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Foreword

This edition of The State of the World’s Land and Water Resources for Food and Agriculture 

���6�2�/�$�:�����À�O�O�V���D�Q���L�P�S�R�U�W�D�Q�W���W�K�H�P�D�W�L�F���J�D�S���L�Q���)�$�2�·�V���Á�D�J�V�K�L�S���S�X�E�O�L�F�D�W�L�R�Q���V�H�U�L�H�V�����D�Q�G��

presents objective and comprehensive information and analyses on the current state, 

trends and challenges facing two of the most important agricultural production 

factors: land and water.

Land and water resources are central to agriculture and rural development, 

and are intrinsically linked to global challenges of food insecurity and poverty, 

climate change adaptation and mitigation, as well as degradation and depletion 

of natural resources that affect the livelihoods of millions of rural people across 

the world.

 

Current projections indicate that world population will increase from 6.9 billion 

people today to 9.1 billion in 2050. In addition, economic progress, notably in the 

emerging countries, translates into increased demand for food and diversified diets. 

World food demand will surge as a result, and it is projected that food production 

will increase by 70 percent in the world and by 100 percent in the developing coun-

tries. Yet both land and water resources, the basis of our food production, are finite 

and already under heavy stress, and future agricultural production will need to be 

more productive and more sustainable at the same time.

 

A major objective of this publication is thus to build awareness of the status of 

land and water resources, and inform on related opportunities and challenges. 

Across the years, FAO has established itself as a unique source for a variety of global 

data on land and water. These data have been fully exploited in the preparation of 

this book, presenting the most comprehensive and up-to-date global overview of 

the availability of land and water resources, their use and management, as well as 

related future trends and developments. This further takes into consideration major 

drivers of global change, including demands driven by demographics, changing 

consumption patterns, biofuel production and climate change impacts.

 

The variety of situations that characterize the world’s agricultural landscapes is at 

the core of SOLAW. It identifies geographic zones with high population densities, 

where rainfed and irrigated crop production systems are under increasing pressure 

and are at heightened risk of reaching limits to increased production and productivi-

ties. These ‘systems at risk’ are drawn to the attention of the global community for 

concerted and timely remedial intervention, including through investments and inter-
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national cooperation, not only on a global scale but locally, where the consequences of 

lack of action on agricultural livelihoods are likely to be greatest.

SOLAW also highlights the essential but often understated contribution that 

appropriate policies, institutions and investments make in assuring equitable access 

to resources and their sustainable and productive management, while assuring 

acceptable levels of economic development. It also discusses options and strategies 

for addressing evolving issues such as water scarcity and land degradation.

 

SOLAW contains numerous examples of successful actions undertaken in various 

parts of the world, which illustrate the multiple options available that are poten-

tially replicable elsewhere. The necessary planning and negotiating mechanisms 

for doing so are highlighted. Given increasing competition for land and water 

resources, choices of options inevitably require stakeholders to evaluate trade-offs 

among a variety of ecosystem goods and services. This knowledge would serve to 

mobilize political will, priority setting and policy-oriented remedial actions, at the 

highest decision-making levels.

Jacques Diouf

Director-General

Food and Agriculture Organization 

of the United Nations (FAO)
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Preface 

Feeding a growing population
Land and water resources and the way they are used are central to the challenge of 

improving food security across the world. Demographic pressures, climate change, 

and the increased competition for land and water are likely to increase vulnerability 

�W�R���I�R�R�G���L�Q�V�H�F�X�U�L�W�\�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���$�I�U�L�F�D���D�Q�G���$�V�L�D�����7�K�H���F�K�D�O�O�H�Q�J�H���R�I���S�U�R�Y�L�G�L�Q�J���V�X�I�À-

cient food for everyone worldwide has never been greater.

 

The world’s population continues to rise. Today’s population of around 7 billion 

is expected to increase to about 9 billion by 2050 (United Nations, 2009). By this 

time, another one billion tonnes of cereals and 200 million extra tonnes of livestock 

products will need to be produced every year (Bruinsma, 2009). The imperative for 

such agricultural growth is strongest in developing countries, where the challenge 

is not just to produce food but to ensure that families have access that will bring 

them food security.

 

Today almost 1 billion people are undernourished, particularly in Sub-Saharan 

Africa (239 million) and Asia (578 million). In developing countries, even if agri-

cultural production doubles by 2050, one person in twenty still risks being under-

nourished – equivalent to 370 million hungry people, most of whom will again be 

in Africa and Asia. Such growth would imply agriculture remaining an engine of 

growth, vital to economic development, environmental services and central to rural 

poverty reduction.

For nutrition to improve and for food insecurity and undernourishment to recede, 

future agricultural production will have to rise faster than population growth. This 

will have to occur largely on existing agricultural land. Improvements will thus 

have to come from sustainable intensification that makes effective use of land and 

water resources as well as not causing them harm.

The policies, practices and technologies needed to boost production and 

strengthen food security have long been discussed. Institutional mechanisms, 

the development of trade and markets and the financial facilities needed to raise 

productivity in a sustainable way have been negotiated at the international level. 

At national level, measures to raise output and strengthen food security are being 

put in place, including investment in pro-poor, market-friendly policies, institutions 

and incentives, as well as the infrastructure and services needed to improve produc-

tivity. Yet the challenge still remains.



The State of the World’s Land and Water Resources for Food and Agriculturex

Increased competition for land and water
And there are warning signs. Rates of growth in agricultural production have been 

slowing, and are only half the 3 percent annual rate of growth seen in develop-

ing countries in the past. In 2007 and 2008, any complacency was jolted by food 

price shocks, as grain prices soared. Since then, the growing competition for land 

and water are now thrown into stark relief as sovereign and commercial investors 

begin to acquire tracts of farmland in developing countries. Production of feedstock 

�I�R�U���E�L�R�I�X�H�O�V���F�R�P�S�H�W�H�V���Z�L�W�K���I�R�R�G���S�U�R�G�X�F�W�L�R�Q���R�Q���V�L�J�Q�L�À�F�D�Q�W���D�U�H�D�V���R�I���S�U�L�P�H���F�X�O�W�L�Y�D�W�H�G��

�O�D�Q�G�����$�� �V�H�U�L�H�V�� �R�I�� �K�L�J�K�� �S�U�R�À�O�H�� �Á�R�R�G�V���� �G�U�R�X�J�K�W�V�� �D�Q�G�� �O�D�Q�G�V�O�L�G�H�V�� �I�X�U�W�K�H�U�� �W�K�U�H�D�W�H�Q�� �W�K�H��

stability of land and water resources.

Deeper structural problems have also become apparent in the natural resource 

base. Water scarcity is growing. Salinization and pollution of water courses and 

bodies, and degradation of water-related ecosystems are rising. In many large rivers, 

only 5 percent of former water volumes remain in-stream, and some rivers such as 

the Huang He no longer reach the sea year-round. Large lakes and inland seas have 

shrunk, and half the wetlands of Europe and North America no longer exist. Runoff 

from eroding soils is filling reservoirs, reducing hydropower and water supply. 

Groundwater is being pumped intensively overpumped and aquifers are becoming 

increasingly polluted and salinized in some coastal areas. Large parts of all conti-

nents are experiencing high rates of ecosystem impairment, particularly reduced soil 

quality, biodiversity loss, and harm to amenity and cultural heritage values.

 

Agriculture is now a major contributor to greenhouse gases, accounting for 

13.5 percent of global greenhouse gas emissions (IPCC, 2007). At the same time, 

climate change brings an increase in risk and unpredictability for farmers – from 

warming and related aridity, from shifts in rainfall patterns, and from the growing 

incidence of extreme weather events. Poor farmers in low income countries are the 

most vulnerable and the least able to adapt to these changes.

The steady increase in inland aquaculture also contributes to the competition for 

land and water resources: the average annual per capita supply of food fish from 

aquaculture for human consumption has increased at an average rate of 6.6 percent 

per year between 1970 and 2008 (FAO 2010a), leading to increase demand in feed, 

water and land for the construction of fish ponds.

 

The deteriorating trends in the capacities of ecosystems to provide vital goods and 

services are already affecting the production potential of important food-producing 

zones. If these continue, impacts on food security will be greatest in developing coun-

tries, where both water and soil nutrients are least abundant. Yet in some locations, 

better technology, management practices and policies (which take into consideration 

the need for appropriate tradeoffs between environmental needs and agricultural 
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production) have arrested and reversed negative trends and thus indicate pathways 

towards models of sustainable intensification. The risks, however, are considerable. 

On present trends, a series of major land and water systems and the food outputs they 

produce are at risk.

Scope of the book
This book deals primarily with the issue of land and water for crops. It examines the 

kinds of production responses needed to meet demand. It also assesses the poten-

tial of the world’s land and water resources to support these desired increases in 

output and productivity. Risks and tradeoffs are examined, and options reviewed 

for managing these without harm to the resource base.

 

While the use of land and water for forestry and livestock is briefly discussed in 

Chapter 1, these subjects have been addressed in greater detail in two earlier FAO 

reports to which the reader is referred: The State of the World’s Forests (FAO, 2009a) 

and The State of Food and Agriculture (FAO, 2009b). Similarly, more detailed analyses 

of trends and challenges on inland fisheries and aquaculture are provided in the 

recent FAO, report The State of World Fisheries and Aquaculture (FAO, 2010a). These 

global reports are supplemented by comprehensive analysis of gender in agricul-

ture in FAO and World Bank reports (FAO, 2011a; World Bank, 2009b).

Chapter 1 analyses the current status of land and water resources together with 

trends. It assesses the biophysical and technical aspects of the resources and their 

use, and presents projections for the year 2050. Chapter 2 reviews current institu-

tional arrangements, and assesses socio-economic and environmental impacts of 

current land and water management. Chapter 3 reviews current and future threats 

to land and water and their implications for a series of major systems at risk. Chap-

ter 4 examines requirements and options to achieve the necessary levels of output 

and productivity required in a sustainable way. Chapter 5 assesses the institutional 

responses at local, national and international levels, with an analysis of lessons for 

the future. Finally, Chapter 6 draws conclusions and advances policy recommenda-

tions. These centre on the pragmatic step by step approaches towards a new para-

digm of more sustainable, lower-carbon intensive agricultural production, based on 

more ecologically-sensitive management of land and water by farmers, supported 

by policies, institutions and incentives from national governments and the global 

community.
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The world’s cultivated area has grown by 12 percent over the last 50 years.  

The global irrigated area has doubled over the same period, accounting for most of 

the net increase in cultivated land. Meanwhile, agricultural production has grown 

between 2.5 and 3 times, thanks to significant increase in the yield of major crops. 

However, global achievements in production in some regions have been associated 

with degradation of land and water resources, and the deterioration of related 

ecosystem goods and services. These include biomass, carbon storage, soil 

health, water storage and supply, biodiversity, and social and cultural services. 

Agriculture already uses 11 percent of the world’s land surface for crop production. 

It also makes use of 70 percent of all water withdrawn from aquifers, streams and 

lakes. Agricultural policies have primarily benefited farmers with productive land 

and access to water, bypassing the majority of small-scale producers, who are 

still locked in a poverty trap of high vulnerability, land degradation and climatic 

uncertainty.

Land and water institutions have not kept pace with the growing intensity of 

agricultural development and the increasing degree of interdependence and 

competition over land and water resources. Much more adaptable and collaborative 

institutions are needed to respond effectively to natural resource scarcity and 

market opportunities. 

Towards 2050, rising population and incomes are expected to call for 70 percent 

more food production globally, and up to 100 percent more in developing countries, 

relative to 2009 levels. Yet the distribution of land and water resources does 

not favour those countries that need to produce more in the future: the average 

availability of cultivated land per capita in low-income countries is less than half 

that of high-income countries, and the suitability of cultivated land for cropping 

is generally lower. Some countries with rapidly growing demand for food are also 

those that face high levels of land or water scarcity. The largest contribution to 

increases in agricultural output will be most likely to come from intensification of 

production on existing agricultural land. This will require widespread adoption of 

sustainable land management practices, and more efficient use of irrigation water 

through enhanced flexibility, reliability and timing of irrigation water delivery. 

WHAT SOLAW SAYS
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The prevailing patterns of agricultural production need to be critically reviewed.  

A series of land and water systems now face the risk of progressive breakdown of 

their productive capacity under a combination of excessive demographic pressure 

and unsustainable agricultural practices. The physical limits to land and water 

availability within these systems may be further exacerbated in places by external 

drivers, including climate change, competition with other sectors and socio-

economic changes. These systems at risk warrant priority attention for remedial 

action simply because there are no substitutes. 

The potential exists to expand production efficiently in order to address food 

security and poverty while limiting impacts on other ecosystem values. There 

is scope for governments and the private sector, including farmers, to be 

much more proactive in advancing the general adoption of sustainable land 

and water management practices. Actions include not just technical options 

to promote sustainable intensification and reduce production risks, they 

also comprise a set of conditions to remove constraints and build flexibility. 

These include (1) the removal of distortions in the incentives framework,  

(2) improvement of land tenure and access to resources, (3) strengthened and 

more collaborative land and water institutions, (4) efficient support services 

(including knowledge exchange, adaptive research and rural finance), and  

(5) better and more secure access to markets.

Widespread adoption of sustainable land and water management practices 

will also require the global community to have the political will to put in place 

the financial and institutional support to encourage widespread adoption of 

responsible agricultural practices. The negative trend in national budgets and 

official development assistance allocated to land and water needs to be reversed. 

Possible new financing options include payments for environmental services (PES) 

and the carbon market. Finally, there is a need for much more effective integration 

of international policies and initiatives dealing with land and water management. 

Only by these changes can the world feed its citizens through a sustainable 

agriculture that produces within environmental limits.
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EXECUTIVE SUMMARY
In a crowded world with populations still rising and consumption 

patterns changing, humankind has not done enough to plan and 

manage the future development of land and water resources. 

After decades of underinvestment, poor management and lack 

of governance, the evidence is widely apparent. From dramatic 

mudslides on slopes too steep to bear human settlement, to 

unprecedented inundation of whole river basins, the impact on 

human lives from extreme meteorological events makes the news. 

What does not, though, is the creeping degradation of the land 

and water systems that provide for global food security and rural 

livelihoods. In some regions, whole systems are now at risk. 

Urgent steps need to be taken to reverse trends in their degradation 

while maintaining their integrity and productivity.



There is no doubt that access to and management of land and water 

resources need to improve markedly. Projected demands for food and 

agriculture production have to be met, malnutrition and rural poverty 

still have to be addressed, and competing demands for land and water 

must be reconciled with concerns over rapid degradation of natural 

systems. This calls for improved governance of land and water resources 

and a closer integration of policies, combined with increased and more 

strategic investment targeting food security and poverty alleviation.

This book presents the state of land and water resources for food 

production, and analyses threats to food security and sustainable 

development. The threats result not just from the relative physical scarcity 

of land and water. Trends in population growth, and changes in diets 

and climate present a complex set of challenges to which agricultural 

practices must adapt. The potential of the world’s land and water 

systems to meet these challenges is examined in this context. Options 

for managing some of the ‘systems at risk’ to achieve sustainable levels 

of output are explored together with the attendant risks and trade-offs. 

The book discusses required institutional and policy changes, and 

technical approaches needed in the specific environments. The main 

findings and recommendations are presented below. 
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Executive summary 3

The challenge of land and water

The availability of land and water to meet national and global demands for food 

and agriculture production have been put into sharp relief following the recent rise 

in commodity price levels (and associated volatility) and increased large-scale land 

�D�F�T�X�L�V�L�W�L�R�Q���� �7�K�H�� �V�R�F�L�D�O�� �L�P�S�D�F�W�V�� �R�I�� �U�D�S�L�G�� �I�R�R�G�� �S�U�L�F�H�� �L�Q�Á�D�W�L�R�Q�� �K�D�Y�H�� �K�L�W�� �W�K�H�� �S�R�R�U�H�V�W��

hardest. The buffering capacity of global agricultural markets to absorb supply 

shocks and stabilize agricultural commodity prices is tied to the continued function-

ing of land and water systems. At the same time, climate change brings additional 

risks and further unpredictability of harvests for farmers due to warming and related 

aridity, shifts in rainfall patterns, and the frequency and duration of extreme events. 

While warming may extend the limit of agriculture in the northern hemisphere, it is 

anticipated that key agricultural systems in lower latitudes will need to cope with 

new temperature, humidity and water stresses.

Status and trends in the use of land and water resources
Over the last 50 years, land and water management has met rapidly rising demands 

�I�R�U���I�R�R�G���D�Q�G���À�E�U�H�� In particular, input-intensive, mechanized agriculture and irriga-

tion have contributed to rapid increases in productivity. The world’s agricultural 

production has grown between 2.5 and 3 times over the period, while the cultivated 

area has grown only by 12 percent. More than 40 percent of the increase in food 

production came from irrigated areas, which have doubled in area. In the same 

period, the cultivated area of land per person gradually declined to less than 0.25 ha; 

�D�� �F�O�H�D�U�� �P�H�D�V�X�U�H�� �R�I�� �V�X�F�F�H�V�V�I�X�O�� �D�J�U�L�F�X�O�W�X�U�D�O�� �L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q���� �$�J�U�L�F�X�O�W�X�U�H�� �F�X�U�U�H�Q�W�O�\��

uses 11 percent of the world’s land surface for crop production, and accounts for 

70 percent of all water withdrawn from aquifers, streams and lakes.

�7�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���O�D�Q�G���V�X�L�W�D�E�O�H���I�R�U���F�U�R�S�S�L�Q�J���L�V���V�N�H�Z�H�G���D�J�D�L�Q�V�W���W�K�R�V�H���F�R�X�Q�W�U�L�H�V��

�W�K�D�W�� �K�D�Y�H�� �P�R�V�W�� �Q�H�H�G�� �W�R�� �U�D�L�V�H�� �S�U�R�G�X�F�W�L�R�Q�� Cultivated land area per person in 

low-income countries is less than half that in high-income countries, and its suitabil-

�L�W�\�� �I�R�U�� �D�J�U�L�F�X�O�W�X�U�H�� �L�V�� �J�H�Q�H�U�D�O�O�\�� �O�R�Z�H�U���� �7�K�L�V�� �L�V�� �D�� �W�U�R�X�E�O�L�Q�J�� �À�Q�G�L�Q�J���� �J�L�Y�H�Q�� �W�K�D�W�� �W�K�H��

growth of demand for food production, as a function of population and income, is 

expected to be concentrated in low-income countries. The main implication is that a 

global adjustment of agricultural production will need to be anticipated in order to 

compensate for these facts of geography.

Rainfed agriculture is the world’s predominant agricultural production system, 

�E�X�W���D�O�V�R���K�R�V�W�V���W�K�H���P�D�M�R�U�L�W�\���R�I���W�K�H���U�X�U�D�O���S�R�R�U�� The large swathes of temperate cereal 

production in the northern hemisphere will continue to supply global markets, and 

may even see a northward expansion, nudged by global warming. Instead, in the 

dry tropics and subtropics, rainfed production is held hostage by erratic precipita-
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tion. Unpredictable soil moisture availability over the course of a growing season 

reduces nutrient uptake and, consequently, yields. Taken with low soil fertility and 

carbon content of tropical soils, yields in rainfed systems are little more than half 

the achievable potential in many low-income countries. While improved land and 

�Q�X�W�U�L�H�Q�W���P�D�Q�D�J�H�P�H�Q�W���F�D�Q���U�H�V�X�O�W���L�Q���K�L�J�K�H�U���\�L�H�O�G�V�����W�K�H�V�H���F�D�Q���S�U�R�Y�H���G�L�I�À�F�X�O�W���W�R���V�X�V�W�D�L�Q��

if the threat of erratic rainfall remains. The rural poor on marginal lands with limited 

access to improved seed, fertilizer and information remain vulnerable.

