) currently experience water stress (ODI, 2009).  Water scarcity has 
a direct impact on food production and economic activities in most of the countries in the 
region, with the possible exception of Botswana and South Africa whose economies also rely 
on mining and industry, respectively.  All countries in Southern Africa already suffer from 
some form of water stress: either physical or economic.  Physical water scarcity is defined 
as insufficient water resources to meet all current needs, and economic scarcity means 
investments required to keep up with a growing water demand are constrained by financial, 
human or institutional capacity.  South Africa suffers from physical water scarcity given 
that about two-thirds of the country has an arid to semi-arid climate with a mean annual 
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rainfall of 450 mm (Schulze, 1997) and experiences periodic droughts and floods.  The other 
Southern Africa countries experience economic water scarcity due to limited investments in 
water resources development.  For most countries in Southern Africa, freshwater availability 
is below 1700 m3 per capita/year (WRI, 2000) and water stress, as measured by the Water 
Stress Indicator (ratio of withdrawal to availability), ranges from low to very high. 

Water stress in Southern Africa is caused by many factors but some of the more important 
ones include climate change (and variability), increasing population and dietary shifts, rising 
water demand, land degradation and deteriorating water quality.  In South Africa, water is 
critical to socio-economic development.  The country’s economy is expected to grow overall 
by about 6% in the next few years and this growth will need to be supported by water. This 
increased demand will create competition for water resources among the various sectors in 
the country with agriculture, the largest user, under pressure to use water more efficiently.

Climate Change

Climate change is expected to exacerbate an already fragile situation regarding water in 
Southern Africa.  There will be major changes in rainfall events resulting in temporal and 
spatial shifts in the availability of water and increased likelihood of floods and droughts.  
Based on recent climate change modeling exercises for South Africa, it is anticipated that 
overall rainfall patterns will shift and areas like the Western Cape will experience less rainfall 
in the future compared to the past or present (Schulze, 2010).  There will likely be reduced 
runoff in such areas and increased irrigation demand in summer which will directly affect 
agricultural production in South Africa.  Reduced stream flows from reduced runoff will 
only serve to increase competition, and possibly conflict, between water users and water-
using sectors.  In eastern parts of the country, climate change is likely to result in increased 
rainfall and more runoff meaning more water will be available.  Although this is taken as a 
positive development, there is a risk that rains of varying intensity and distribution may lead 
to problems of flooding and severe erosion (Schulze, 2010).  Similar flooding scenarios are 
also envisaged for Mozambique and Namibia thus threatening food production in countries 
that are already vulnerable to food shortage problems.  River basins, such as the Limpopo 
that spans Zimbabwe, Botswana, South Africa and Mozambique, where the bulk of water 
is used for irrigation, are already considered closed (or almost closed) meaning there are no 
more water resources left to allocate.  Climate change will worsen this situation with negative 
effects on irrigated agriculture and rural livelihood activities.

Population Increase

As the population in the region increases and water resources remain finite or decrease, 
the amount of water available per capita decreases, creating conditions of water scarcity.  
Population growth in the sub Saharan region is one of the highest in the world and this 
increasing population will demand more water for rural livelihoods (where the bulk of the 
population resides) as well as for the production of adequate food supplies.  The link between 

WAtEr And Food SEcurity in SoutHErn AFricA
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population and water demand is almost exponential as illustrated by Rijsberman (2010); 
during the 20th century, the world population tripled but the associated total amount of 
water extracted for human use increased six fold.

Land Degradation

Land use changes leading to land degradation have both direct and indirect impacts on 
water resources availability.  Indirectly, changes in land use impact hydrologic processes thus 
affecting rainfall locally and regionally.  Deforestation generally results in reduced rainfall 
amounts overall.  Directly and in the short term, land use changes may result in increased 
runoff into rivers and reservoirs.  However, in the medium to long term, increased erosion 
results not only in reduced reservoir capacity and soil water holding capacity which limits 
water availability for all purposes including food production, it also reduces soil fertility.  
About 28% of South Africa’s land area is considered degraded affecting some 17 million 
people in the country.  In Swaziland almost 95% of the land is considered degraded 
(affecting 948,000 people), Zambia 60% (affecting 5.8 million people), Zimbabwe 46% 
(affecting 5.4 million people), Namibia 35% (affecting 671 000 people), Lesotho 34% 
(affecting 941,000 people), Mozambique 28% (affecting 5.2 million people) and Botswana 
about 16% (affecting 477,000 people) (Bai et al., 2008).  Land degradation reduces water 
productivity at field and landscape scales, and affects water availability, quality and storage 
(Bossio, et al., 2009).  Such degradation impacts the water available to agriculture for food 
production leading to food shortages.