�7�K�H�� �W�H�Q�G�H�Q�F�\�� �W�R�� �O�R�F�D�W�H�� �K�L�J�K���L�Q�S�X�W�� �D�J�U�L�F�X�O�W�X�U�H�� �R�Q�� �W�K�H�� �P�R�V�W�� �V�X�L�W�D�E�O�H�� �O�D�Q�G�V�� �I�R�U��

cropping relieves pressure on land expansion, and limits encroachment on forests 

�D�Q�G���R�W�K�H�U���O�D�Q�G���X�V�H�V�� The steady trend towards precision agriculture and commer-

cialization of all types of food and industrial crops is clear. Since 1961, while total 

cultivated land has shown a net increase of 12 percent to 2009, land under irriga-

tion has more than doubled. While much of the prime agricultural land suitable for 

irrigation has been developed, the call for on-demand, just-in-time water services is 

rising, and the global area equipped for irrigation continues to expand at a rate of 

0.6 percent per year. Groundwater use in irrigation is expanding quickly, and almost 

40 percent of the irrigated area is now reliant upon groundwater as either a primary 

�V�R�X�U�F�H���R�U���L�Q���F�R�Q�M�X�Q�F�W�L�R�Q���Z�L�W�K���V�X�U�I�D�F�H���Z�D�W�H�U�����7�K�L�V���S�D�W�W�H�U�Q���R�I���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q�����W�K�U�R�X�J�K���D��

concentration of inputs, has offset expansion of rainfed cultivation for staple cereals 

and established guaranteed supply chains for a wide range of agricultural products 

into urban centres.

�,�Q���W�R�R���P�D�Q�\�� �S�O�D�F�H�V���� �K�R�Z�H�Y�H�U���� �D�F�K�L�H�Y�H�P�H�Q�W�V���L�Q���S�U�R�G�X�F�W�L�R�Q���K�D�Y�H���E�H�H�Q���D�V�V�R�F�L�D�W�H�G��

with management practices that have degraded the land and water systems upon 

�Z�K�L�F�K���W�K�H���S�U�R�G�X�F�W�L�R�Q���G�H�S�H�Q�G�V�� In some of these areas, the accumulation of environ-

mental impacts in key land and water systems has now reached the point where 

production and livelihoods are compromised. Intensive agricultural practice has, 

in some cases, resulted in serious environmental degradation, including the loss of 

biodiversity, and surface and groundwater pollution from the improper use of fertil-

izers and pesticides.

 

Irrigation has had direct benefits in terms of production and incomes, and 

indirect benefits in terms of reduced incidence of downstream flood damage. 

However, there have also been associated impacts for which the costs may at times 

outweigh the benefits of production. Impacts may include reduction in environ-

mental flows, changes in downstream access to water, or reduction of the extent of 

wetlands that have important ecological functions of biodiversity, nutrient reten-

tion and flood control. The accumulation of environmental impacts in key land 

and water systems has reached the point where, in some cases, production and 

livelihoods are compromised. 
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Executive summary 5

While the intensive exploitation of land and water, particularly in large-scale 

agriculture, has potential to protect forests by reducing pressure on land, it could 

also cause broader ecosystem deterioration, including loss of climatic buffering and 

carbon storage from forest biomass when cleared, loss of biodiversity, and loss of 

amenity, tourism and cultural heritage values. Unsustainable management practices 

on small-scale farms could also cause degradation (e.g. nutrient mining, erosion), as 

well as contributing to greenhouse gas emissions. Often, such practices are the result 

of unfavourable socio-economic conditions (e.g. insecure land tenure, lack of incen-

tives, lack of access to markets or appropriate technologies, use of marginal lands). 

�:�D�W�H�U�� �D�Y�D�L�O�D�E�L�O�L�W�\�� �W�R�� �D�J�U�L�F�X�O�W�X�U�H�� �L�V�� �D�� �J�U�R�Z�L�Q�J�� �F�R�Q�V�W�U�D�L�Q�W�� �L�Q�� �D�U�H�D�V� � � Z�K�H�U�H� � �D� � �K�L� J�K� �

�S�U�R�S�R�U�W�L�R�Q���R�I���U�H�Q�H�Z�D�E�O�H���Z�D�W�H�U���U�H�V�R�X�U�F�H�V���D�U�H���D�O�U�H�D�G�\���X�V�H�G�����R�U���Z�K�H�U�H���W�U�D�Q�V�E�R�X�Q�G-

�D�U�\���U�H�V�R�X�U�F�H���P�D�Q�D�J�H�P�H�Q�W���F�D�Q�Q�R�W���E�H���Q�H�J�R�W�L�D�W�H�G�� Overall, increasing water scarcity 

constrains irrigated production, particularly in the most highly stressed countries 

and areas. In low- to medium-income countries with fast population growth, the 

demand for water is outstripping supply. Rising demand from both agriculture and 

other sectors is leading to competition for water, resulting in environmental stress 

and socio-economic tension. Where rainfall is inadequate and new water develop-

ment is not feasible, agricultural production is expected to be constrained more by 

water scarcity than land availability.

�*�U�R�X�Q�G�Z�D�W�H�U�� �D�E�V�W�U�D�F�W�L�R�Q�� �K�D�V�� �S�U�R�Y�L�G�H�G�� �D�Q�� �L�Q�Y�D�O�X�D�E�O�H�� �V�R�X�U�F�H�� �R�I�� �U�H�D�G�\�� �L�U�U�L�J�D�W�L�R�Q��

�Z�D�W�H�U���� �E�X�W�� �K�D�V�� �S�U�R�Y�H�G�� �D�O�P�R�V�W�� �L�P�S�R�V�V�L�E�O�H�� �W�R�� �U�H�J�X�O�D�W�H�� As a result, locally inten-

sive groundwater withdrawals are exceeding rates of natural replenishment in key 

cereal-producing locations – in high-, middle- and low-income countries. Because 

of the dependence of many key food production areas on groundwater, declining 

aquifer levels and continued abstraction of non-renewable groundwater present a 

growing risk to local and global food production.

�7�K�H�U�H���L�V���D���V�W�U�R�Q�J���O�L�Q�N�D�J�H���E�H�W�Z�H�H�Q���S�R�Y�H�U�W�\���D�Q�G���W�K�H���O�D�F�N���R�I���D�F�F�H�V�V���W�R���O�D�Q�G���D�Q�G���Z�D�W�H�U��

�U�H�V�R�X�U�F�H�V�� Worldwide, the poorest have the least access to land and water, and are 

locked in a poverty trap of small farms with poor-quality soils and high vulnerabil-

ity to land degradation and climatic uncertainty. Technologies and farming systems 

within reach of the poor are typically low-management, low-input systems that can 

contribute to land degradation or buffer rainfall variability. Highest trends in land 

degradation are associated with the poor.

Policies, institutions and investments in land and water
�7�K�H�� �O�D�F�N�� �R�I�� �F�O�H�D�U�� �D�Q�G�� �V�W�D�E�O�H�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �U�L�J�K�W�V���� �D�V�� �Z�H�O�O�� �D�V���Z�H�D�N�� �U�H�J�X�O�D�W�R�U�\��

�F�D�S�D�F�L�W�\�� �D�Q�G�� �H�Q�I�R�U�F�H�P�H�Q�W���� �K�D�Y�H�� �F�R�Q�W�U�L�E�X�W�H�G�� �W�R�� �F�R�Q�Á�L�F�W�� �R�Y�H�U�� �O�D�Q�G�� �D�F�F�H�V�V�� �D�Q�G��

�F�R�P�S�H�W�L�W�L�R�Q�� �I�R�U�� �Z�D�W�H�U�� �X�V�H�� In particular, the systematic inclusion of customary 

�D�Q�G���W�U�D�G�L�W�L�R�Q�D�O���X�V�H���U�L�J�K�W�V���L�Q���Q�D�W�L�R�Q�D�O���O�H�J�L�V�O�D�W�L�R�Q���L�V���D���Q�H�F�H�V�V�D�U�\���À�U�V�W���V�W�H�S���L�Q���R�U�G�H�U���W�R��

protect rural livelihoods and provide incentives for responsible land and water use.
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Agricultural development policies have tended to focus on investments in high-

potential areas and on irrigation, mechanization and crop specialization (mono-

�F�U�R�S�S�L�Q�J�����I�R�U���P�D�U�N�H�W�H�G���F�R�P�P�R�G�L�W�L�H�V���D�Q�G���H�[�S�R�U�W���F�U�R�S�V�����7�K�H�L�U���E�H�Q�H�À�W�V���K�D�Y�H���D�F�F�U�X�H�G��

to farmers with productive land and access to water, machinery and capital, largely 

bypassing the majority of smallholders, who are constrained by generally poor and 

vulnerable soils under typically low-management, low-input systems. Such policies 

have often prioritized short-term economic gains, ignoring long-term resource 

degradation and impacts on ecosystem services. Rural livelihoods and cultures have 

also been impacted as these new agricultural systems have been adopted.

Land and water use in agriculture is caught in a policy trap. On one hand, agricul-

tural policies have been effective in responding to increasing demand, but on the 

other hand they have resulted in a set of unintended consequences, including over-

application of fertilizer and pesticides, and depleted groundwater storage. Equally, 

water policies have driven expansion of water supply and storage, but in some 

water-short areas, this has created excess demand and ‘constructed’ scarcity. Low 

tariffs for irrigation water services have also encouraged its inefficient use.

In many river basins, the rate of socio-economic change and the accumulation 

of environmental problems have outpaced institutional responses. Environmental 

policy has had some influence in high-income countries, but has had far less effect 

so far on the development agenda of poorer countries.

�(�I�I�H�F�W�L�Y�H�� �F�R�O�O�D�E�R�U�D�W�L�R�Q�� �E�H�W�Z�H�H�Q�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �K�D�V�� �O�D�J�J�H�G�� �E�H�K�L�Q�G��

�S�D�W�W�H�U�Q�V�� �R�I�� �X�V�H�� �D�Q�G�� �F�R�Q�V�X�P�S�W�L�R�Q���� �$�O�W�K�R�X�J�K�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �I�X�Q�F�W�L�R�Q�� �D�V�� �D�Q��

�L�Q�W�H�J�U�D�W�H�G�� �V�\�V�W�H�P���� �P�D�Q�\�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �G�H�D�O�� �Z�L�W�K�� �W�K�H�P�� �V�H�S�D�U�D�W�H�O�\����While the legal 

decoupling of land and water is deliberate to avoid resource grabbing, the growing 

intensity of river basin development, and the degree of interdependence and compe-

tition over land and water resources, require more adaptable and collaborative insti-

tutions that can respond effectively to natural resource scarcity and changing market 

opportunities. Even institutions that are dedicated to integrated regional or basin 

management deal primarily with either land or water resources and their respective 

multiple uses, rather than with land and water jointly. National and local institutions 

regulating land and water use in many countries have come under growing pressure 

to arbitrate between different uses as competition for land and water has increased. 

The absence or weakness of transboundary cooperation frameworks (both within 

federated states and between riparian countries) have led to sub-optimal investment 

and tensions between upstream and downstream users.

 

�/�H�Y�H�O�V���R�I�� �S�X�E�O�L�F�� �D�Q�G���S�U�L�Y�D�W�H���L�Q�Y�H�V�W�P�H�Q�W���L�Q���E�D�V�L�F�� �D�J�U�L�F�X�O�W�X�U�D�O���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���D�Q�G��

�L�Q�V�W�L�W�X�W�L�R�Q�V�� �K�D�Y�H�� �G�H�F�O�L�Q�H�G�� �R�Y�H�U�� �W�K�H�� �S�D�V�W���W�Z�R�� �G�H�F�D�G�H�V�� Agricultural infrastructure 

(rural roads, irrigation schemes, storage and marketing chains) has become increas-
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�L�Q�J�O�\�� �X�Q�U�H�V�S�R�Q�V�L�Y�H�� �W�R�� �F�K�D�Q�J�L�Q�J�� �P�D�U�N�H�W�V�� �D�Q�G�� �L�Q�H�I�À�F�L�H�Q�W�� �L�Q�� �G�H�O�L�Y�H�U�L�Q�J�� �K�L�J�K���T�X�D�O�L�W�\��

produce. Renewed but smarter investment in modern agriculture is now seen as 

a vital component of global recovery to give more overall stability in food supply. 

The growing interdependence and competition over land and water resources in 

intensively used river basins indicates that this stability will not be achieved without 

more effective natural resource allocation and environmental regulation. Existing 

land and water systems that are threatened by depletion and degradation of natural 

resource endowments will be a priority target. 

Large-scale land acquisitions are on the increase in parts of Africa, Asia and Latin 

�$�P�H�U�L�F�D���� �Z�K�H�U�H�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �U�H�V�R�X�U�F�H�V�� �D�S�S�H�D�U�� �D�E�X�Q�G�D�Q�W�� �D�Q�G�� �D�Y�D�L�O�D�E�O�H�� They 

are driven by concerns about food and energy security, but other factors such as 

business opportunities, demand for agricultural commodities for industry and recip-

ient country are also at play. Although large-scale land acquisitions remain a small 

proportion of suitable land, in any one country, contrary to widespread perceptions 

there is very little ‘empty’ land as most remaining suitable land is already used or 

claimed, often by local people. While they offer opportunities for development, there 

is a risk that the rural poor could be evicted or lose access to land, water and other 

�U�H�O�D�W�H�G���U�H�V�R�X�U�F�H�V�����0�D�Q�\���F�R�X�Q�W�U�L�H�V���G�R���Q�R�W���K�D�Y�H���V�X�I�À�F�L�H�Q�W���P�H�F�K�D�Q�L�V�P�V���W�R���S�U�R�W�H�F�W���O�R�F�D�O��

rights and take account of local interests, livelihoods and welfare. A lack of transpar-

ency and of checks and balances in contract negotiations could promote deals that 

do not maximize the public interest. Insecure local land rights, inaccessible registra-

�W�L�R�Q���S�U�R�F�H�G�X�U�H�V�����Y�D�J�X�H�O�\���G�H�À�Q�H�G���S�U�R�G�X�F�W�L�Y�H���X�V�H���U�H�T�X�L�U�H�P�H�Q�W�V�����O�H�J�L�V�O�D�W�L�Y�H���J�D�S�V���D�Q�G��

other factors too often undermine the position of local people.

Perspectives for land and water use towards 2050
By 2050, rising population and incomes are expected to result in a 70 percent 

�L�Q�F�U�H�D�V�H���L�Q���J�O�R�E�D�O���G�H�P�D�Q�G���I�R�U���D�J�U�L�F�X�O�W�X�U�D�O���S�U�R�G�X�F�W�L�R�Q�� From a 2009 baseline this 

will need to be a 100 percent increase in low- and middle-income countries. This 

implies a global annual growth rate of 1 percent, and up to 2 percent in low- and 

middle-income countries. Increased production is projected to come primarily 

�I�U�R�P���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q���R�Q���H�[�L�V�W�L�Q�J�� �F�X�O�W�L�Y�D�W�H�G���O�D�Q�G���� �(�[�S�D�Q�V�L�R�Q���Z�L�O�O���V�W�L�O�O���E�H���S�R�V�V�L�E�O�H���L�Q��

sub-Saharan Africa and Latin America. In the longer run, climate change is expected 

to increase the potential for expansion in some temperate areas.

�%�R�W�K���L�U�U�L�J�D�W�H�G���D�Q�G���U�D�L�Q�I�H�G���D�J�U�L�F�X�O�W�X�U�H���Z�L�O�O���U�H�V�S�R�Q�G���W�R���U�L�V�L�Q�J���G�H�P�D�Q�G�� A doubling 

of current production could be derived from already developed land and water 

resources. Some further land and water resources could be diverted to crop produc-

tion, but in most cases they already serve important environmental and economic 

functions. Possible conversion to crop production would require prior evaluation of 

�W�K�H���W�U�D�G�H���R�I�I�� �E�H�W�Z�H�H�Q���S�U�R�G�X�F�W�L�R�Q���E�H�Q�H�À�W�V���� �D�Q�G���O�R�V�V���R�I�� �W�K�H�L�U���F�X�U�U�H�Q�W���H�F�R�O�R�J�L�F�D�O���D�Q�G��

socio-economic services.
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Most future growth in crop production in developing countries is likely to come 

�I�U�R�P���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q�����Z�L�W�K���L�U�U�L�J�D�W�L�R�Q���S�O�D�\�L�Q�J���D�Q���L�Q�F�U�H�D�V�L�Q�J�O�\���V�W�U�D�W�H�J�L�F���U�R�O�H through 

�L�P�S�U�R�Y�H�G���Z�D�W�H�U���V�H�U�Y�L�F�H�V�����Z�D�W�H�U���X�V�H���H�I�À�F�L�H�Q�F�\���L�P�S�U�R�Y�H�P�H�Q�W�V�����\�L�H�O�G���J�U�R�Z�W�K���D�Q�G���K�L�J�K�H�U��

cropping intensities. Both irrigated area and agricultural water use are expected to 

expand rather slowly: land under irrigation will increase from 301 Mha in 2009 to  

318 Mha in 2050, an increase of 6 percent. However, any expansion will require trade-

offs, particularly over intersectoral water allocation and environmental impacts. Consid-

erable growth of supplemental and pressurized irrigation is likely on private farms.

On the basis of existing trends in agricultural water-use efficiency and yield gains, 

it is projected that agricultural withdrawals will need to increase to more than 

2 900 km3/yr by 2030 and almost 3 000 km3/yr by 2050. This indicates a net increase 

of 10 percent between now and 2050.

 

�$�V�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �U�H�V�R�X�U�F�H�� �V�F�D�U�F�L�W�\�� �E�H�F�R�P�H�V�� �D�S�S�D�U�H�Q�W���� �F�R�P�S�H�W�L�W�L�R�Q�� �E�H�W�Z�H�H�Q��

municipal and industrial demands will intensify and intrasectoral competition will 

�E�H�F�R�P�H�� �S�H�U�Y�D�V�L�Y�H�� �Z�L�W�K�L�Q�� �D�J�U�L�F�X�O�W�X�U�H�� �²�� �E�H�W�Z�H�H�Q�� �O�L�Y�H�V�W�R�F�N���� �V�W�D�S�O�H�V�� �D�Q�G�� �Q�R�Q���I�R�R�G��

�F�U�R�S�V�����L�Q�F�O�X�G�L�Q�J���O�L�T�X�L�G���E�L�R�I�X�H�O�V�� Municipal and industrial water demands will be 

growing much faster than those of agriculture, and can be expected to crowd out 

allocations to agriculture. Meanwhile, the levels of soil management and precision 

application of water will need to rise to meet agricultural productivity increases. This 

will involve intrasectoral competition for scarce land and water, and the ultimate 

source of naturally available freshwater – groundwater – will be hit hard.