Demand Management

Increasing demand for water, whether intentional or not, leads to problems of water scarcity 
in the southern Africa region.  For a long time, most water planners and managers in the 
region looked only at the supply side of water, i.e., building more reservoirs and exploiting 
groundwater.  There was, and probably is still, very little thought put into regulating demand 
management to ease pressure on water supplies, although it would be beneficial to most 
countries in the Southern Africa region.  South Africa has started to implement demand 
management of water and has a conservation (the minimization of loss or waste, care and 
protection of water resources and the efficient and effective use of water) and demand 
management (the adaptation and implementation of a strategy by water institutions to 
influence water demand and usage) (WC&DM) policy (DWAF, 2004).  South Africa puts 
forward the following principles in water conservation and demand management:

n social equity,

n environmental sustainability,

n economic efficiency.

Agriculture, as the largest water consumer, is at the centre of the WC & DM and is expected 
to institute water conservation through efficient management and use of water practices to 
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minimize losses and waste.  Agriculture is expected to adopt practices and measures (such as 
irrigation scheduling) that reduce water demand.  A reduction in agricultural water demand 
means the saved water can be released to other sectors in the economy of South Africa.

Dietary Shifts

The rate of urbanization ranges from 1.2% per annum for South Africa to 5.3% per annum 
for Malawi (CIA World Factbook, 2010), although the bulk of the population still remains 
rural based. As populations in the Southern Africa region become increasingly urbanized and 
move into the middle class social status, their diets change from predominantly cereal based 
to more meat (and fish) based.  The unintended consequence of this is an increase in water 
demand for food production. Meat-based diets require more water to produce compared to 
cereal-based diets.  As an example, one would require about 1.3 m3 of water to produce a kg 
of wheat, up to 16 m3 of water per kg beef, and 22 m3 of water per kg soybean oil.

Water Quality

Water quality deterioration arises from point source or diffuse pollution and affects water 
availability and suitability for given uses.  Sources of pollution are many and varied and 
include agricultural, mining, and industrial activities and urbanization.  Polluted water has 
limited uses and conditions for its use may be sufficiently stringent to render it unavailable.  
Unavailable water leads to conditions of water scarcity.  South Africa is currently facing very 
serious acid mine drainage water quality problems in the Gauteng region as a result of past 
mining activities that did not adequately take into account environmental considerations.  
All water that is currently affected by the acid mine drainage problem in South Africa is not 
available for any productive uses, and thus contributes to the problem of water scarcity in an 
already water stressed country.

Access and Equity

The availability of water for food production is also related to access and equity issues.  
Historically, in most Southern African countries, water access was based on the doctrine 
of water rights that were normally held in perpetuity and tied to land.  In countries with 
a long colonial legacy such as Namibia, South Africa and Zimbabwe, the bulk of the 
population had no access to productive water (they had access to water for primary use) 
simply because they were marginalized and had no access to productive land. This resulted 
in such populations being unable to undertake intensive agricultural production and caused 
them to be perpetually food insecure.  Even if there was adequate food in the country, their 
resource base was poor; they could not afford to procure food and therefore were dependent 
on food handouts from government or non-governmental organizations.  It is only recently 
that there have been reforms in the water sector in Southern Africa (Movik, 2009) as a result 
of the concept of Integrated Water Resources Management, resulting in the bulk of rural 
populations now being able to access water for productive uses.  South Africa’s water reforms 
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are particularly interesting because they include water allocation reforms whose main goal is 
to re-dress past imbalances in accessing and use of water, as well as trying to make sure that 
water use leads to economic growth, equity and job creation.  Accessing water is only the 
first part on the long road to productive use of water in agriculture and ensuring adequate 
food production.

Even though access may technically be improved through legislation, equity remains elusive 
and results in agricultural production shortcomings and food security problems.  Since water 
for food production needs to be tied to land, equity issues in water become compounded by 
land problems.  In developing countries, the nominal land holding size is less than 0.2 ha per 
capita.  In many countries in the Southern Africa region, equity issues in agriculture are still 
problematic given that in general the small scale rural farmer has a very small land holding 
with communal grazing compared to commercial farmers who tend to have large tracts of 
land with freehold title.  In South Africa, land resettlement and restitution programs are 
underway but they are trailing behind expected targets (transfer of about 30% of land from 
white commercial farmers to the historically disadvantaged individuals (HDI) by 2015).  
More needs to be done and done urgently.  Zimbabwe’s land reform is notorious for the 
way it was implemented and the consequences to both food production and the economy.  
Although in the long run the land reform is expected to improve agricultural production, in 
the short term it turned Zimbabwe from a food secure country to a food insecure country, 
and rendered the newly formed water institutions inoperative or non-functional.