Climate change is expected to alter the patterns of temperature, precipitation 

�D�Q�G�� �U�L�Y�H�U�� �Á�R�Z�� �X�S�R�Q�� �Z�K�L�F�K�� �D�J�U�L�F�X�O�W�X�U�D�O�� �V�\�V�W�H�P�V�� �G�H�S�H�Q�G�� While some agricul-

�W�X�U�D�O���V�\�V�W�H�P�V���L�Q���K�L�J�K�H�U���O�D�W�L�W�X�G�H�V���P�D�\���J�D�L�Q���Q�H�W���E�H�Q�H�À�W�V���I�U�R�P���W�H�P�S�H�U�D�W�X�U�H���L�Q�F�U�H�D�V�H�V��

as more land becomes suitable for crop cultivation, lower latitudes are expected to 

take the brunt of the negative impacts. Global warming is expected to increase the 

�I�U�H�T�X�H�Q�F�\�� �D�Q�G���L�Q�W�H�Q�V�L�W�\�� �R�I�� �G�U�R�X�J�K�W�V�� �D�Q�G���Á�R�R�G�L�Q�J�� �L�Q�� �V�X�E�W�U�R�S�L�F�D�O���D�U�H�D�V���� �'�H�O�W�D�V�� �D�Q�G��

coastal areas are expected to be impacted negatively by sea-level rise. Mountain 

or highland systems and irrigated systems that rely on summer snowmelt are also 

�H�[�S�H�F�W�H�G���W�R���H�[�S�H�U�L�H�Q�F�H���O�R�Q�J���W�H�U�P���F�K�D�Q�J�H�V���L�Q���E�D�V�H���Á�R�Z�V�����$�G�D�S�W�D�W�L�R�Q���D�Q�G���P�L�W�L�J�D�W�L�R�Q��

strategies should focus on increasing resilience of farming systems to reduce current 

and likely risks, such as droughts, excessive rainfall and other extreme events. These 

strategies should also mitigate the negative impacts of climate change on agricul-

tural production.

Land and water systems at risk: what and where
Across the world, a series of agricultural production systems are at risk due to 

�D�� �F�R�P�E�L�Q�D�W�L�R�Q�� �R�I�� �H�[�F�H�V�V�L�Y�H�� �G�H�P�R�J�U�D�S�K�L�F�� �S�U�H�V�V�X�U�H�� �D�Q�G�� �X�Q�V�X�V�W�D�L�Q�D�E�O�H�� �D�J�U�L�F�X�O-

�W�X�U�D�O���S�U�D�F�W�L�F�H�V�����*�O�R�E�D�O���À�J�X�U�H�V���R�Q���W�K�H���U�D�W�H���R�I���X�V�H���D�Q�G���G�H�J�U�D�G�D�W�L�R�Q���R�I���O�D�Q�G���D�Q�G���Z�D�W�H�U��

resources hide large regional discrepancies in resource availability. Land and water 
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constraints are expected to compromise the ability of key agricultural production 

systems to meet demand. These physical constraints may be further exacerbated in 

places by external drivers, including climate change, competition with other sectors 

and socio-economic changes. These systems at risk warrant attention for remedial 

action since they cannot be replicated.

In SOLAW, a production system is considered ‘at risk’ where the current local 

availability and access to suitable land and water resources are constrained. In 

addition, local scarcity of land and water resources may be further constrained by 

unsustainable agricultural practices, growing socio-economic pressures or climate 

change. Systems at risk occur within the nine major categories of global agricultural 

production systems mapped in SOLAW.

Land and water for sustainable intensification

�0�R�U�H���W�K�D�Q���I�R�X�U���À�I�W�K�V���R�I���D�J�U�L�F�X�O�W�X�U�D�O���S�U�R�G�X�F�W�L�R�Q���J�U�R�Z�W�K���W�R�������������L�V���H�[�S�H�F�W�H�G���W�R���F�R�P�H��

from increased productivity on presently cultivated land. A variety of agronomic and 

technical approaches are available to achieve higher output, overcome constraints 

and manage risks. These will need to be accompanied and guided by increasingly 

effective and collaborative land and water institutions – public and private, formal 

and informal.

Land and water productivity gaps: an untapped potential
�/�D�Q�G���S�U�R�G�X�F�W�L�Y�L�W�\���L�V���J�H�Q�H�U�D�O�O�\���O�R�Z���R�Q���U�D�L�Q�I�H�G���F�U�R�S�O�D�Q�G�V�����E�H�F�D�X�V�H���R�I���O�R�Z���L�Q�K�H�U�H�Q�W��

soil fertility, severe nutrient depletion, poor soil structure and inappropriate soil 

�P�D�Q�D�J�H�P�H�Q�W�� �S�U�D�F�W�L�F�H�V�� This is particularly the case in sub-Saharan Africa, where 

yields are often below 1 t/ha. Sustainable land and water management techniques 

can increase productivity through integrated soil fertility management where 

rainfall is reliable.

 

Integrated rainfed production practices, such as conservation agriculture, agrofor-

estry and integrated crop–livestock systems, or integrated irrigation and aquacul-

ture, combine best management practices that are adaptable to the local ecosys-

tems, cultures and to market demand. Pesticide use and risks can be minimized by 

integrated pest management (IPM). Integrated soil fertility management, combined 

with rainwater harvesting, and soil and water conservation on slopes, could improve 

rainfed yields. By focusing on nitrogen and carbon cycles, these practices can also 

enhance carbon sequestration and mitigate greenhouse gas (GHG) emissions.

These approaches have proven to be successful when they form part of a 

rural development and livelihoods improvement strategy that includes support 
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services and better market access. Education, incentives and farmer field schools 

speed the transition to more productive and resilient land-use systems. However, 

risk and initial low profitability can inhibit the adoption of these techniques. 

Overall, feasibility and risk assessments are needed to evaluate socio-economic 

constraints and formulate effective incentive packages for farmers to adopt 

appropriate management approaches, and adapt techniques and practices to their 

specific farming situation.

�0�R�V�W���L�U�U�L�J�D�W�L�R�Q���V�\�V�W�H�P�V���D�F�U�R�V�V���W�K�H���Z�R�U�O�G���S�H�U�I�R�U�P���E�H�O�R�Z���W�K�H�L�U���F�D�S�D�F�L�W�\���D�Q�G���D�U�H���Q�R�W��

�D�G�D�S�W�H�G���W�R���W�K�H���Q�H�H�G�V���R�I���W�R�G�D�\�·�V���D�J�U�L�F�X�O�W�X�U�H�����7�K�H���O�R�Z���O�H�Y�H�O���R�I���Z�D�W�H�U���S�U�R�G�X�F�W�L�Y�L�W�\��

associated with their management translates into lost opportunities for resource 

�X�V�H�� �H�I�À�F�L�H�Q�F�\�� �D�Q�G�� �H�F�R�Q�R�P�L�F�� �U�H�W�X�U�Q�V�� The scope for increase in water supply for 

irrigation is now limited in many water-scarce regions. Some additional irrigation 

water is likely to come from large multipurpose hydropower schemes. Small-scale 

water storage projects are also expected to boost supply, and some new groundwater 

development is anticipated. But water demand management will become increas-

ingly important. A combination of improved irrigation scheme management, invest-

ment in modern technology, knowledge development and training can substantially 

�L�Q�F�U�H�D�V�H���Z�D�W�H�U���X�V�H���H�I�À�F�L�H�Q�F�\���D�Q�G���L�P�S�U�R�Y�H���V�X�S�S�O�\���W�R���W�K�H���R�I�W�H�Q���S�R�R�U���W�D�L�O���H�Q�G���X�V�H�U�V�����,�W��

can also improve water management where there is collective interest in maintain-

ing aquifer function and services. The highest gains are possible in sub-Saharan 

Africa and parts of Asia.

 

To raise land and water productivity on larger irrigation schemes, an integrated 

modernization package of infrastructure upgrades and management system 

improvements is required, together with an economic environment providing 

undistorted incentives, manageable allocation of risk and market access. There 

is also scope for improving irrigation efficiency and productivity in small-scale 

and informal irrigation. This requires mechanisms to ensure the availability of 

knowledge, technology and investment support, adapted to the local management 

practices and socio-economic context.

 

Recycling and re-use of water is another option, but only with effective regulation 

can water be safely derived from drainage, saline and treated wastewater. On-site 

and off-site risks from salinization and waterlogging require careful drainage 

planning, investment and management in many irrigation projects. Salt and water 

balance studies, and a regulatory and monitoring system, are required.

National support for sustainable land and water management
�7�K�H�� �Z�R�U�O�G�·�V�� �I�D�U�P�H�U�V�� �Z�L�O�O�� �F�R�Q�W�L�Q�X�H�� �W�R�� �E�H�� �W�K�H�� �S�U�L�P�H�� �D�J�H�Q�W�V�� �R�I�� �F�K�D�Q�J�H���� �D�Q�G�� �W�K�H�L�U��

�S�H�U�V�S�H�F�W�L�Y�H�� �K�D�V�� �W�R�� �F�R�X�Q�W�� Farmers are necessarily engaged in the planning and 

sustainable management of land and water, but many are forced into unsustain-
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able practices by poverty and lack of aligned incentives, insecure land tenure and 

�Z�D�W�H�U���X�V�H�� �U�L�J�K�W�V���� �O�D�F�N�� �R�I�� �D�G�H�T�X�D�W�H�� �O�R�F�D�O�� �R�U�J�D�Q�L�]�D�W�L�R�Q�V���� �D�Q�G�� �L�Q�H�I�À�F�L�H�Q�W�� �V�X�S�S�R�U�W��

�V�H�U�Y�L�F�H�V�����L�Q�F�O�X�G�L�Q�J���U�X�U�D�O���F�U�H�G�L�W���D�Q�G���À�Q�D�Q�F�H�����P�D�U�N�H�W�V���D�Q�G���D�F�F�H�V�V���W�R���W�H�F�K�Q�R�O�R�J�\���D�Q�G��

knowledge). Here, public resources can be allocated more strategically, together 

�Z�L�W�K���P�H�F�K�D�Q�L�V�P�V���W�R���H�Q�J�D�J�H���S�U�L�Y�D�W�H���V�H�F�W�R�U���À�Q�D�Q�F�L�Q�J�����E�R�W�K���D�W���W�K�H���Q�D�W�L�R�Q�D�O���O�H�Y�H�O���D�Q�G��

through credit mechanisms at the local level. This should translate into a higher 

share of public investments in agriculture. Within countries, three principal areas 

of investment are vital. (1) At the national level, governments will need to invest 

in public goods such as roads, storage, land and water resource protection works 

and to facilitate private investment. (2) Investment is needed in the institutions 

that regulate and promote sustainable land and water management: research 

and development, incentives and regulatory systems, and land use planning and 

water management. (3) At basin or irrigation scheme level, an integrated planning 

approach is needed to drive a sequenced programme of land and water investments. 

For irrigation schemes, a focus on modernization of both infrastructure and institu-

tional arrangements is needed.

�/�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �D�G�P�L�Q�L�V�W�U�D�W�L�R�Q�� �L�Q�V�W�L�W�X�W�L�R�Q�V�� �F�D�Q�� �E�H�� �V�W�U�H�Q�J�W�K�H�Q�H�G���W�R�� �L�P�S�U�R�Y�H��

�V�\�V�W�H�P�V���I�R�U���O�D�Q�G���D�Q�G���Z�D�W�H�U���U�L�J�K�W�V���Z�K�H�U�H���V�K�R�U�W�F�R�P�L�Q�J�V���L�Q�K�L�E�L�W���L�P�S�U�R�Y�H�G���S�U�R�G�X�F-

�W�L�Y�L�W�\�� Common-property systems can be adapted to provide secure land tenure 

by legal recognition and protection, or by negotiated and legalized conversion to 

individual rights. Land markets can be promoted and regulated to improve alloca-

�W�L�R�Q���H�I�À�F�L�H�Q�F�\���D�Q�G���H�T�X�L�W�\��

 

Multilevel stakeholder participation across land and water systems can greatly 

�H�Q�K�D�Q�F�H���Z�D�W�H�U���S�U�R�G�X�F�W�L�Y�L�W�\���D�Q�G���U�H�G�X�F�H���V�W�U�H�V�V���E�\���L�P�S�U�R�Y�L�Q�J���D�O�O�R�F�D�W�L�R�Q���H�I�À�F�L�H�Q�F�\��

�D�P�R�Q�J�� �V�H�F�W�R�U�V���� �D�Q�G�� �E�\�� �L�Q�W�U�R�G�X�F�L�Q�J�� �W�H�F�K�Q�R�O�R�J�L�H�V�� �D�Q�G�� �D�� �J�R�Y�H�U�Q�D�Q�F�H�� �V�W�U�X�F�W�X�U�H��

�S�U�R�P�R�W�L�Q�J�� �H�I�À�F�L�H�Q�W�� �Z�D�W�H�U�� �X�V�H�� Examples are participatory collective irrigation or 

groundwater management. Cooperation in transboundary water management, 

starting from the technical level, can promote optimal, multi-objective investment 

�D�Q�G���E�D�V�L�Q���Z�L�G�H���E�H�Q�H�À�W���V�K�D�U�L�Q�J�����)�X�W�X�U�H���L�Q�V�W�L�W�X�W�L�R�Q�D�O���G�H�Y�H�O�R�S�P�H�Q�W���L�V���O�L�N�H�O�\���W�R���L�Q�F�U�H�D�V-

�L�Q�J�O�\���U�H�Á�H�F�W���S�D�U�W�L�F�L�S�D�W�R�U�\���D�Q�G���S�O�X�U�D�O�L�V�W�L�F���D�S�S�U�R�D�F�K�H�V�����Z�L�W�K���J�U�R�Z�L�Q�J���G�H�Y�R�O�X�W�L�R�Q���D�Q�G��

accountability at local levels. Irrigation reforms would build on the movement of 

governments to decentralize control over irrigation and to seek greater responsibil-

�L�W�\�� �I�U�R�P�� �L�U�U�L�J�D�W�L�Q�J�� �I�D�U�P�H�U�V���� �%�D�V�L�Q�� �P�D�Q�D�J�H�P�H�Q�W�� �D�S�S�U�R�D�F�K�H�V�� �U�H�Á�H�F�W�� �E�H�V�W�� �S�U�D�F�W�L�F�H�� �L�Q��

devolving land and water management to the lowest geographic unit, and in involv-

ing stakeholders in planning and decision-making.

In particular, the need to address trade-offs will centre on the level and modalities 

of intensification, protection and conservation, the balances between commercial 

farming and staple production and between growth and income distribution, the 

level of national food security, and the sharing of costs and benefits between urban 
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and rural populations. What is vital is that the analysis should be explicit and 

decisions taken in the broader public interest. Participatory processes and transpar-

ency are thus important.

�,�P�S�U�R�Y�L�Q�J���W�K�H���D�S�S�O�L�F�D�W�L�R�Q���R�I���W�H�F�K�Q�R�O�R�J�\���I�R�U���V�X�V�W�D�L�Q�D�E�O�H���O�D�Q�G���D�Q�G���Z�D�W�H�U���P�D�Q�D�J�H-

ment requires the integration of knowledge from research with local diagno-

�V�L�V�� �D�Q�G�� �D�G�D�S�W�D�W�L�R�Q�� There is an extensive research basis for most land and water 

systems, but research and extension need to be equipped to offer adapted technol-

ogy on demand. Outreach programmes such as Farmer Field Schools, in partnership 

with local farmer groups, NGOs and the private sector have proved successful in  

promoting a range of sustainable technologies and practices, including pressurized 

�L�U�U�L�J�D�W�L�R�Q�����F�R�Q�V�H�U�Y�D�W�L�R�Q���D�J�U�L�F�X�O�W�X�U�H���R�U���S�U�R�G�X�F�W���F�H�U�W�L�À�F�D�W�L�R�Q��

 

SOLAW has revealed a number of gaps and inconsistencies in existing databases 

and information systems. These gaps should be filled by further inventories of land 

and water resources to help guide choices and implementation. Further research on 

the main existing farming systems will be essential to determine conservation and 

intensification strategies. Methods of assessing and valuing ecosystem services, 

including land and water audits, should be developed to provide the tools that are 

needed to value development options and help make informed decisions. Networks 

and modern media need to become more effective in exchanging and disseminating 

knowledge, and for identifying and filling knowledge gaps.

�$�� �À�U�V�W�� �V�W�H�S�� �W�R�� �P�D�Q�D�J�H�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �P�R�U�H�� �H�I�À�F�L�H�Q�W�O�\�� �L�V�� �U�H�P�R�Y�L�Q�J�� �G�L�V�W�R�U�W�L�R�Q�V��

that encourage land and water degradation, such as cheap energy prices that drive 

�L�Q�H�I�À�F�L�H�Q�W���� �H�Q�H�U�J�\���L�Q�W�H�Q�V�L�Y�H�� �I�D�U�P�L�Q�J�� �R�U�� �J�U�R�X�Q�G�Z�D�W�H�U�� �G�H�S�O�H�W�L�R�Q�� An incentive 

structure including price incentives and regulatory measures can then be designed 

to promote better practice. Payments for environmental services may rebalance costs 

�L�Q�F�X�U�U�H�G���E�\���I�D�U�P�H�U�V���D�Q�G���E�H�Q�H�À�W�V���W�R���R�W�K�H�U���V�H�F�W�R�U�V���R�I���V�R�F�L�H�W�\��

�7�K�H���U�H�F�H�Q�W���W�U�H�Q�G���L�Q���O�D�Q�G���D�F�T�X�L�V�L�W�L�R�Q���Q�H�H�G�V���W�R���E�H���D�G�G�U�H�V�V�H�G���W�K�U�R�X�J�K���D�S�S�U�R�S�U�L�D�W�H��

regulations, and through well-informed agricultural and food policies that take 

�P�R�U�H���D�F�F�R�X�Q�W���R�I���O�D�Q�G���D�Y�D�L�O�D�E�L�O�L�W�\���D�Q�G���D�F�F�H�V�V���U�L�J�K�W�V�� Developing guidelines for land 

governance, or a code to regulate international investments backed up by capacity 

building at all levels, would be useful to improve decision-making and negotiations.

Requirements for international cooperation and investment
�7�K�H�U�H���L�V���D�Q���X�U�J�H�Q�W���Q�H�H�G���I�R�U���E�H�W�W�H�U���D�Q�G���P�R�U�H���H�I�I�H�F�W�L�Y�H���L�Q�W�H�J�U�D�W�L�R�Q���R�I���L�Q�W�H�U�Q�D�W�L�R�Q�D�O��

�L�Q�L�W�L�D�W�L�Y�H�V���G�H�D�O�L�Q�J���Z�L�W�K���O�D�Q�G���D�Q�G���Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W�� International cooperation on 

sustainable land and water management has become a high priority in many insti-

tutions because of concerns about food security, poverty reduction, environmental 

protection and climate change. Several international agreements contain principles 
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of conservation of natural resources, including land and water, but these have rarely 

been translated into substantive action on the ground or national codes of conduct 

or practice, and a consolidated agreement and framework for action on sustainable 

land and water management is not yet in place.

Several organizations and programmes, including the Global Environment 

Facility (GEF), have been raising awareness and prompting action on sustainable 

land and water management, and some have strengthened institutions and gover-

nance. However, different organizations often work in the same field, which reduces 

focus and impact, and approaches remain largely sectoral rather than integrated.

 

A number of recent initiatives and partnerships from civil society and the private 

sector (such as Fairtrade, environmental certification or organic labelling) may also 

have positive effects on sustainable land and water management. They should be 

promoted and guided through better knowledge and monitoring mechanisms. 

Large-scale agriculture, in particular, also has the potential to reduce transactions 

costs associated with carbon trading, thereby providing incentives for sustainable 

management. 

�*�O�R�E�D�O�� �L�Q�Y�H�V�W�P�H�Q�W�� �L�Q�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �P�D�Q�D�J�H�P�H�Q�W�� �U�H�P�D�L�Q�V�� �E�H�O�R�Z�� �W�K�H�� �O�H�Y�H�O�V��

necessary to address persistent food insecurity and deal with natural resource 

�V�F�D�U�F�L�W�\����Gross investment requirements between 2007 and 2050 for irrigation 

development and management are estimated at almost US$1 trillion. Moreover, 

�O�D�Q�G���S�U�R�W�H�F�W�L�R�Q���D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W���� �V�R�L�O���F�R�Q�V�H�U�Y�D�W�L�R�Q���D�Q�G���Á�R�R�G���F�R�Q�W�U�R�O���Z�L�O�O���U�H�T�X�L�U�H��

�D�U�R�X�Q�G���8�6�����������E�L�O�O�L�R�Q�����1�H�Z���À�Q�D�Q�F�L�Q�J���R�S�W�L�R�Q�V���L�Q�F�O�X�G�H���3�(�6���D�Q�G���W�K�H���F�D�U�E�R�Q���P�D�U�N�H�W����

�*�O�R�E�D�O���O�H�Y�H�O���À�Q�D�Q�F�L�Q�J���V�K�R�X�O�G���F�R�P�S�O�H�P�H�Q�W���S�X�E�O�L�F���D�Q�G���S�U�L�Y�D�W�H���À�Q�D�Q�F�H���D�W���W�K�H���Q�D�W�L�R�Q�D�O��

level. To effectively attract and absorb these higher levels of investment, nations 

need to develop favourable policies, institutions and incentives, along with a strong 

monitoring and evaluation mechanism that addresses the social, economic and 

environmental dimensions of sustainability.

�)�L�Q�D�Q�F�L�D�O�� �U�H�V�R�X�U�F�H�V�� �W�R�� �S�U�R�P�R�W�H�� �V�X�V�W�D�L�Q�D�E�O�H�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �P�D�Q�D�J�H�P�H�Q�W�� �Z�L�O�O��

�Q�H�H�G���W�R���E�H���V�R�X�U�F�H�G���D�Q�G���G�L�V�E�X�U�V�H�G���W�K�U�R�X�J�K���H�[�L�V�W�L�Q�J���I�X�Q�G�V���D�Q�G���R�U���I�U�R�P���S�U�L�Y�D�W�H���D�Q�G��

�P�D�U�N�H�W���V�R�X�U�F�H�V�� A dedicated fund to support sustainable land and water manage-

ment by smallholders could be set up within the context of global climate change 

�Q�H�J�R�W�L�D�W�L�R�Q�V�� �R�Y�H�U�� �F�D�U�E�R�Q�� �V�H�T�X�H�V�W�U�D�W�L�R�Q�� �À�Q�D�Q�F�L�Q�J���� �Z�L�W�K�� �D�� �I�R�F�X�V�� �R�Q�� �W�K�H�� �P�X�O�W�L�S�O�H��

�E�H�Q�H�À�W�V���R�I���U�D�L�V�L�Q�J���V�R�L�O���F�D�U�E�R�Q���V�W�R�U�D�J�H�����U�H�G�X�F�L�Q�J���O�R�V�V�H�V���R�I���V�R�L�O���Q�X�W�U�L�H�Q�W�V���D�Q�G���F�R�Q�W�U�R�O-

�O�L�Q�J�� �U�X�Q�R�I�I�� �I�U�R�P�� �I�D�U�P�H�U�V�·�� �À�H�O�G�V���� �3�U�R�J�U�D�P�P�H�V�� �F�R�X�O�G�� �W�K�H�Q�� �S�U�R�Y�L�G�H���L�Q�F�H�Q�W�L�Y�H�V�� �W�R��

promote local-level adoption of sustainable land and water management practices, 

and also to promote global goods such as reforestation and carbon capture, and to 

reduce negative environmental impacts. Programmes adopting the concept of PES 

could facilitate adoption of such initiatives by farmers.
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�/�D�Q�G���D�Q�G���Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W���R�I�I�H�U�V���L�P�S�R�U�W�D�Q�W���R�S�S�R�U�W�X�Q�L�W�L�H�V���I�R�U���V�\�Q�H�U�J�L�H�V���E�H�W�Z�H�H�Q��

�F�O�L�P�D�W�H���F�K�D�Q�J�H���D�G�D�S�W�D�W�L�R�Q���D�Q�G���P�L�W�L�J�D�W�L�R�Q�� Agriculture and deforestation together 

account for up to a third of total anthropogenic GHG emissions. At the same time, 

climate change is expected to impact patterns of land and water use for agricul-

ture. However, many of the sustainable land and water management practices that 

are recommended to increase resilience and reduce vulnerability to climate change 

also contribute to mitigation, largely through carbon sequestration. In addition to 

its contribution as a carbon sink, increasing the storage of organic matter in the soil 

�S�U�R�Y�L�G�H�V�� �P�D�Q�\�� �I�X�U�W�K�H�U�� �E�H�Q�H�À�W�V���� �L�Q�F�O�X�G�L�Q�J�� �L�P�S�U�R�Y�H�P�H�Q�W�� �R�I�� �V�R�L�O�� �Z�D�W�H�U�� �V�W�R�U�D�J�H�� �D�Q�G��

�U�H�W�H�Q�W�L�R�Q�� �R�I�� �V�R�L�O�� �Q�X�W�U�L�H�Q�W�V���� �7�K�H�V�H�� �E�H�Q�H�À�W�V�� �F�D�Q�� �U�H�G�X�F�H�� �I�H�U�W�L�O�L�]�H�U�V�� �U�H�T�X�L�U�H�P�H�Q�W�V�� �D�Q�G��

enhance their uptake. This contribution of improved land and water management 

to mitigating climate change may mean that developing countries should be able to 

�D�W�W�U�D�F�W���À�Q�D�Q�F�L�D�O���V�X�S�S�R�U�W���E�D�V�H�G���R�Q���W�K�H���F�D�U�E�R�Q���V�H�T�X�H�V�W�U�D�W�L�R�Q���Y�D�O�X�H���R�I���W�K�H�L�U���V�X�V�W�D�L�Q�D�E�O�H��

land and water management.

Meeting the challenges - 
business as usual is not enough

The over-riding challenges faced by agriculture are: to produce at least 70 percent 

more food by 2050; to improve food security and livelihoods of the rural poor; to 

maintain the necessary ecosystem services; and to reconcile the use of land and water 

resources among competing uses. All these challenges will need to be addressed 

together with the anticipated impacts of climate change where they have a net 

negative impact on agricultural production. These challenges will not be met unless:

�‡ Existing agricultural practices can be transformed to reduce pressure on land 

and water systems.

 

�‡ Negative impacts of intensive production systems are reduced markedly, and 

increased food production is aligned with poverty alleviation, food and liveli-

hood security diversification and the maintenance of ecosystem services.

 

�‡ Negative impacts of smallholder agriculture associated with high population 

density, widespread poverty, and lack of secured access to land and water 

resources, are reduced.

�‡ Agricultural systems at risk are addressed as a priority and progress in redress-

ing risks is monitored.

�‡ Investment, economic and trade policies favour sustainable agriculture and 

balanced rural development.
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�‡ Sustainable intensification can be implemented through integrated planning 

and management approaches that can be scaled up from local levels to address 

systems at risk and mainstream climate change mitigation and adaptation 

simultaneously. 

The principles and practices around which major initiatives for sustainable land 

and water management can be built are:

 

�‡ Broad adoption of participatory and pluralistic approaches to land and water 

management, with growing devolution and local accountability.

 

�‡ Increasing investment for improvement of essential public good infrastructure 

related to the whole market chain from production to consumer.

�‡ Appraisal of ecosystem services, including land and water audits, developed 

to frame planning and investment decisions.

 

�‡ A review of the mandates and activities of existing global and regional organiza-

tions for land and water, with a view to promote collaboration, if not integration.

 

�‡ International trade agreements that favour a ‘green economy’ approach and 

contribute to sustainable agriculture overall.

 

�‡ Cooperative frameworks and basin-wide management institutions that can 

work together to optimize economic value and ensure equitable benefit 

sharing in international river basins.

 

�‡ A dedicated fund to support sustainable land and water management by 

smallholders. Incentive programmes such as PES for watershed manage-

ment and clean water, biodiversity and sustainable production schemes could 

then promote adoption of sustainable land and water management practices, 

capturing carbon and reducing negative environmental impacts.

Conclusion

The land and water systems, underpinning many key food-producing systems 

worldwide, are being stressed by unprecedented levels of demand. Climate change 

is expected to exacerbate these stresses in some key productive areas.

 

There is scope for governments and the private sector (including farmers) to be 

much more proactive in enabling and promoting the general adoption of more 
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sustainable land and water management practices. These have the potential to 

expand production efficiently in order to address food insecurity while limiting 

impacts on other ecosystem values. However, this will require profound changes in 

the way land and water are managed. Global and national policies will need to be 

aligned and institutions transformed to become genuine collaborators in applying 

knowledge and in responsible regulation of the use of natural resources. Business as 

usual, with or without some marginal adjustments, will not be enough.

The status and trends of land and water resources for food and agriculture 

described in SOLAW provide a basis for designing and prioritizing regional 

programmes and financing, to enhance sustainable management of land and water 

and address the systems at risk.
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Chapter 1

STATUS AND TRENDS IN LAND 
AND WATER RESOURCES
The world’s land and water resources are finite and under pressure 

from a growing population. Global figures show a relatively low share 

of land and water actually used by agriculture, but these figures hide 

major regional variations and a series of locally important imbalances 

between demand and supply. Demand for land and water from  

non-agricultural sectors, and a growing recognition of the need to 

meet environmental requirements further intensifies competition. 

This chapter reviews current status and trends of land and water 

resources, their geographical distribution and their use in agriculture. 

It presents projections for future agricultural demands towards 2050, 

and analyses its implication both for rainfed and irrigated agriculture.
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The present status of land and water

The world’s net cultivated area has grown by 12 percent over the last 50 years, 

mostly at the expense of forest, wetland and grassland habitats. At the same time, the 

global irrigated area has doubled. The distribution of these land and water assets is 

unequal among countries. Although only a small proportion of the world’s land and 

water is used for crop production, most of the easily accessible and (thus economic) 

resources are under cultivation or have other ecologically and economically valu-

able uses. Thus the scope for further expansion of cultivated land is limited. Only 

parts of South America and sub-Saharan Africa still offer scope for some expan-

sion. At the same time, competition for water resources has also been growing to the 

extent that today more than 40 percent of the world’s rural population is now living 

in water-scarce regions.

Land distribution, use and suitability
The global land area is 13.2 billion ha. Of this, 12 percent (1.6 billion ha) is currently 

in use for cultivation of agricultural crops, 28 percent (3.7 billion ha) is under forest, 

and 35 percent (4.6 billion ha) comprises grasslands and woodland ecosystems. 

Low-income countries cover about 22 percent of the land area (Table 1.1).

Land use varies with climatic and soil conditions and human influences (Map 1.1). 

Figure 1.1 further shows the dominant land use by region. Deserts prevail across 

much of the lower northern latitudes of Africa and Asia. Dense forests predomi-

nate in the heartlands of South America, along the seaboards of North America, 

and across Canada, Northern Europe and much of Russia, as well as in the tropical 

TABLE 1.1: REGIONAL DISTRIBUTION OF MAIN LAND USE CATEGORIES (2000) 

Country category
Cultivated 
land

Forest  
land

Grassland 
and 
woodland 
ecosystems

Sparsely 
vegetated  
and barren 
land

Settlement  
and 
Infrastructure

Inland  
water  
bodies

Global 
share  
of land, 
%

Share  
of global 
population, 
%

Mha % Mha % Mha % Mha % Mha % Mha %

Low-income 22 38 441 15 564 20 1 020 36 744 26 52 1.8 41 1.4

Middle-income 53 47 735 11 2 285 33 2 266 33 1 422 21 69 1 79 1

High-income 25 15 380 12 880 27 1 299 39 592 18 31 1 123 4

Source: adapted from Fischer et al. (2010) 
Note: The extents of land cover classes were extracted from a dataset used for global agro-ecological modelling. Owing to different dates 
of data acquisitions, spatial resolutions, definitions and processing techniques, the estimates in this table may differ somewhat from those 
of other more recent sources. For example, the global extent of forest land is reported in FAO (2010d) as 4 billion ha versus approximately 
3.7 billion ha reported here. See Annex A1 for the definition of regional and subregional country groupings.
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belts of Central Africa and Southeast Asia. Cultivated land is 12 to 15 percent of 

total land in each category. Grasslands and woodlands (33 to 39 percent) and 

forest land (20 to 33 percent) dominate land use and cover in all three country 

income categories. 

Cultivated land is a leading land use (a fifth  or more of the land area) in South and 

Southeast Asia, Western and Central Europe, and Central America and the Carib-

bean, but is less important in sub-Saharan and Northern Africa, where cultivation 

covers less than a tenth of the area.

The global area of cultivated land has grown by a net 159 Mha since 1961 (Table 1.2 

and Figure 1.2). This increase, however, includes a larger area of land newly brought 

FIGURE 1.1: REGIONAL DISTRIBUTION OF LAND USE AND COVER
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into cultivation, while over the same period previously cultivated lands have come 

out of production. All of the net increase in cultivated area over the last 50 years is 

attributable to a net increase in irrigated cropping, with land under rainfed systems 

showing a very slight decline. Irrigated area more than doubled over the period, 

and the number of hectares needed to feed one person has reduced dramatically 

from 0.45 to 0.22 ha per person (FAO, 2010b).

Methods for forest inventory, forest definitions and the geographical extents 

of assessments change over time, rendering comparisons difficult. Nonetheless, 

a decline of about 135 Mha (3.3 percent) in forested area between 1990 and 2010 

suggests that the expansion in the cultivated area and the replacement of degraded 

arable land with new cultivated land have been partly achieved through conversion 

of previously forested areas (FAO, 2010d).

Globally, about 0.23 ha of land is cultivated per head of the world’s population. 

High-income countries cultivate more than twice the area per capita (0.37 ha) than 

1961 2009 Net increase
1961…2009

Cultivated land 1 368 1 527 12%

�™��rainfed 1 229 1 226 −0.2%

�™��irrigated 139 301 117%

Sources: FAO (2010b,c)

TABLE 1.2: NET CHANGES IN MAJOR LAND USE (Mha)
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FIGURE 1.2: EVOLUTION OF LAND UNDER IRRIGATED AND RAINFED CROPPING (1961…2008)
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low-income (0.17 ha) countries, while middle-income countries cultivate 0.23 ha per 

capita (Table 1.3).

FAO defines land suitability for agriculture in terms of capacity to reach potentially 

attainable yields for a basket of crops (Box 1.1). Assuming well-adapted production 

systems are used, currently cultivated land is mostly of prime (28 percent of the total) 

or good quality (53 percent). The highest regional proportion of prime land currently 

cultivated is found in Central America and the Caribbean (42 percent), followed by 

Western and Central Europe (38 percent) and Northern America (37 percent). For 

high-income countries as a whole, the share of prime land in currently cultivated 

land is 32 percent (Table 1.3). In low-income countries, soils are often poorer and only 

28 percent of total cultivated land is classed as prime (Figure 1.3).

FIGURE 1.3: TOTAL EXTENT OF CULTIVATED LAND 
BY LAND SUITABILITY CATEGORY FOR EACH GEOGRAPHIC REGION
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TABLE 1.3: SHARE OF WORLD CULTIVATED LAND SUITABLE 
FOR CROPPING UNDER APPROPRIATE PRODUCTION SYSTEMS

Regions

Cultivated 
land  
(Mha)

Population  
(million)

Cultivated land  
per capita (ha)

Rainfed crops (%)

Prime  
Land

Good  
Land

Marginal  
Land

Low-income countries 441 2 651 0.17 28 50 22

Middle-income countries 735 3 223 0.23 27 55 18

High-income countries 380 1 031 0.37 32 50 19

Total 1 556 6 905 0.23 29 52 19

Source: adapted from Fischer et al. (2010)
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Water use, withdrawals, scarcity and quality
Through the global hydrological cycle, renewable water resources amount to 

42 000 km3/yr. Of this, about 3 900 km 3 is withdrawn for human uses from rivers 

and aquifers: some 2 710 km3 (70 percent) is for irrigation, 19 percent for indus-

tries and 11 percent for the municipal sector (Table 1.4). It is estimated that more 

�W�K�D�Q���������S�H�U�F�H�Q�W���R�I���D�O�O���Z�D�W�H�U���Z�L�W�K�G�U�D�Z�D�O�V���Á�R�Z�V���E�D�F�N���W�R���O�R�F�D�O���K�\�G�U�R�O�R�J�L�F�D�O���V�\�V�W�H�P�V���E�\��

�U�H�W�X�U�Q���Á�R�Z�V���W�R���U�L�Y�H�U�V���R�U���J�U�R�X�Q�G�Z�D�W�H�U�����7�K�H���U�H�P�D�L�Q�L�Q�J���S�D�U�W���L�V���F�R�Q�V�L�G�H�U�H�G���F�R�Q�V�X�P�S-

tive water use through evaporation and plant transpiration.

With the doubling of the global irrigated area over the last 50 years, withdrawals 

for agriculture have been rising. Globally, total water withdrawals still represent 

only a small share – about 9 percent of internal renewable water resources (IRWR) 

(Table 1.4), but this average masks large geographical discrepancies. The rate of 

withdrawal varies greatly by country or region. Europe withdraws only 6 percent 

of its internal resources and just 29 percent of this goes to agriculture. The intensive 

agricultural economies of Asia withdraw 20 percent of their internal renewable 

resources, of which more than 80 percent goes to irrigation. In many of the low 

rainfall regions of the Middle East, Northern Africa and Central Asia, most of the 

exploitable water is already withdrawn, with 80–90 percent of that going to agricul-

ture, and thus rivers and aquifers are depleted beyond sustainable levels. 

About 40 percent of the world’s population lives in transboundary river basins, 

and more than 90 percent live in countries with basins that cross international 

borders (Sadoff and Grey, 2005). These 263 international water basins account for 

about 50 percent of global land area and 40 percent of freshwater resources (Gior-

dano and Wolf, 2002). Many of these transboundary rivers are among the largest 

flows of water globally. The growth in water withdrawals, primarily by agriculture, 

has brought about the need for collaboration among countries, through treaties 

and agreements between riparian countries, the formulation of international agree-

ments such as the 1997 UN Convention on the Law of the Non-navigational Uses 

of International Watercourses and regional initiatives such as the Southern African 

Development Community (SADC) Protocol on Shared Water Resources.

BOX 1.1: HOW SUITABILITY OF LAND FOR CULTIVATION IS ASSESSED

This study considers three levels of suitability for cultivation: prime, good and marginal/

unsuitable. Prime land is capable of producing 80 percent of potentially attainable yields for 

a basket of crops. Good land may produce 40–80 percent of potential. Marginal/unsuitable 

land produces less than 40 percent. Management influences yields everywhere. The figures 

shown in Table 1.3 assume appropriate production systems, where management and input 

levels are matched to soil suitability. On this assumption, the estimated extent of prime and 

good land worldwide varies between 70 percent at low input levels and 80 percent.

Source: Fischer et al. (2010)
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Water resources are very unevenly distributed, with some countries having an 

abundance of water while many manage conditions of extreme scarcity. In addi-

tion, even where water may appear abundant, much of it is not accessible or is 

very expensive to develop, or is not close to lands that can be developed for agri-

culture. Water scarcity has three dimensions: physical (when the available supply 

does not satisfy the demand), infrastructural (when the infrastructure in place 

does not allow for satisfaction of water demand by all users) and institutional 

(when institutions and legislations fail to ensure reliable, secure and equitable 

supply of water to users).