Despite problems of water scarcity in Southern Africa, there is optimism that the food 
security situation in the region can be improved.  Some of the proposed initiatives are  
low cost and have the potential to significantly increase food production per unit of scarce 
water resources.

iMProVinG Food SEcurity in SoutHErn AFricA tHrouGH 
AGricuLturAL WAtEr MAnAGEMEnt

As previously discussed, the bulk of agriculture in the region is rainfed based.  Improvements 
to rainfed agricultural production have the potential to uplift the livelihoods and food 
security situation of a large proportion of the population.  Efforts should predominantly be 
directed towards better management of agricultural water and increasing water productivity.  
Agricultural water can either be blue or green and to some extent white water.  Blue water, 
the bulk of water used in irrigated agriculture, is found in rivers, reservoirs and lakes, and 
has tended to be the preserve of supply side oriented water planners and managers. Green 
agricultural water is stored in the soil and plants and forms the bulk of water used in rainfed 
agriculture.  Recent efforts aimed at improving water productivity in rainfed agriculture have 
focused on green water.  White water is generally taken to imply water that is in vapor form, 
in transpiration and vapor exchange processes in crop production.

In agricultural production, blue and green water are considered as a continuum from 
rainfed agriculture (green water) through to irrigated agriculture (blue water). Rainfed 



117

introduction

agricultural productivity is low compared to irrigated agriculture due to better water control 
in combination with other inputs such as inorganic fertilizers under irrigation (Figure 1). 
There is however, a greater of potential for improvement of rainfed production.

Any efforts towards improved agricultural water management for food security in Southern 
Africa have to deal with green and blue water. Several initiatives are available to improve 
agricultural productivity in the region including improved agricultural water management, 
increasing water productivity, and building resilience in agricultural systems.

Improved Agricultural Water Management

Agricultural water management (AWM) can be defined as those deliberate human actions 
designed to optimize the availability and utilization of water for agricultural purposes 
(IMAWESA, 2008). AWM involves all water inputs (rainfall as well as water supplied from 
surface and underground sources) used in agriculture (crops, tree crops and livestock) in 
the continuum from rainfed systems to irrigated agriculture. It includes agronomy, soil and 
water conservation, rainwater harvesting, irrigation and drainage.  It also extends to the 
development of water resources for agriculture in interventions such as integrated watershed 
management and all relevant aspects of land management.

Improved AWM strategies include micro-agricultural water management which consists of 
small-scale technologies and practices such as low-cost water lifting technologies (e.g. treadle 
pumps), low-cost water application technologies (e.g., drip irrigation kits), technologies 
to capture and store rainwater either in small reservoirs or in the root zone (rainwater 
harvesting), conservation tillage and other soil nutrient and water conservation technologies 

Figure 1. Green-blue water productivity continuum  
(Vidal et al. 2010)
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(Merrey and Sally, 2006).  These micro-technologies and practices help to increase water 
productivity and resilience of agricultural systems.

Regarding irrigation development it is argued that a high but feasible 3.6% annual increase 
in investments in irrigation would triple Africa’s irrigated area to markedly improve food supply 
and nutrition, stabilizing inflation in food prices and slashing cereal imports (AIKP, 2011).

Increasing Water Productivity

One of the greatest challenges facing the southern Africa region is to increase water 
productivity (more crop output per unit of water in both rainfed and irrigated systems) with 
direct benefits such as increased food production, increased returns, and improved rural 
livelihoods. Rainfed yields for cereals are in the range of 0.5 t/ha and there is tremendous 
scope to increase water productivity to attain the potential yields of 5 t/ha.  To be able to deal 
with hydro-climatic deficiencies such as mid season dry spells and seasonal droughts and to 
stabilize production, smallholder farmers should practice rainwater harvesting (RWH) and 
supplementary irrigation. (Wani et al., 2009).  RWH aims at increasing available soil water 
by capturing rainfall and making sure that it infiltrates into the soil.  RWH coupled with 
judicious fertilizer management has the potential to increase water productivity significantly.  
In addition, water management can be targeted to maximize plant water-uptake capacity, 
using crop and soil management to increase root water uptake (Karlberg et al., 2009).  Table 
5 summarizes techniques and practices that can be adopted to improve crop yields and water 
productivity.