TABLE 1.4: WATER WITHDRAWAL BY MAJOR WATER USE SECTOR (2003)

Continent 
Regions

Total withdrawal by sector Total water 
withdrawal 
*

Total 
freshwater 
withdrawal

Freshwater 
withdrawal 
as % 
of IRWR

Municipal Industrial Agricultural

km3/yr % km 3/yr % km 3/yr % km 3/yr km 3/yr

Africa 21 10 9 4 184 86 215 215 5

Northern Africa 9 9 5 6 80 85 94 94 201

Sub-Saharan Africa 13 10 4 3 105 87 121 121 3

Americas 126 16 280 35 385 49 791 790 4

Northern America 88 15 256 43 258 43 603 602 10

Central America and  
Caribbean 6 26 2 11 15 64 24 24 3

Southern America 32 19 21 13 112 68 165 165 1

Asia 217 9 227 9 2 012 82 2 456 2 451 20

Western Asia 25 9 20 7 227 83 271 268 55

Central Asia 5 3 8 5 150 92 163 162 61

South Asia 70 7 20 2 914 91 1 004 1 004 57

East Asia 93 14 150 22 434 64 677 677 20

Southeast Asia 23 7 30 9 287 84 340 340 17

Europe 61 16 204 55 109 29 374 374 6

Western and Central Europe 42 16 149 56 75 28 265 265 13

Eastern Europe and Russian 
Federation 19 18 56 51 35 32 110 110 2

Oceania 5 17 3 10 19 73 26 26 3

Australia and New Zealand 5 17 3 10 19 73 26 26 3

Pacific Islands 0.01 14  0.01 14 0.05 71   0.1    0.1    0.1

World 429 11 723 19 2 710 70 3 862 3 856 9

High-income 145 16 392 43 383 42 920 916 10

Middle-income 195 12 287 18 1 136 70 1 618 1 616 6

Low-income 90 7 44 3 1 191 90 1 324 1 324 18

Low-income food de“cit 182 8 184 8 1 813 83 2 180 2 179 16

Least-developed 10 5 3 1 190 94 203 203 5

* Includes use of desalinated water

Source: FAO (2010c)
Note: See Annex A1 for the definition of regional and subregional country groupings.
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In terms of physical water scarcity, it is estimated that on average a withdrawal 

rate above 20 percent of renewable water resources represents substantial pressure 

on water resources – and more than 40 percent is ‘critical’. In some regions, particu-

larly in the Middle East, Northern Africa and Central Asia, countries are already 

withdrawing in excess of critical thresholds. The resultant stresses on the func-

tions of ecosystems are increasingly apparent. It is now estimated that more than 

40 percent of the world’s rural population lives in river basins that are physically 

water scarce. Map 1.2 shows the global distribution of water scarcity by major river 

basin, based on consumptive use of water in irrigation.

Equally, countries have developed their water resources extensively through a 

combination of policies and investments to increase supply and stimulate demand. 

As a result, in many countries demand is outstripping supply, and this imbalance is 

creating new stresses on the agricultural sector. There remain few opportunities for 

easy and low-cost infrastructure, and thus the marginal cost of new water develop-

ment projects is high. 

At the same time, demand from other sectors, particularly municipal and indus-

trial demand, has been growing faster than agricultural demand. Whereas in 

less-developed countries agricultural use remains dominant, in Europe 55 percent 

of water is withdrawn by industry. Water stresses occur locally across the globe, but 

some entire regions are highly stressed, particularly the Middle East, the Indian sub-

continent and northeastern China. Sub-Saharan Africa and the Americas generally 

experience lower levels of water stress.

When water is used in domestic and productive activities, and discharged again 

into the environment, water quality is changed. In general, increasing popula-

tion and economic growth combined with little or no water treatment have led to 

more negative impacts on water quality. Agriculture, as the largest water user, is a 

�P�D�M�R�U���F�R�Q�W�U�L�E�X�W�R�U�����.�H�\���Q�R�Q���S�R�L�Q�W���V�R�X�U�F�H���S�R�O�O�X�W�L�R�Q���L�Q�F�O�X�G�H�V���Q�X�W�U�L�H�Q�W�V���D�Q�G���S�H�V�W�L�F�L�G�H�V��

derived from crop and livestock management. A further problem arises from salini-

zation: many soil and water salinity problems have been reported in large irrigation 

schemes in Pakistan, China, India, Argentina, Sudan and many countries in Central 

Asia, where more than 16 Mha of irrigated land are now salinized (FAO, 2010c).

Land and water resources in rainfed agriculture

Rainfed agriculture is the predominant agricultural production system worldwide. 

As practised in highland areas and in the dry and humid tropics, it is the system 

in which poorer smallholder farmers predominate and where the risks of resource 

degradation are highest. Soil nutrient availability in many rainfed lands tends to be 
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low, and sloping terrain and patterns of rainfall and runoff contribute to erosion. 

High temperatures and low and erratic precipitation often make soil moisture avail-

ability inadequate, and techniques to improve water availability (such as water 

harvesting) are expensive. Higher levels of input and management can increase 

productivity, but many farmers cannot afford the costs or risks. All these factors 

affecting land and water for rainfed agriculture as practised by the poor contribute 

to their vulnerability and to their food insecurity.

Land and water resources distribution
Rainfed agriculture depends on rainfall for crop production, with no permanent 

source of irrigation. Of the current world cultivated area of 1 600 Mha, about  

1 300 Mha (80 percent) are rainfed. Rainfed agriculture produces about 60 percent of 

global crop output in a wide variety of production systems (Table 1.5; Map 1.3). The 

most productive systems are concentrated in temperate zones of Europe, followed 

by Northern America, and rainfed systems in the subtropics and humid tropics. 

Rainfed cropping in highland areas and the dry tropics tends to be relatively low-

yielding, and is often associated with subsistence farming systems. Evidence from 

farms worldwide shows that less than 30 percent of rainfall is used by plants in the 

process of biomass production. The rest evaporates into the atmosphere, percolates 

to groundwater or contributes to river runoff (Molden, 2007). 

Depending on temperature and soil conditions, rainfed cropping of some kind is 

possible where annual rainfall exceeds 300 mm. The distribution of rainfall during 

System Characteristics and selected examples

Rainfed agriculture: highlands Low productivity, small-scale subsistence (low-input) 
agriculture; a variety of crops on small plots plus few animals.

Rainfed agriculture: dry tropics Drought-resistant cereals such as maize, sorghum and millet. 
Livestock consists often of goats and sheep, especially in the 
Sudano-Sahelian zone of Africa, and in India. Cattle are more 
widespread in southern Africa and in Latin America.

Rainfed agriculture: humid tropics Mainly root crops, bananas, sugar cane and notably soybean 
in Latin America and Asia. Maize is the most important cereal. 
Sheep and goats are often raised by poorer farmers while cattle 
are held by wealthier ones.

Rainfed agriculture: subtropics Wheat (the most important cereal), fruits (e.g. grapes 
and citrus) and oil crops (e.g. olives). Cattle are the most 
dominant livestock. Goats are also important in the southern 
Mediterranean, while pigs are dominant in China and sheep in 
Australia.

Rainfed agriculture: temperate Main crops include wheat, maize, barley, rapeseed, sugar beet 
and potatoes. In the industrialized countries of Western Europe, 
the United States and Canada, this agricultural system is highly 
productive and often combined with intensive, penned livestock 
(mainly pigs, chickens and cattle).

Source: this study

TABLE 1.5: TYPES OF RAINFED SYSTEMS
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the growing season is also a key factor: ample annual averages may conceal poor 

spacing in relation to the growing season and, combined with uncertainties such 

as rainfall variability between years, this increases risks and reduces the chances of 

rainfed agriculture being highly productive.

The extent of rainfed area has not grown in recent years, but this masks the 

replacement of some land too degraded for further cropping and consequently 

abandoned, and their replacement by lands newly converted from forests and 

grasslands to arable farming. This process of land degradation and abandonment, 

and the development of new lands in replacement, is particularly characteris-

tic of low-input, low-management farming systems such as ‘slash-and-burn’ in 

the humid tropics, or cultivation on steep slopes. Because data on these farming 

systems are sparse, and because some of these lands may not be permanently 

degraded but may be brought back into cultivation after long fallow, it is difficult 

to estimate the areas involved. 

Trends in rainfed areas differ by region. Sub-Saharan Africa, where 97 percent of 

staple production is rainfed, has doubled cultivated cereals area since 1960. In Latin 

America and the Caribbean, rainfed cultivation has expanded by 25 percent in the 

last 40 years (FAO, 2010b).

Soil and terrain constraints
Provided that adequate moisture is available in the soil, the broad potential of rain-

fed lands is determined largely by soil quality (Map 1.4). The most important factor 

is nutrient availability and related nutrient retention capacity of the soil. In addition, 

soil depth affects plant rooting, and drainage characteristics affect the availability of 

oxygen as roots grow. Soil structure is important for ease of cultivation, and is linked 

to soil chemistry and cultivation practices. Finally, the slope of the land can affect 

soil quality as sloping terrain erodes as a result of runoff and mass wasting.

Soil nutrient availability is the prevalent soil limitation in current cultivated 

land in most regions, particularly in tropical developing countries. This is 

due in part to lower availability of natural nutrients than in temperate lands.  

Sub-Saharan Africa, Southern America, East Asia, Southeast Asia, and Australia 

and New Zealand have particularly low levels of natural soil nutrient availability. 

The share of soils with no or minor nutrient availability constraints is highest 

in high-income countries (76 percent), compared with 68 percent in low-income 

countries (Table 1.6). In addition, the natural fertility status of some soils has dete-

riorated over time through ‘nutrient mining’.

In several regions, soil quality constraints affect more than half the cultivated 

land base, notably in sub-Saharan Africa, Southern America, Southeast Asia and 
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Northern Europe. In low-income countries, only 44 percent of cultivated soils 

(about 196 Mha), have no or only minor constraints. The main constraint on the 

remaining 247 Mha is poor nutrient availability, affecting about 24 percent of the 

soils with varying levels of constraints from light to very severe.

But with good soil management, quality can be improved. Under high-input 

farming conditions, a low natural nutrient availability can be alleviated by 

fertilizer application, provided the soil has adequate nutrient retention capac-

ity. However, low nutrient retention capacities are found in Southern Africa, the 

Amazon area, Central Asia and Northern Europe. In those areas increased use 

of fertilizers alone may prove ineffective for increasing crop yields, and thus 

additional forms of soil enhancement are necessary. Another major obstacle to 

crop cultivation is poor soil structure and ‘workability’, which is, for example, 

prevalent in large parts of Ethiopia, Sudan and central India. Such constraints may 

again be reduced with the use of high input and appropriate soil management. 

Often these are areas dominated by vertisols, which ideally should be cultivated 

with zero-tillage techniques.

Rainfed productivity and production gaps
The productivity of rainfed cropping is measured by yields (production per unit 

of area). Productivity varies enormously, and is highly sensitive to factors other 

than soil and water – for example, the availability and affordability of technologies 

�D�Q�G���L�Q�S�X�W�V�����D�F�F�H�V�V���W�R���P�D�U�N�H�W�V�����D�Q�G���W�K�H���O�R�F�D�O���À�Q�D�Q�F�L�D�O���U�H�W�X�U�Q�V�����$�W���R�Q�H���H�[�W�U�H�P�H�����G�U�\��

farming systems produce sorghum or millet yields of a few hundred kilograms 

per hectare. At the other extreme, farmers in Europe achieve yields as high as  

7–10 t/ha for wheat (FAO, 2010b; Molden, 2007).

 

In sub-Saharan Africa, yields have changed little since the 1960s, and increases 

in production have come almost entirely from land expansion. Rainfed maize 

yields, for example, have remained constant at around 1t/ha. In Latin America 

and the Caribbean, by contrast, yields for rainfed maize tripled over the same 

period, from little more than 1t/ha to over 3t/ha. Average wheat yields across 

TABLE 1.6: DISTRIBUTION OF CULTIVATED LAND BY CLASSES 
OF SOIL QUALITY RATING OF NATURAL NUTRIENT AVAILABILITY

Country category
Cultivated 
land (Mha)

Area by class of soil nutrient availability rating (%)

�� 40 40…60 60…80 �! 80

Low-income countries 443 0 20 12 68

Middle-income countries 740 1 16 15 67

High-income countries 382 1 9 13 76

Source: adapted from Fischer et al. (2010)
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Europe more than doubled (2t/ha to over 5t/ha). FAO has calculated a ‘yield gap’ 

by comparing current productivity with what is potentially achievable assum-

ing that inputs and management are optimized in relation to local soil and water 

conditions (Map 1.5; Table 1.7).

These results show that the yield gap is greatest in sub-Saharan Africa (where 

yields are only 24 percent of what could be produced under higher levels of 

management). The gap is lowest in East Asia (11 percent). This implies that if 

all current land and water were managed optimally, output could double in the 

regions where the yield gap is less than 50 percent: Northern Africa, sub-Saharan 

Africa, Central America and the Caribbean, Southern America, Western Asia, 

Central Asia, South Asia, Eastern Europe and Russian Federation, and the Pacific 

Islands. By contrast, much of Asian farming is already using advanced manage-

ment, with Eastern Asia in particular rivalling the most productive systems in the 

developed world, at 89 percent of potential.

Land and water resources in irrigated agriculture

Irrigated systems have expanded in recent years to bring water control, which, 

together with rapid increases in water productivity, has greatly boosted agri-

cultural production and incomes. However, most irrigated farming systems are 

performing well below their potential, and there is considerable scope for improv-

ing land and water productivity. Groundwater abstraction has provided an invalu-

able source of ready irrigation water, but has proved almost impossible to regulate.  

As a result, agriculture withdrawals of groundwater are intensifying and some key 

aquifers are being depleted. Water quality is deteriorating, with impacts from irriga-

tion on both surface and groundwater, and the salinization of irrigated lands is a 

growing problem. Competition for water from domestic and industrial users is grow-

ing fast, and many countries and basins face water scarcity with reduced quantities 

available to irrigation. New impoundments and diversions have higher marginal 

costs and pose increasing environmental challenges. Recycled water can increase 

supply, but it is a limited and costly resource and it needs careful management.

Extent of land use and water resources control
In 2006, the global area equipped for irrigation stood at 301 Mha (Table 1.8). Irriga-

tion has developed rapidly in recent decades, particularly in developing countries, 

in response to the need to ensure controlled water sources for optimal crop produc-

tivity (Figure 1.4). As the global population grew, the area equipped for irrigation 

more than doubled – from 139 Mha to 301 Mha – and water withdrawals for irriga-

tion almost doubled – from about 1 540 km3 to 2 710 km3. Over the same period the 

proportion of total cultivated land that is irrigated grew from 10 to 20 percent.
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TABLE 1.7: ESTIMATED YIELD GAPS (PERCENTAGE OF POTENTIAL) FOR CEREALS, ROOTS 
AND TUBERS, PULSES, SUGAR CROPS, OIL CROPS AND VEGETABLES COMBINED

Region

Actual yields in 
2005 compared with 
potential yield (%) 

Yield gap (%)

Year 2005

Northern Africa 40 60

Sub-Saharan Africa 24 76

Northern America 67 33

Central America and Caribbean 35 65

Southern America 48 52

Western Asia 51 49

Central Asia 36 64

South Asia 45 55

East Asia 89 11

Southeast Asia 68 32

Western and Central Europe 64 36

Eastern Europe and Russian Federation 37 63

Australia and New Zealand 60 40

Pacific Islands 43 57

Source: adapted from Fischer et al. (2010)

FIGURE 1.4: AREA EQUIPPED FOR IRRIGATION
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About 70 percent of the world area equipped for irrigation is in Asia, where it 

accounts for 39 percent of the cultivated area (Map 1.6). South and East Asia account 

for over half of the world’s area equipped for irrigation, and India and China alone 

(each with about 62 Mha equipped for irrigation), account for 40 percent. Most of 

this irrigation is large-scale development within major basins, primarily for paddy 

rice production. Irrigation is also very important in Western Asia, where it accounts 

for 37 percent of the cultivated area, and in Northern Africa (23 percent of culti-

vated area). The region with the least irrigation is sub-Saharan Africa, where only 

3 percent is irrigated. 

TABLE 1.8: AREA EQUIPPED FOR IRRIGATION 
(PERCENTAGE OF CULTIVATED LAND AND PART IRRIGATED GROUNDWATER)

Continent
Regions

Equipped area  
(million ha)

As % of  
cultivated land

of which groundwater 
irrigation (2006)

Year 1961 2006 1961 2006
Area equipped 
(million ha)

As % of total 
irrigated area

Africa 7.4 13.6 4.4 5.4 2.5 18.5

Northern Africa 3.9 6.4 17.1 22.7 2.1 32.8

Sub-Saharan Africa 3.5 7.2 2.4 3.2 0.4 5.8

Americas 22.6 48.9 6.7 12.4 21.6 44.1

Northern America 17.4 35.5 6.7 14.0 19.1 54.0

Central America and Caribbean 0.6 1.9 5.5 12.5 0.7 36.3

Southern America 4.7 11.6 6.8 9.1 1.7 14.9

Asia 95.6 211.8 19.6 39.1 80.6 38.0

Western Asia 9.6 23.6 16.2 36.6 10.8 46.0

Central Asia 7.2 14.7 13.4 37.2 1.1 7.8

South Asia 36.3 85.1 19.1 41.7 48.3 56.7

East Asia 34.5 67.6 29.7 51.0 19.3 28.6

Southeast Asia 8.0 20.8 11.7 22.5 1.0 4.7

Europe 12.3 22.7 3.6 7.7 7.3 32.4

Western and Central Europe 8.7 17.8 5.8 14.2 6.9 38.6

Eastern Europe and Russian 
Federation 3.6 4.9 1.9 2.9 0.5 10.1

Oceania 1.1 4.0 3.2 8.7 0.9 23.9

Australia and New Zealand 1.1 4.0 3.2 8.8 0.9 24.0

Pacific Islands  0.001     0.004 0.2 0.6 0.0 18.7

World 139.0 300.9 10.2 19.7 112.9 37.5

High-income 26.7 54.0 6.9 14.7 26.5 49.1

Middle-income 66.6 137.9 10.5 19.3 36.1 26.1

Low-income 45.8 108.9 13.1 24.5 50.3 46.2

Low-income food de“cit 82.5 187.6 16.6 29.2 71.9 38.3

Least-developed 6.1 17.5 5.2 10.1 5.0 28.8

Data sources: FAO (2010b,c)
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Rate of expansion

The rate of expansion of irrigation, over 2 percent a year in the 1960s and 1970s, has 

decreased substantially. The reasons are many, and include a long period of stable 

food supply and declining food prices (until 2007), declining population growth 

rate, and the rising importance of investment in other sectors (Faurès et al., 2007). 

In addition, rising investment and maintenance costs (and associated low economic 

return of irrigation schemes), and concerns over negative social and environmental 

impacts, have led to reduction in government and donor interest. 

Most irrigation expansion has taken place by conversion from rainfed agriculture. 

Part of irrigation, however, takes place on arid and hyper-arid (desert) land that is not 

suitable for rainfed agriculture. It is estimated that of the 219 Mha irrigated at present 

in developing countries, some 40 Mha are on arid and hyper-arid land, which could 

increase to 43 Mha in 2050. In some regions and countries, irrigated arid and hyper-

arid land forms an important part of the total irrigated land presently in use: 19 out 

of 28 Mha in the Near East and Northern Africa, and 15 of 85 Mha in South Asia.

Some regionally specific factors also played a part. In Asia, almost all sites had 

been developed. Eastern Europe and the countries of Central Asia, which developed 

irrigation rapidly in the 1960s and 1970s, entered a period of economic crisis and 

reorganization after the break-up of the former Soviet Union. Some parts of Eastern 

Europe and the Russian Federation have seen large areas equipped for irrigation 

abandoned in the last two decades. 

Sources of irrigation water

Irrigation extracts water from rivers, lakes and aquifers. About 188 million ha 

(62 percent of the irrigated area), is supplied from surface water, and 113 Mha 

(38 percent) from groundwater (Map 1.7). Following the introduction of tubewell 

technology, and driven by low energy prices, groundwater use has grown rapidly in 

recent years, particularly in Asia, Northern Africa and the Middle East. From agri-

cultural census data for India, the irrigated areas equipped with groundwater struc-

tures rose from approximately 10 Mha in 1960 (Mukherji and Shah, 2005) to almost 

40 Mha by 2010 (Seibert et al. 2010). In South Asia, groundwater now accounts for 

57 percent of the total irrigated area, and in the Arabian Peninsula for 88 percent.

Non-conventional sources of water such as treated wastewater and desalinated 

water provide a minor source of irrigation water (about 1 percent). Use of treated 

wastewater is on the increase as urban areas invest in treatment, and its use is 

popular for peri-urban cropping. Desalinated water is used for irrigation where 

high-value crops are grown and no alternative sources of water are available, but 

these tend to be exceptional cases.
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Water resources constraints

In some regions, the competition for water and the growing water scarcity are 

constraining both current availability of water for irrigation and further expansion 

of the irrigated area. There are already very severe water shortages, in particular in 

Western, Central and South Asia, which use half or more of their water resources in 

irrigation (Table 1.9), and in Northern Africa, where withdrawals for irrigation exceed 

renewable resources due to groundwater overdraft and recycling. By contrast, South-

ern America barely uses 1 percent of its resources. In many parts of the Middle East, 

North Africa, China and elsewhere, water tables are declining as farmers abstract 

over and above rates of replenishment from recharge and aquifer leakage.

TABLE 1.9: ANNUAL LONG-TERM AVERAGE RENEWABLE WATER 
RESOURCES AND IRRIGATION WATER WITHDRAWAL

Continent
Regions

Precipitation 
(mm)

Renewable 
water 
resources* 
(km3)

Water-use 
ef“ciency 
ratio 
(%)

Irrigation 
water 
withdrawal 
(km3)

Pressure 
on water 
resources due 
to irrigation (%)

 Africa  678 3 931  48  184  5

Northern Africa 96  47  69 80  170

Sub-Saharan Africa  815 3 884  30 105  3

Americas 1 091 19 238  41  385  2

Northern America  636 6 077  46 258  4

Central America and 
Caribbean 2 011  781  30 15  2

Southern America 1 604 12 380  28 112  1

Asia  827 12 413  45 2 012  16

Western Asia  217  484  47 227  47

Central Asia  273  263  48 150  57

South Asia 1 602 1 766  55 914  52

East Asia  634 3 410  37 434  13

Southeast Asia 2 400 6 490  19  287  4

Europe  540 6 548  48  109  2

Western and Central Europe  811 2 098  43 75  4

Eastern Europe and Russian 
Federation  467 4 449  67 35  1

Oceania  586  892  41  19  2

Australia and New Zealand  574  819  41 19  2.3

Pacific Islands 2 062  73 -   0.05  0.1

World  809 43 022  44 2 710  6

High-income  622 9 009  45  383  4

Middle-income  872 26 680  39 1 136  4

Low-income  876 7 332  50 1 191  16

Low-income food de“cit  881 13 985  48 1 813  13

Least-developed  856 4 493  28  190  4

* Refers to internal renewable water resources; it excludes ‘incoming flows’ at the regional level.

Source: FAO (2010c)
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At the country level, variations are even higher. In 2005–7, four countries (Libyan 

Arab Jamahiriya, Saudi Arabia, Yemen and Egypt) used volumes of water for 

irrigation that were larger than their annual renewable water resources. Overall, 

eleven countries used more than 40 percent of their water resources for irrigation, 

the threshold that is considered critical. An additional eight countries withdrew 

more than 20 percent of their water resources, indicating substantial pressure and 

impending water scarcity. 

For several countries, relatively low overall figures may give an overly optimistic 

impression of the level of water stress: China, for instance, is facing severe water 

shortage in the north while the south still has abundant water resources. Ground-

water mining also occurs in certain parts of some other countries of the Near East, 

and in South and East Asia, Central America and in the Caribbean, even if at the 

national level the water balance may still be positive.

Irrigation and land productivity
Irrigation has contributed greatly to the improvements in global agricultural 

productivity and output in recent decades. India and China tripled production in 

the 25 years from 1964–6 to 1997–9, mainly through investment in irrigation and 

widespread adoption of measures to enhance land and water productivity. At pres-

�H�Q�W�� �L�Q�� �G�H�Y�H�O�R�S�L�Q�J�� �F�R�X�Q�W�U�L�H�V���� �L�U�U�L�J�D�W�H�G�� �D�J�U�L�F�X�O�W�X�U�H�� �F�R�Y�H�U�V�� �D�E�R�X�W�� �D�� �À�I�W�K�� �R�I�� �D�O�O�� �D�U�D�E�O�H��

land, but accounts for nearly half (47 percent) of all crop production and almost 

60 percent of cereal production. In the least-developed countries, irrigation accounts 

�I�R�U���O�H�V�V���W�K�D�Q���R�Q�H���À�I�W�K�����������S�H�U�F�H�Q�W�����R�I���W�K�H���K�D�U�Y�H�V�W�H�G���F�H�U�H�D�O�V���D�U�H�D���E�X�W���D�O�P�R�V�W���W�Z�R���À�I�W�K�V��

(38 percent) of cereal production (Table 1.10).

Irrigated agriculture is highly diverse. The irrigation unit may range from an 

individual farm up to massive integrated schemes such as the Rohri canal system 

in Pakistan, which covers 1.04 Mha. 

The predominant models are: large-scale public systems (either paddy fields for 

rice production in humid areas or for staples and cash crops in dry areas); small- 

and medium-scale community-managed systems; commercial private systems for 

cash crops; and farm-scale individually managed systems producing for the local 

market (Molden, 2007: 359). Water conveyance and distribution may be by grav-

ity or under pressure, and management and institutional set-up public, user-run, 

private, community-based, or a combination.

Water productivity and productivity gaps
In water-scarce countries such as Mexico, the challenge is to optimize water produc-

tivity in the face of competition from municipal and industrial demand. In much of 

China and India, the very high agricultural use of water is prompting improvements 
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in water productivity, but environmental issues of pollution and groundwater over-

draft are threatening the resource base. In Pakistan, drainage problems and resultant 

�V�D�O�L�Q�L�]�D�W�L�R�Q���G�R�P�L�Q�D�W�H���W�K�H���L�U�U�L�J�D�W�L�R�Q���D�J�H�Q�G�D�����Z�K�L�O�H���Á�R�R�G���F�R�Q�W�U�R�O���L�V���D���S�U�H�R�F�F�X�S�D�W�L�R�Q��

in the coastal deltas of Bangladesh and Vietnam.

Irrigation systems typically have yields at least twice those of nearby rainfed 

crops. Globally, rainfed cereals yields in the developing world average 1.5t/ha, but 

irrigated yields are 3.3t/ha. Irrigated cropping intensities are typically higher too, 

with two crops per year in most of Asia (Faurès et al., 2007). Water productivity has 

TABLE 1.10: SHARES OF IRRIGATED LAND AND SHARE OF IRRIGATED 
CEREAL PRODUCTION IN TOTAL CEREAL PRODUCTION (2006)

Continent
Regions

All irrigated crops Irrigated cereals 

Actually 
irrigated 
land as % of 
cultivated 
land 

Harvested 
irrigated land 
as % of total 
harvested 
land

Harvested 
irrigated 
cereal land 
as % of total 
harvested 
irrigated land

Harvested 
irrigated 
cereal land 
as % of total 
harvested 
cereal land

Harvested 
irrigated cereal 
production as % 
of total cereal 
production

 Africa 5 7 48 7 24

Northern Africa 21 43 48 33 75

Sub-Saharan Africa 2 3 48 3 9

Americas 10 15 44 14 22

Northern America 11 20 43 15 22

Central America and Caribbean 7 18 32 17 32

Southern America 8 8 47 13 22

Asia 34 43 68 51 67

Western Asia 28 49 52 32 48

Central Asia 30 43 45 27 45

South Asia 38 41 70 52 70

East Asia 44 58 69 68 78

Southeast Asia 19 21 84 35 49

Europe 5 9 28 4 8

Western and Central Europe 9 12 30 5 10

Eastern Europe and Russian 
Federation 1 5 23 2 4

Oceania 7 12 14 2 7

Australia and New Zealand 7 12 14 2 7

Pacific Islands 1

World 17 25 62 29 42

High-income 11 19 39 13 20

Middle-income 26 28 63 32 49

Low-income 14 26 69 33 55

Low-income food de“cit 26 34 68 42 64

Least-developed 8 10 83 17 38

Sources: FAO (2010b,c)
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also been increasing: over the last 40 years, both rice and wheat have more than 

doubled their yield per unit of water. But as demand grows, more production will 

be needed from these same equipped areas.

Over the last 50 years, the rate of increase in production for globally important crop 

groups exceeds the rate of increase of the extent of arable land and permanent crops. 

Cereals are by far the most important crop group (on the basis of total harvested 

area) and have registered relatively large average increases in yields (Figure 1.5). 

More than two-thirds of the increase in production has come from yield increases, 

especially under irrigated conditions. Bruinsma (2003) estimated that 77 percent of 

production increases in developing countries came from ‘intensification’ arising from 

increases in both yield and cropping intensities. South and East Asia, where the share 

of irrigation in the cultivated area is highest, produced the most rapid growth in 

productivity, with 94 percent of increased production attributable to intensification.

Two main factors have driven up irrigated yields: the widespread adoption of 

new varieties, inputs and husbandry practices; and breakthroughs in irrigation 

technology, such as tubewell and pressurized irrigation.

Forests, rangelands, inland fisheries and aquaculture

Forests
FAO’s Global forest resources assessment provides regular estimates of the state of the 

world’s forests, their extent and health, and the status of their socio-economic and 

environmental functions (FAO, 2010d). In 2010, forests covered approximately 4 

billion ha. Deforestation arising mainly from the conversion of tropical forests to 

agricultural land has recently shown signs of decreasing, but still continues at an 

alarming rate. Around 13 Mha of forest were converted to other uses or lost through 

natural causes each year in the last decade, compared with 16 Mha per year in the 

1990s. However, during the last decade, the net reduction in forest areas has been 

�V�L�J�Q�L�À�F�D�Q�W�O�\���O�L�P�L�W�H�G���E�\���O�D�U�J�H���V�F�D�O�H���S�O�D�Q�W�L�Q�J���R�I���W�U�H�H�V�����H�V�W�L�P�D�W�H�G���D�W�����������0�K�D���S�H�U���\�H�D�U��

�G�X�U�L�Q�J���W�K�H���À�U�V�W���G�H�F�D�G�H���R�I���W�K�H�������V�W���F�H�Q�W�X�U�\�����1�H�W���O�R�V�V�H�V���R�I���I�R�U�H�V�W�H�G���O�D�Q�G���Z�H�U�H���F�R�Q�F�H�Q-

trated in South America, sub-Saharan Africa, Southeast Asia and Oceania, while the 

US, India, China, Russia and several European countries showed net gains in forested 

land. Primary forests account for 36 percent of forest area, but have decreased by 

more than 40 Mha since 2000. Reduction in primary forests may have important 

impacts on forest biodiversity.

Forests play a crucial role in the hydrological cycle, which is why they must be 

taken into consideration when analysing water issues at landscape level. They 

capture and store water, prevent soil erosion, and serve as natural water purifica-
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FIGURE 1.5: INCREASES IN WORLD PRODUCTION, AREA 
HARVESTED AND CROPLAND EXTENT, 1961…2009
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tion systems. Forests influence the amount of water available, regulate surface and 

groundwater flows, and ensure high water quality. Moreover, forests and trees 

contribute to the reduction of water-related risks such as landslides, local floods and 

droughts, and help prevent desertification and salinization. Forested watersheds 

and wetlands supply three-quarters of the world’s accessible fresh water to satisfy 

domestic, agricultural, industrial and ecological needs (FAO, 2008c). 

Rangelands
Rangelands extend over all latitudes, and are usually characterized by low biomass 

production due to constraints related to soil, temperature and water availability. They 

cover some 25 percent of the global land area, and include the drylands of Africa 

(66 percent of the total continental land area) and the Arabian Peninsula, the steppes 

of Central Asia and the highlands of Latin America (Nori and Neely, 2009). Vege-

tation is mostly dominated by natural plant communities of perennial and annual 

species, including grasses, shrubs and trees. By their nature, rangelands are fragile 

ecosystems and when mismanaged readily result in degradation, loss of biodiversity 

and water retention capacity, carbon emissions and reduced productivity. 

The extent and trends in rangelands are hard to assess. Global statistics indicate 

that the total area of rangelands was 3.43 billion ha in 2000, and decreased slightly to 

3.36 billion ha by 2008. The reasons for these minor changes cannot be easily identi-

fied, though may include poor data, desertification and encroachment of agricul-

ture. Large-scale conversion of drier grasslands to crops and inappropriate manage-

ment has had unfortunate consequences, such as the ‘dust bowl’ of the Great Plains 

of the USA in the 1920s and 1930s. In the mid 20th century, drylands were widely 

cultivated in the USSR, but crop production was also unsustainable in that region 

(Boonman and Mikhalev, 2005) and these lands are now reverting to rangelands. 

The contribution that rangelands make to the maintenance of ecosystem functions 

and biodiversity is important. In addition to providing feed for livestock, they play 

an important role as a habitat for wildlife, for water retention and for the conserva-

tion of plant genetic resources. The flora of rangelands is rich: about 750 genera and 

12 000 grass species. These ecosystems are also important for the maintenance of 

fauna; for example, grasslands contain 11 percent of the world’s endemic bird areas 

(White et al., 2000: 40), and contribute to the maintenance of pollinators and other 

insects that have important regulating functions. Ecosystem benefits, especially 

regulating services such as water infiltration and purification, climate regulation 

(e.g. carbon sequestration) and pollination, have begun to be assigned an economic 

value, and systematic data-gathering in rangelands of both developed and develop-

ing countries should be a global priority. 
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Over 600 million people depend on rangelands for their livelihoods. Pastoral soci-

eties have developed strategies that continuously adapt to limited, highly variable 

and unpredictable resource endowments (e.g. by migratory livestock rearing), but 

both the rangelands and their users are also vulnerable to the changes brought by 

demographic pressure, conversion of cropland (Box 1.2) and climate change. Fluc-

tuations in rainfall and drought are recurring problems in rangelands – for example, 

70 million people in the Horn of Africa, many of whom are pastoralists, suffer 

from long-term chronic food insecurity (FAO, 2000). Table 1.11 lists major pastoral 

systems and illustrates how they evolve with time. 

Significant amounts of carbon are lost from drylands due to poor management, 

driven largely by increasing human and livestock pressures. Due to degradation, 

dryland soils are now far from being saturated in carbon and their potential to 

sequester carbon may be very high. It has been estimated that improved range-

BOX 1.2: CONVERSION OF PASTURE TO CULTIVATION IN 
NORTH AFRICA, THE NEAR EAST AND THE MEDITERRANEAN

Escalating human and livestock populations combined with loss of traditional grazing 
rights have led to serious overstocking and degradation of pastures around the 
Mediterranean littoral. Much semi-arid land has been ploughed for annual cropping, which 
is unsustainable under current practices. Livestock production systems are changing 
through intensification, the gradual control of animal diseases and commercialization 
of livestock products, particularly in peri-urban areas. Drought and desertification 

processes are being exacerbated by climate change.

Photo: G. Schwilch

Degraded pastureland in Morocco
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land management has the biophysical potential to sequester 1 300–2 000 Mt CO2eq 

worldwide to 2030 (Tennigkeit and Wilkes, 2008). Strategies to increase the stock 

of carbon in rangelands include restoring soil organic matter and root biomass, 

thereby enhancing soil biota (e.g. rehabilitation with improved legumes and 

grasses; manure cycling and agroforestry; erosion control; afforestation and forest 

restoration; optimal livestock densities; water conservation and harvesting; land-

use change, such as from crops to grass/trees; set-aside). However, there are still 

significant gaps in knowledge about dryland carbon sequestration potential, accept-

able methodologies and cost–benefit analysis of carbon-sequestering practices for 

small-scale rural farmers and pastoralists.

Fodder and grasslands
Grasslands (including rangelands, shrubland, pasture land, and cropland sown 

with pasture trees and fodder crops) occupy almost 30 percent of the emerged ice-

free land areas. Fodders and pastures cover over 60 percent of the world’s agri-

cultural land (FAO, 2010b). Fodder and grasslands are multipurpose: they provide 

essential ecosystem services and support livelihoods in a number of ways (e.g. as a 

�J�H�Q�H�W�L�F���U�H�V�R�X�U�F�H���I�R�U���I�R�R�G���S�U�R�G�X�F�W�L�R�Q���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���S�U�R�G�X�F�W�L�R�Q���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q�����D�V��

a resource for energy production; as a raw material in industrial production; and 

for carbon sequestration). Many permanent fodder and grassland areas are used for 

Zone Main Species Current Status

Sub-Saharan Africa Cattle, camel, sheep, goats Declining due to  
advancing agriculture

Mediterranean Small ruminants Declining due to enclosure  
and advancing agriculture

Near East and South-Central Asia Small ruminants Declining in some areas due 
to enclosure and advancing 
agriculture

India Camel, cattle, sheep, goats Declining due to advancing 
agriculture but peri-urban 
livestock production expanding

Central Asia Yak, camel, horse, 
sheep, goats

Expanding following  
de-collectivization

Circumpolar Reindeer Expanding following  
de-collectivization in Siberia,  
but under pressure in Scandinavia

North America Sheep, cattle Declining with increased 
enclosure of land and alternative 
economic opportunities

Andes Llama, alpaca Contracting llama production 
due to expansion of road systems 
and European-model livestock 
production but expansion of 
alpaca wool production

Source: Bleach (1999)

TABLE 1.11: REGIONAL ZONATION OF PASTORAL SYSTEMS
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watershed protection, polluted-land rehabilitation and bio-energy production. The 

�V�X�V�W�D�L�Q�D�E�O�H�� �L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q�� �R�I�� �F�U�R�S�²�O�L�Y�H�V�W�R�F�N�� �V�\�V�W�H�P�V�� �E�D�V�H�G�� �R�Q�� �L�P�S�U�R�Y�H�G�� �P�D�Q�D�J�H-

�P�H�Q�W���R�I���I�R�G�G�H�U�V�����J�U�D�V�V�O�D�Q�G�V���D�Q�G���U�D�Q�J�H�O�D�Q�G�V���F�R�X�O�G���W�K�H�U�H�I�R�U�H���F�R�Q�W�U�L�E�X�W�H���V�L�J�Q�L�À�F�D�Q�W�O�\��

to the enhancement of sustainable development on a wide scale (Box 1.3). Glob-

ally, grassland soils have the potential to sequester 0.2–0.8 Gt CO2 per year by 2030, 

depending on grazing and other management practices applied. Grassland cover 

�F�D�Q���F�D�S�W�X�U�H�������²�������S�H�U�F�H�Q�W���P�R�U�H���Z�D�W�H�U�����U�H�G�X�F�L�Q�J���U�L�V�N�V���R�I���G�U�R�X�J�K�W�V���D�Q�G���Á�R�R�G�V�����7�K�H�V�H��

attributes taken together are critical for climate change mitigation and adaptation.

The crop–livestock sector provides livelihoods to the majority of smallholders 

around the world, and rapidly increasing demand for livestock products implies 

that means must be found to decrease the production footprint of livestock systems. 