Water productivity can further be improved by adopting multiple use systems (MUS).  MUS 
allow water systems to have their water accounted for in several production processes, thus 
increasing the output per unit of water.  Irrigation systems which use predominantly blue 
water are very amenable to MUS with a concomitant increase in water productivity.

Table 5: Techniques and practices to improve crop yields and water productivity (modified 
from Critchley and Siegert, 1991)

Water management strategy Purpose

Increase plant water availability
• Ex-situ (external) water-harvesting
• In-situ water-harvesting

Dry spell mitigation, supplementary irrigation, off-
season irrigation, recharge

Evaporation management Reduce non productive evaporation

Increase plant water uptake capacity Increase proportion of water balanced flowing as 
productive transpiration

One of the challenges to increasing water productivity is the fact that cost of water tends to 
be subsidized (Rosegrant, et al., 2002) and is considered cheap in many countries including 
those in the Southern Africa region. Because it is subsidized, farmers have no incentive to use 
water efficiently or increase its productivity. However, with water scarcity becoming more 
widespread it will become imperative that water productivity is increased.
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Increasing Agricultural Resilience

Resilience of agricultural systems has hitherto been an ignored aspect of rainfed food 
production.  Resilience, which can be taken to include system robustness, adaptability, 
persistence and transformability, allows agricultural systems to withstand external and 
internal shocks and stresses that might negatively impact agricultural production. Many 
of the proposed measures to improve water productivity (e.g., soil and water conservation 
techniques) also help to improve the resilience of agricultural systems by allowing the system 
to weather external shocks (e.g., mid season dry spells, climate change).  A substantial 
amount of research has been undertaken in Southern Africa on soil and water conservation 
techniques and practices to improve the resilience of rainfed systems.

In irrigated agriculture, irrigation itself is a way towards improving resilience of agricultural 
systems.  An agricultural system that has irrigation has better water control; water can be 
applied to crops as and when it is required, and this normally assures high production and 
productivity.  The problem with current irrigation practices is that water use efficiency 
can be low which implies that there is scope for improvement through reducing the non-
beneficial use consumption of water.  Realistically, there is not enough water to enable a 
large proportion of the population to access irrigation infrastructure for food production 
(Falkenmark and Rockström, 2004), so the focus will remain on trying to improve rainfed 
agriculture resilience.

Other ways of increasing resilience include breeding drought resistant or drought tolerant 
crop varieties, and crops that are resistant to pest and diseases.  Such efforts are receiving 
substantial funding worldwide and will not be discussed here but suffice to mention that the 
impact would be even greater if breeding was coupled with better water management.

Policy Changes

For most of the proposed measures to work, there is a need for policy changes in the region.  
Policies should promote measures that improve agricultural water management and increase 
water productivity.  Although this is a very important aspect of water and food security, and 
many publications have been devoted to it (e.g., Merrey and Sally, 2006; Kamara and Sally, 
2004), it is beyond the scope of this chapter. 

concLuSionS

Water and food security are inseparable in Southern Africa.  The bulk of the population 
is rural based and derives its livelihood and food from agricultural activities.  Any factors 
that affect water availability directly impact on these key aspects of life.  Water resources in 
the region are under stress, with implications on the ability of Southern Africa to produce 
enough food for its population.  All countries, with the exception of South Africa, are food 
insecure.  Although South Africa produces adequate food, there are still problems of localized 
food inadequacy, necessitating internal food redistribution.  Botswana being an arid country 
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has adopted a strategy of importing food to meet its requirements.  The rest of the region 
suffers from food shortages on a regular basis as result of climate extremes such as drought 
(Zambia, Zimbabwe) and floods (Mozambique) which affect agricultural production.  Most 
countries will not be able to meet the MDG 1 on reducing poverty and hunger by 2015.

The main driving force behind food insecurity in the region is water scarcity.  Water scarcity, 
either physical or economic, is predominantly due to climate change, increasing population, 
increasing water demand, changes in land use leading to water availability problems, 
deteriorating water quality, and changing dietary habits resulting in a demand for more 
water.

Due to the fact that the bulk of agriculture is rainfed in the region, opportunities exist 
to improve food production through attention to practices that improve agricultural water 
management, increase water productivity and increase the resilience of the agricultural 
production systems.  Practices such as rainwater harvesting, micro-agricultural water 
management and dry spell mitigation all work towards improving water productivity and 
building resilience.  Once agricultural systems have improved water productivity and are 
resilient, they are able to produce food for the population under even difficult conditions.  
Policies and investments should be directed towards such efforts.
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