This is an urgent rationale for integrated crop–livestock systems, for which crop 

residues provide feed for livestock, which in turn produce manure to fertilize crops, 

in on-site or within-landscape nutrient cycling. Although they have been a feature 

of traditional agriculture for centuries, integrated crop–livestock systems are now 

benefiting from synergistic components provided by the modern crop, livestock and 

agroforestry sectors. 

Grasslands are important to the livelihoods of almost a billion people, including 

some 200 million pastoralist households. Improving crop intensification and diver-

sification practices through the introduction of fodders, forage legumes and mixed 

grass–forage species, efficient use of manure and nutrient management, and diver-

sification of crop and livestock production at farm level, will assist these people to 

increase the stability of their incomes and the efficient use of their soil and water 

resources, and to improve the mitigation and adaptation potential of their agricul-

tural practice. 

Inland fisheries and aquaculture
�*�O�R�E�D�O�O�\�����O�D�N�H�V�����U�H�V�H�U�Y�R�L�U�V���D�Q�G���Z�H�W�O�D�Q�G�V���L�P�S�R�U�W�D�Q�W���I�R�U���L�Q�O�D�Q�G���À�V�K�H�U�L�H�V���F�R�Y�H�U���D�Q���D�U�H�D��

of about 7.8 million km 2. Relatively high proportions of land are covered with surface 

BOX 1.3: FODDER GRASSES FOR FEED AND FUEL FOR ENERGY

Today we utilize large amount of plant produce for animal feed, and we need to 

rethink our systems by improving the use of flexible fodders that can provide feed, 

fuel, carbon sequestration, increase biodiversity of the ecosystem and improved soil 

fertility, according to the economic and sustainability priorities of the farmer. Among 

such fodders are Pennisetum purpureum (elephant grass), Miscanthus giganteus 

(switchgrass) and Setaria spp. They produce high biomass yields, can be converted to 

biofuels in biorefineries and leave a surplus of fodder for livestock production. They also 

contain material that can be utilized as raw material in industry.
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waters in Southeast Asia, North America, east and central West Africa, the northern 

�S�D�U�W���R�I���$�V�L�D�����(�X�U�R�S�H���D�Q�G���6�R�X�W�K���$�P�H�U�L�F�D�����)�$�2�����������D�������,�Q�O�D�Q�G���À�V�K�H�U�L�H�V���U�H�S�U�H�V�H�Q�W���D�Q��

�H�[�W�U�H�P�H�O�\���G�L�Y�H�U�V�H���D�F�W�L�Y�L�W�\���W�K�D�W���L�Q�F�O�X�G�H�V���O�D�U�J�H���V�F�D�O�H���L�Q�G�X�V�W�U�L�D�O���À�V�K�L�Q�J�����D�V���Z�H�O�O���D�V���V�P�D�O�O��

�V�F�D�O�H���D�Q�G���V�X�E�V�L�V�W�H�Q�F�H���À�V�K�L�Q�J���W�K�D�W���U�H�T�X�L�U�H���O�L�W�W�O�H���R�U���Q�R���À�Q�D�Q�F�L�D�O���L�Q�Y�H�V�W�P�H�Q�W���L�Q���R�U�G�H�U���W�R��

�S�D�U�W�L�F�L�S�D�W�H�����$�V���V�X�F�K�����L�Q�O�D�Q�G���À�V�K�H�U�L�H�V���S�U�R�Y�L�G�H���T�X�D�O�L�W�\���Q�X�W�U�L�W�L�R�Q�����O�L�Y�H�O�L�K�R�R�G���R�S�S�R�U�W�X�Q�L-

ties and a safety net for the poor when other food production sectors may fail. 

About 90 percent of inland fish is caught in developing countries and 65 percent is 

caught in low-income, food-deficit countries. Asia and Africa regularly account for 

about 90 percent of reported landings. The reported harvest from the world’s inland 

fisheries has grown from 2 million tonnes in 1950 to over 10 million tonnes in 2008. 

However, the production is believed to be much higher, as much of the small-scale 

and subsistence fishing is not registered. Large-scale and industrial inland fisheries, 

for example on the Great Lakes of Africa, can produce hundreds of millions of US 

dollars’ worth of fish, which are often exported (FAO, 2010a).

Globally, aquaculture has increased from less than 1 million tonnes of annual 

production in 1950 to 52.5 million tonnes in 2008, and accounts for 45.7 percent of 

the world’s food fish production for human consumption (FAO, 2010a). Integrated 

approaches to land and water use have been successfully applied in many parts 

of the world (FAO/ICLARM/IIRR, 2001; Halwart and Van Dam, 2006). Rice–fish 

culture, often operating at family scale with renovated paddy fields, has expanded 

rapidly among rice farmers in China in recent decades, and the total area of 

rice fields used for aquaculture was 1.47 Mha in 2008. Cage aquaculture in both 

freshwater lakes and rivers has flourished in many countries, as a very efficient 

non-consumptive use of freshwaters. 

Asia (and especially China) has the greatest freshwater aquaculture production in 

relation to land area and water surface area, although some European and African 

countries are also significant, while the Americas have relatively low freshwater 

aquaculture production per unit area of land or water, although the potential is 

there (Bostock et al., 2010; Aguilar-Manjarrez et al., 2010). While in Africa and Latin 

America there is still important room for freshwater aquaculture growth, the use of 

freshwaters for this sector will become more restricted due to urban development 

and high competition for land, and especially freshwater resources in countries 

and regions with high population density, such as in Asia. Fish production in the 

coastal and offshore marine environment offers alternative and new opportunities 

for aquaculture and for the supply of world food fish when freshwater and land 

become more scarce (FAO, 2010a).
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Agricultural demand towards to 2050

Demand for food and fibre towards 2050
It is expected that world population will grow from the current about 6.9 billion 

�W�R�� �D�E�R�X�W�� ���� �E�L�O�O�L�R�Q�� �L�Q�� ������������ �'�H�P�D�Q�G�� �I�R�U�� �I�R�R�G�� �D�Q�G�� �À�E�U�H�� �Z�L�O�O�� �J�U�R�Z���P�R�U�H�� �T�X�L�F�N�O�\�� �D�V��

incomes and standards of nutrition rise and populations move towards more land-

and water-intensive diets, in particular the consumption of more meat and dairy 

products. Current trends and model simulations indicate that global cereal demand 

will grow from roughly 2.1 billion tonnes today to about 3 billion tonnes in 2050 

(FAO, 2006b). Thus, by 2050, the world will be demanding the production of almost 

an extra billion tonnes of cereal grain annually, and 200 million additional tonnes of 

livestock products. 

Production response 
Estimates of growth in crop production (Bruinsma, 2009) are that world agricultural 

production could rise by about 1.3 percent annually to 2030 and by 0.8 percent annu-

ally over the period 2030–50. To keep pace with population growth, food production 

is expected to rise slightly faster in developing countries than in developed coun-

tries: 1.5 percent a year from 2005–2030, and 0.9 percent a year over 2030–50. These 

estimates are based on an assessment of production capacity to respond to effec-

tive demand. Globally, the result would be a 43 percent increase in output by 2030, 

and 70 percent by 2050 over 2005–7 levels. Regionally, the fastest rates of growth of 

cereals production are anticipated in sub-Saharan Africa, where demographic pres-

sure remains strong, and in Latin America and Australasia, where there is scope for 

expansion of commercial food production (Table 1.12).

These rates are lower than those over the last half-century (Table 1.12). Estimates 

of future growth are based on projections that about four-fifths of the growth in 

developing countries could come from intensification in the form of yield increases 

(71 percent) and higher cropping intensities (8 percent). The share of intensifica-

tion would be even higher in land-scarce regions such as South Asia (95 percent), 

and Near East and North Africa (100 percent). By contrast, arable land expansion 

is expected to remain a factor in crop production growth in some areas of sub-

Saharan Africa and Latin America, although less so than in the past (Bruinsma, 

2009). However, this is likely to lead to losses in important ecosystem and cultural 

services. Furthermore, even with a doubling of production in developing countries 

by 2050, 5 percent of their population would remain undernourished (Table 1.13).
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TABLE 1.12: HISTORICAL AND PROJECTED GROWTH IN CEREAL PRODUCTION

Continent
Regions

Annual growth in cereal production (%)

1961…2006 2006…2050

 Africa  2.4  1.9

Northern Africa  3.0  1.6

Sub-Saharan Africa  2.3  2.0

Americas  2.0  1.2

Northern America  1.8  1.0

Central America and Caribbean  1.7  1.8

Southern America  2.6  1.7

Asia  2.5  0.7

Western Asia  2.4  1.0

Central Asia  1.1  0.8

South Asia  2.3  1.1

East Asia  2.5  0.3

Southeast Asia  2.9  0.8

Europe  1.1  0.3

Western and Central Europe  1.5  0.2

Eastern Europe and Russian Federation  0.3  0.5

Oceania  2.3  2.0

Australia and New Zealand  2.3  2.0

Pacific Islands - -

World  2.0  0.9

High-income  1.6  0.8

Middle-income  2.1  0.8

Low-income  2.4  1.2

Low-income food de“cit  2.7  0.9

Least-developed  1.9  1.9

Source: FAO (2010a)

TABLE 1.13: PROJECTED GROWTH IN AGRICULTURAL PRODUCTION: MOST LIKELY OUTCOMES

Agricultural production index Remaining undernourished

2005…7 2030 2050 % Millions

World 100 143 170 n.a. n.a.

Developing countries 100 158 197 4.8 370

Source: Alexandratos (2009)
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Implications for irrigated agriculture

Potential for intensification in irrigation
The area equipped for irrigation is projected to increase by about 6 percent by 

2050. Water withdrawals for irrigation are projected to increase by about 10 percent 

by 2050. Irrigated food production is projected to increase by 38 percent, due to 

projected increases in cropping intensities and increases in productivity (Tubiello 

and van der Velde, 2010). Overall, the scope to improve both land and water produc-

tivity on irrigation schemes is considerable, as illustrated by the large discrepancies 

observed between schemes and within schemes. 

It is projected that cropping intensities on irrigated land actually in use will 

increase worldwide from 127 percent to 129 percent by 2050. In developing countries, 

higher intensities are expected, rising from 143 percent in 2005–7 to 147 percent by 

2050 (Bruinsma, 2009; Frenken, 2010). These increases are technically feasible, and 

the best-managed systems already have cropping intensities of 200 percent or more. 

�.�H�\�� �I�D�F�W�R�U�V�� �L�Q���D�F�K�L�H�Y�L�Q�J�� �K�L�J�K�H�U���L�Q�W�H�Q�V�L�W�L�H�V�� �Z�L�O�O���E�H���P�R�G�H�U�Q�L�]�D�W�L�R�Q���R�I�� �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��

and institutional change to improve water service, together with the development 

of profitable agricultural markets (Nachtergaele et al., 2010b). 

Scope for expanding irrigated area
�7�K�H���S�R�W�H�Q�W�L�D�O���I�R�U���H�[�S�D�Q�V�L�R�Q���R�I���L�U�U�L�J�D�W�H�G���D�U�H�D�V���L�V���G�L�I�À�F�X�O�W���W�R���H�V�W�D�E�O�L�V�K�����3�D�V�W���H�I�I�R�U�W�V���E�\��

countries to assess their irrigation potential have resulted in estimates that combine 

land and water resources, economic and environmental considerations. Yet irrigation 

potential should be calculated on the basis of river basins, the logical geographical unit 

for water resources. When countries share common rivers, the risk is that the same 

water is double-counted in assessing irrigation potential in several countries. Further-

more, many irrigation potential estimates date from when environmental concerns 

were less acute and other sectors of water use were less demanding than today. 

While potential for irrigation development is still abundant in several water-rich 

regions, it is in water-scarce regions where limits have already been reached. Sub-

Saharan Africa and Latin America are the two regions that have exploited the least 

of their evaluated irrigation potential. In sub-Saharan Africa there is technically 

ample scope for expansion of irrigation. Highland areas such as the Fouta-Djallon 

and the Ethiopian highlands, for example, produce high volumes of runoff, but 

have low levels of water infrastructure. Subject to the availability of suitable sites 

and favourable economics, areas such as these could see diversion and development 

of irrigated agriculture. At the other extreme, the countries of Northern Africa, West 

Asia, Central Asia, and large parts of South Asia and East Asia have reached or are 

reaching their potential. Among these countries, FAO estimates that eight countries 
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have expanded their irrigation beyond its potential, while 20 countries (including 

China) are above 75 percent of their potential. 

The rate of expansion of land under irrigation is slowing substantially. Based 

on a comparison between supply (irrigation potential) and demand (for agricul-

tural products), FAO has projected that the global area equipped for irrigation 

may increase at a relatively modest rate to reach 318 Mha in 2050, compared with 

around 301 Mha in 2006 (Table 1.14). This would represent an increase of around 

6 percent (0.12 percent per year). Most of this expansion is projected to take place 

in developing countries. This rate of increase is much slower than in recent years; 

between 1961 and 2009, irrigated area worldwide grew at 1.6 percent a year, and at 

over 2 percent in the least-developed countries.

TABLE 1.14: AREA EQUIPPED FOR IRRIGATION PROJECTED TO 2050

Continent
Regions

Year

Area equipped for irrigation

Area (million hectares) Annual growth (%)

  1961   2006   2050  1961…2006   2006…2050

 Africa 7.4 13.6 17.0 1.3 0.5

Northern Africa 3.9 6.4 7.6 1.0 0.4

Sub-Saharan Africa 3.5 7.2 9.4 1.5 0.6

Americas 22.6 48.9 46.5 1.6 Š0.1

Northern America 17.4 35.5 30.0 1.5 −0.4

Central America and Caribbean 0.6 1.9 2.4 2.5 0.5

Southern America 4.7 11.6 14.1 1.9 0.5

Asia 95.6 211.8 227.6 1.7 0.2

Western Asia 9.6 23.6 26.9 1.9 0.3

Central Asia 7.2 14.7 15.0 1.5 0.0

South Asia 36.3 85.1 85.6 1.8 0.0

East Asia 34.5 67.6 76.2 1.4 0.3

Southeast Asia 8.0 20.8 23.9 2.0 0.3

Europe 12.3 22.7 24.6 1.3 0.2

Western and Central Europe 8.7 17.8 17.4 1.5 0.0

Eastern Europe and Russian Federation 3.6 4.9 7.2 0.6 0.9

Oceania 1.1 4.0 2.8 2.7 Š0.8

Australia and New Zealand 1.1 4.0 2.8 2.7 −0.8

Pacific Islands 0.001 0.004 – 2.9 –

World 139.0 300.9 318.4 1.6 0.1

High-income 26.7 54.0 45.1 1.5 −0.4

Middle-income 66.6 137.9 159.4 1.5 0.4

Low-income 45.8 108.9 113.8 1.8 0.1

Low-income food-de“cit 82.5 187.6 201.9 1.7 0.2

Least-developed 6.1 17.5 18.4 2.2 0.1

Sources: FAO (2006b, 2010b,c)
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The expansion of the area equipped for irrigation is projected to be strongest (in 

absolute terms) in the more land-scarce regions hard-pressed to raise crop produc-

tion through more intensive cultivation practices. Middle-income countries are 

projected to add 21 Mha, and the low-income food-deficit countries about 14 Mha. 

By contrast, high-income countries in North America, Western Europe and Austral-

asia are expected to reduce their irrigated area. Irrigated areas in Eastern Europe, 

the Russian Federation and Central Asia are expected to return towards the levels 

prior to the break-up of the Soviet Union. Although the overall arable area in China 

is expected to decrease further, the irrigated area is projected to continue to expand 

through conversion of rainfed land. Most of the expansion of irrigated land will be 

achieved by converting land in use in rainfed agriculture into irrigated land. The 

pressure on water resources will continue to increase everywhere, even in places 

where water resources are already stretched, like Northern Africa and large parts of 

Asia (Table 1.15). 

Non-conventional sources of water
Use of non-conventional sources of water as an alternative to freshwater, although 

currently a minor source, is increasing in certain regions and countries. Globally, 

only 1 percent of the water used in agriculture consists of treated wastewater or 

desalinated water. However, in regions such as the Arabian Peninsula, the rate of 

�X�V�H�� �L�V�� �D�U�R�X�Q�G�� ������ �S�H�U�F�H�Q�W���� �D�Q�G�� �L�Q�� �F�R�X�Q�W�U�L�H�V�� �V�X�F�K�� �D�V�� �.�X�Z�D�L�W���� �0�D�O�W�D�� �R�U�� �4�D�W�D�U���� �Q�R�Q��

conventional sources of water constitute more than 50 percent of the water used, of 

which around 40 percent is desalinated water and 10 percent wastewater. The top 

�À�Y�H���F�R�X�Q�W�U�L�H�V���U�H�S�R�U�W�L�Q�J���W�K�H���K�L�J�K�H�V�W���D�Q�Q�X�D�O���S�H�U���F�D�S�L�W�D���Y�R�O�X�P�H���R�I���W�U�H�D�W�H�G���Z�D�V�W�H���Z�D�W�H�U��

�X�V�H�G���I�R�U���L�U�U�L�J�D�W�L�R�Q�����F�X�E�L�F���P�H�W�U�H�V���S�H�U���\�H�D�U���S�H�U���F�D�S�L�W�D�����D�U�H���.�X�Z�D�L�W�������������������8�Q�L�W�H�G���$�U�D�E��

�(�P�L�U�D�W�H�V�� ���������������� �4�D�W�D�U�� ���������������� �,�V�U�D�H�O�� �������������� �D�Q�G�� �&�\�S�U�X�V�� �����������������0�D�W�H�R���6�D�J�D�V�W�D�� �D�Q�G��

Burke, 2010). While desalinated water is still rarely used for irrigated agriculture, 

mainly because of the high cost of desalination, peri-urban agriculture often relies 

on urban wastewater to satisfy water needs. 

Implications for rainfed agriculture

Although irrigated agriculture is expected to produce most of the increased produc-

tion needed in coming years, rainfed agriculture, which currently accounts for 

60 percent of all agricultural output in developing countries, will remain an impor-

tant contributor to the world’s food production. Bruinsma (2003) projected that 

43 percent of the production increment over 1997–2030 would come from rainfed 

agriculture. If considerable expansion of rainfed cultivated area is to be avoided, the 

productivity of rainfed cultivation would need to rise. 
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Opportunities for expansion of rainfed agriculture
In some areas, cultivated land is already very limited in relation to population. Over-

all, developing countries are more constrained by land shortages than developed 

countries. Availability of cultivated land per capita in the developed world (0.5 ha) 

is twice that of developing countries (0.2 ha). The per capita availability of cultivated 

land is less than 0.1 ha in East Asia, compared to more than 2 ha in Australia. Apart 

TABLE 1.15: ANNUAL LONG-TERM AVERAGE RENEWABLE WATER 
RESOURCES AND IRRIGATION WATER WITHDRAWAL, 2006, 2050

Continent
Regions

Precipitation
(mm)

Renewable 
water 
resources *
(km3)

Water use
ratio **
(%)

Irrigation 
water 
withdrawal
(km3)

Pressure on 
water resources 
due to irrigation
(%)

2006 2050 2006 2050 2009 2050

 Africa  678 3 931  48  53  184  222  5  6

Northern Africa 96  47  69  81 80  95  170  204

Sub-Saharan Africa  815 3 884  30  32 105  127  3  3

Americas 1 091 19 238  41  41  385  438  2  2

Northern America  636 6 077  46  46 258  244  4  4

Central America and Caribbean 2 011  781  30  33 15  23  2  3

Southern America 1 604 12 380  28  29 112  171  1  1

Asia  827 12 413  45  48 2 012 2 073  16  17

Western Asia  217  484  47  56 227  251  47  52

Central Asia  273  263  48  50 150  133  57  50

South Asia 1 602 1 766  55  58 914  889  52  50

East Asia  634 3 410  37  42 434  458  13  13

Southeast Asia 2 400 6 490  19  21  287  342  4  5

Europe  540 6 548  48  48  109  100  2  2

Western and Central Europe  811 2 098  43  43 75  81  4  4

Eastern Europe and  
Russian Federation  467 4 449  67  67 35  19  1  0

Oceania  586  892  41  41  19  25  2  3

Australia and New Zealand  574  819  41  41 19  25  2  3

Pacific Islands 2 062  73 – –  0.05     – – –

World  809 43 022  44  47 2 710 2 858  6  7

High-income  622 9 009  45  45  383  317  4  4

Middle-income  872 26 680  39  42 1 136 1 330  4  5

Low-income  876 7 332  50  52 1 191 1 212  16  17

Low-income food-de“cit  881 13 985  48  51 1 813 1 992  13  14

Least-developed  856 4 493  28  31  190  263  4  6

* Refers to internal renewable water resources; excludes ‘incoming flows’ at the regional level.
** The water use ratio is the ratio of the irrigation water requirement to the amount of water withdrawn  
for irrigation

Source: FAO (2010c)
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FIGURE 1.6: CULTIVATED LAND, PER CAPITA, 2000, 2050
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from Central Asia, no region of the developing world has as much land per capita as 

the developed world average (Figure 1.6), and the situation is deteriorating. 

Under strong demographic pressure in the coming decades, the per capita avail-

ability of land in developing countries is expected to halve (to 0.12 ha) by 2050, result-

ing in increasing pressures for expanding the cultivated area (Fischer et al., 2010). 

Suitability of further land for cultivation
Worldwide, land suitable for cropping (prime and good categories combined) 

is about 4.4 billion ha (4.0 billion ha if areas with protected status are excluded). 

This is considerably more than the 1.6 billion ha currently cultivated (Table 1.16). 

There is thus a large area of currently uncultivated land that could theoretically be 

brought into production. However, much of this land is effectively not available 

for crop production. In addition, it is generally of lower food potential than exist-

ing cultivated land: much of the presently agriculturally unused land suffers from 

constraints such as ecological fragility, low fertility, toxicity, high incidence of disease 

or lack of infrastructure. These constraints reduce productivity, require high input 

use and management skills to permit its sustainable use, or require prohibitively 

high investments to be made accessible or disease-free. Fischer et al. (2002) show that 

over 70 percent of the land with rainfed crop production potential in sub-Saharan 

Africa and Latin America suffers from one or more of these constraints.
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Thus, much of the land would be capable of producing only at low to medium 

average yields. Typical medium average yields for winter wheat are in the range  

3–5 t/ha, or for wetland rice 3–6 t/ha. Only with very intensive management and 

high levels of inputs could most of these lands produce maximum attainable yields 

of up to 10t/ha for winter wheat and 9t/ha for wetland rice. In addition, there 

would be a high opportunity cost to conversion from existing land use. All of this 

land currently forms part of existing ecosystems with high economic, social and 

environmental value, which would be lost by change of use. A large fraction may 

not available for crop production due to its protected status, its carbon sequestra-

tion and biodiversity value (including forests), and its current use for feeding the 

world’s 3.5 billion ruminant livestock (Fischer et al., 2010). 

Finally, land with crop production potential not in agricultural use is unevenly 

distributed between regions and countries, and does not always correspond to 

where the market and economic opportunities for expanded production exist. In the 

developing world, the regions with the largest apparent potential for agricultural 

expansion are sub-Saharan Africa and Southern America. In the developed world, 

Europe, Russia, Northen America and Australia have large areas of suitable land. 

Half of the total balance is concentrated in just seven countries: Brazil, Democratic 

Republic of the Congo, Angola, Sudan, Argentina, Colombia and Bolivia. At the 

other extreme, there is virtually no spare land available for agricultural expansion 

in the agricultural areas of South Asia, East Asia, the Near East and Northern Africa. 

Conclusions

This chapter has shown how global land and water resources have been exploited to 

respond to large increase in demand. Most of the additional agricultural production 

�K�D�V���E�H�H�Q���G�H�U�L�Y�H�G���I�U�R�P���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q�����S�D�U�W�L�F�X�O�D�U�O�\���R�Q���S�U�L�P�H���D�J�U�L�F�X�O�W�X�U�D�O���O�D�Q�G���Z�L�W�K��

TABLE 1.16: GLOBAL AVAILABILITY AND QUALITY OF LAND RESOURCES SUITABLE FOR 
CROP PRODUCTION (VALUE IN BRACKETS EXCLUDES LAND WITH PROTECTION STATUS)

Land quality

Cultivated 
land  
(billion ha)

Grassland 
and woodland 
ecosystems 
(billion ha)

Forest land 
(billion ha)

Other land 
(billion ha) Total (billion ha)

Prime land 0.4 0.4 (0.3) 0.5 (0.4) 0.0 1.3 (1.2)

Good land 0.8 1.1 (1.0) 1.1 (1.0) 0.0 3.1 (2.8)

Marginal land 0.3 0.5 (0.5) 0.3 (0.3) 0.0 1.1 (0.9)

Not suitable 0.0 2.6 (2.3) 1.8 (1.5) 3.4 (3.0) 7.8 (6.9)

Total 1.6 (1.5) 4.6 (4.1) 3.7 /(3.2) 3.4 (3.0) 13.3 (11.8)

Source: Fischer et al. (2010)
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the application of irrigation. Rainfed systems in the tropics and mountain regions, 

by contrast, have exhibited slower increases in productivity and have proved more 

vulnerable to food insecurity and poverty. Many uses of land and water systems are 

continuing to impose negative impacts on ecosystem services, both on- and off-site. 

Yet world food production could increase by 70 percent over the next 40 years (and 

could double in developing countries). While it is likely that production will respond 

to rising demand, it is the way it will achieve it that will be important. Success will 

therefore be measured not just in terms of a stable and reliable supply of quality food 

for the world’s population. The environmental sustainability of the main land and 

water systems, and their capacity to satisfy the livelihood requirements of both urban 

and rural populations, will be important criteria as well.  

 

Policy-makers will need to take decisions on trade-offs between production and 

environment. It is only in the light of full information on the consequences for socio-

economic outcomes and environmental impacts that decisions can be make. Deci-

sions will need to be accompanied by measures to reduce negative impacts of policy 

decisions, and risks will require management if production is to meet rising demand 

without further degradation of land and water resources, or without compromising 

food security and poverty targets.
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Chapter 2

SOCIO-ECONOMIC PRESSURES 
AND INSTITUTIONAL SET-UP
Population increase and changed consumption patterns are the 

major drivers of the pressures on land and water systems that have 

been described in Chapter 1. Social and cultural dependency on land 

and water has changed as agricultural transitions and urbanization 

have accelerated in a more interconnected world. Many inter-related 

policies (including trade, rural subsidy regimes and production 

incentives) have promoted land and water use. But land and water 

management tends to lag behind macro-economic policy and sector 

development plans. In many cases active management has occurred 

only after environmental degradation has occurred. 

This lack of natural resource perspective continues even where a 

limited natural resource base and high population growth rates are 

placing extreme pressure on resources. In short, macro-economic 

planners tend to be more concerned with supply and demand for 

agricultural products than with the supply of natural resource inputs 

and whether these are constrained or are reaching limits. 



The large-scale spatial management of land and water systems 

started with the rise of river valley civilizations and associated agrarian 

development. More recently, land and water institutions have evolved to 

facilitate the success of intensive crop production associated with the 

breakthrough in genetic research – the so-called ‘green revolution’. 

But in practice, few successful institutions have been developed 

specifically for integrated land and water management. Recent 

research has found that land and water institutions have not kept pace 

with patterns of use and competition, and have rarely succeeded in 

regulating environmental and economic impacts. In this respect, policy 

alignment and institutional integration have remained an aspiration 

rather than an operational reality. Land-use and agriculture planning, 

for example, is often decoupled from river basin planning and 

operational management for hydropower or navigation purposes.  

As a result, it can be argued that economic opportunities have been 

forgone and that a return to a much better-informed, more  

knowledge-rich integration of land and water is warranted. 

This chapter examines the current state of institutions for land and 

water, and how they have both driven ever higher levels of output, as 

well as providing too little for social, economic and environmental 

sustainability. This has been to the detriment of the land and 

water resource base and related ecosystems, and has had severe 

implications for poverty and food insecurity. 
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Socio-economic dependency on land and water

As agriculture becomes more productive, output per unit of land and per capita 

grows, incomes can be expected to rise, poverty reduces and food security improves, 

leading to reinvestment in the rural economy. In general, more intensive agriculture 

through irrigation has often arisen where the variability of rainfed production has 

proved intolerable. However, intensive agriculture has not always resulted in more 

rural employment and in many cases public agencies with limited budgets have 

had to make choices about the most desirable styles of agriculture. For instance, 

public investment in promoting rainfed agriculture may generate high distributional 

impacts but lower total growth when compared with investment in irrigated agricul-

�W�X�U�H�����Z�K�H�U�H���J�U�R�Z�W�K���F�D�Q���E�H���K�L�J�K���E�X�W���E�H�Q�H�À�F�L�D�U�L�H�V���I�H�Z�H�U�����7�K�H�V�H���F�R�Q�V�L�G�H�U�D�W�L�R�Q�V���Q�R�W�Z�L�W�K-

standing, the worldwide distribution of undernourished and food-insecure people, 

including those in countries in protracted crises, remains varied (FAO and WFP, 2010) 

and cannot always be linked to levels of agricultural productivity. Population pres-

sure in resource-poor countries remains a key driver (Alexandratos, 2005, 2009).

The links between poverty, access to land and water, and land degradation 
Worldwide, the poorest either have no land or have the lowest access to land and 

water (Figure 2.1), and low access to land is a predictor of poverty. In addition, poor 

resource management and type of farming system are also linked to poverty. The 

�S�R�R�U�H�V�W���R�I�W�H�Q���K�D�Y�H���W�K�H���O�H�D�V�W���G�L�Y�H�U�V�L�À�H�G���I�D�U�P�L�Q�J���V�\�V�W�H�P�V�����+�R�Z�H�Y�H�U�����Q�R�W���D�O�O���W�K�H���S�R�R�U��

live in lands considered degraded (Figure 2.2). Worldwide, only 16 percent of the 

poor live in degraded areas. Small changes in ecosystem health, in poor and popu-

�O�R�X�V���D�U�H�D�V���K�D�Y�H���D���V�L�J�Q�L�À�F�D�Q�W���H�I�I�H�F�W�����L�U�U�H�V�S�H�F�W�L�Y�H���R�I���W�K�H���F�X�U�U�H�Q�W���H�F�R�V�\�V�W�H�P���V�W�D�W�X�V�����D�V���W�K�H��

poor are heavily dependent on ecosystem health and the small surpluses they obtain 

can be wiped out by small negative changes in system health.

A wide variety of monetary and non-monetary indicators have been used to assess 

poverty levels (Coudouel et al., 2002). FAO uses stunting among young children as 

a poverty-related chronic undernourishment measure (Gross et al., 1996; FAO and 

FIVIMS, 2003). Indeed, where a single indicator of poverty is sought, ‘stunting 

prevalence is one of the most reliable and most suitable indicators for monitoring 

and assessing poverty’ (Simondon, 2010). Map 2.1 shows the prevalence of stunt-

ing among children under five years of age. It shows that high concentrations of 

poverty are found in Africa and Asia, particularly in sub-Saharan Africa and India. 

In sub-Saharan Africa as a whole, nearly half (45 percent) of the rural population 

are classified as poor. Map 2.2 shows the distribution of the number of poor people 

(based on density distribution of stunted children): in absolute terms, most of the 

world’s poor people live in Asia.
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FIGURE 2.1: PER CAPITA SHARE OF RANGELAND, RAINFED AND IRRIGATED LAND 
BY POVERTY QUINTILES IN RURAL AREAS IN DEVELOPING COUNTRIES

FIGURE 2.2: RELATION BETWEEN LAND DEGRADATION AND POVERTY
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The concentrations of rural poverty can be linked to marginal lands where access 

to land and water is uncertain. Commonly, poor farmers are locked in a poverty trap 

of small, remote plots with no secure tenure, poor-quality soils and high vulner-

ability to land degradation and climatic uncertainty. At the same time, technologies 

and farming systems within their reach are typically low-management, low-input 

systems that often contribute to resource degradation. However, improved farming 

systems can modify the relationship between land and water resources and poverty: 

the likelihood of being poor is much lower (less than half) when improved farming 

systems are employed (Hussain and Hanjra, 2004). Thus, improving land and water 

tenure arrangements and management practices in these areas is likely to have a 

direct positive impact on food insecurity and poverty (Lipton, 2007).

Intensification and poverty reduction
The rapid productivity gains of the green revolution in Asia during the second half 

of the 20th century was achieved through technologies of nitrogen-responsive, short 

season cultivars and application of irrigation. It helped create a ‘springboard’ out of 

poverty in Asia, and provided the foundation for the broader economic and industrial 

development that has occurred in the last 20 years (World Bank, 2005; Huang et al., 

2006). Empirical evidence for a sample of 40 countries shows that for each 1 percent 

improvement in crop productivity, poverty fell by 1 percent and the human develop-

ment index rose by 0.1 percent (Irz et al., 2001). However, it is important to emphasize 

�W�K�D�W�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �W�K�H�� �E�H�Q�H�À�W�V�� �G�H�U�L�Y�H�G�� �I�U�R�P�� �L�Q�F�U�H�D�V�H�G�� �S�U�R�G�X�F�W�L�R�Q�� �D�U�H�� �Q�R�W�� �D�O�Z�D�\�V��

equitable. In many cases it is the poorest losing both land and employment as a result 

�R�I���S�U�R�G�X�F�W�L�R�Q���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q���V�W�U�D�W�H�J�L�H�V�����Z�K�L�F�K���F�R�X�O�G���O�R�Z�H�U���F�R�P�P�R�G�L�W�\���S�U�L�F�H�V���O�R�F�D�O�O�\��

�D�Q�G���U�H�G�X�F�H���L�Q�F�R�P�H�V���I�R�U���S�R�R�U�H�U���S�U�R�G�X�F�H�U�V���Q�R�W���H�Q�J�D�J�H�G���Z�L�W�K���I�D�U�P���L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q��

Irrigation and poverty reduction
A recent study of 26 irrigation schemes across six countries in Asia (Hussain, 2007) 

has furnished evidence that development of large-scale irrigated agriculture reduces 

poverty. The proportion of poor in such irrigated areas is much lower than in rainfed 

ones, especially in Southeast Asia and parts of India. Access to agricultural water 

reduces the incidence and severity of poverty. Agricultural water enables house-

holds to improve and stabilize crop productivity, grow high-value crops, gener-

ate high incomes and employment, and earn a higher implicit wage rate. Income 

inequality and poverty rates are consistently lower for irrigated areas, and house-

holds with access to agricultural water and other inputs are less likely to be poor. 

A key criticism of irrigation development is that it provides benefits to a relatively 

small proportion of the population, giving them considerable value in terms of 

infrastructure and share of water resources (Smith, 2004). This inequity is partially 

offset by the multiplier effect of irrigation in generating additional welfare through 

market activity (inputs, labour, contracting, transport, processing and packaging). 
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Multiplier effects of greater than three have been found by various authors in Asia 

(Bhattarai and Narayanamoorthy, 2003; Hussain and Hanjra, 2004), although Smith 

(2004) assessed the range of multipliers to be from 1.3 to 2. The broader benefits of 

private and communal groundwater development in India have been demonstrated 

to be ‘pro-poor’ (Shah and Singh, 2004).

Irrigation reduces poverty in three ways: increased food output, greater demand 

for employment and higher real incomes. Irrigation also has longer-run effects on 

the poor through the multiplier effect that drives an increase in non-farm rural 

output and employment as the level of rural spending rises. Risk reduction is also 

an important impact of irrigation: reduced variability of output, employment and 

income reduces the vulnerability to risk of the poor. Improved opportunities for 

crop diversification also reduce risk. In turn, reduction in risk allows more produc-

tive investments to be made, and lessens the need for periodic liquidation of capital 

(e.g. livestock) in times of crisis. Other benefits may also accrue, such as reduced 

seasonal rural out-migration and improved girls’ attendance at school.

However, despite these poverty-reducing benefits, many irrigated systems are 

still home to large numbers of poor. Irrigation can also have direct negative impacts 

on the poor in situations where adverse social, health and environmental costs of 

irrigation are so high that they outweigh the benefits received by the poor. Poverty 

incidence is also generally correlated with position within a scheme (tail-enders 

are typically poor) and with inequitable land distribution: irrigation’s impact on 

poverty is highest where landholdings (and thus water) are equitably distributed 

(World Bank, 2008). It is also the case that the introduction of irrigated production 

in food staples can undermine the seasonal progression of producer prices enjoyed 

by rainfed producers who compete in the same local markets (FAO, 2006c).

Multiple uses of water
Beyond agricultural production, irrigation systems and infrastructure can provide 

further services, such as provision of potable water supply (formal and informal), 

�V�W�R�F�N���Z�D�W�H�U�L�Q�J�����Z�D�V�K�L�Q�J���D�Q�G���O�D�X�Q�G�U�\���I�D�F�L�O�L�W�L�H�V�����À�V�K�L�Q�J�����L�Q���S�R�Q�G�V�����U�L�F�H���S�D�G�G�L�H�V�����L�U�U�L-

�J�D�W�L�R�Q���D�Q�G���G�U�D�L�Q�D�J�H���F�K�D�Q�Q�H�O�V�������D�Q�G���Á�X�Y�L�D�O���W�U�D�Q�V�S�R�U�W�����,�Q���V�R�P�H���F�D�V�H�V�����Z�H�O�O���G�H�V�L�J�Q�H�G��

systems provide electricity supply and bulk water (e.g. for cities and towns of the 

Fergana Valley in Central Asia). Despite these many potential uses of irrigation 

water and infrastructure, it is only recently that development projects have system-

�D�W�L�F�D�O�O�\���L�Q�F�R�U�S�R�U�D�W�H�G���W�K�H�V�H���P�X�O�W�L�S�O�H���I�X�Q�F�W�L�R�Q�V���D�Q�G���W�D�N�H�Q���W�K�H�L�U���E�H�Q�H�À�W�V���L�Q�W�R���D�F�F�R�X�Q�W��

in the economic evaluation of irrigation development (Smits et al., 2008; FAO, 2011e).

Fish capture and production is also an important source of livelihood in rural 

areas. While most rural people, particularly in Africa and Asia, identify themselves 

as ‘farmers’, their households are usually engaged in a range of activities. People 
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move and alter their activities in response to seasonal and annual variations, in 

particular the flood cycle. Each piece of land may seasonally serve as farmed field, 

grazing area and fishing ground. The importance of each activity depends on the 

socio-economic status of the people involved and the cultural settings, and is highly 

dynamic, changing as a response to environmental conditions. Such a strategy 

therefore not only ensures a diversified food base, but equally reduces the depen-

dency on any single resource, and thus adds resilience to their livelihoods. Access 

rights change during the hydrologic cycle as ownership usually only applies to the 

land during the dry phase; when fields are flooded, everybody, including landless 

people, have rights to use the resources.

A sectoral approach to improve food security would therefore be counterproduc-

tive, as many rural people are involved in a variety of livelihood activities, inland 

fisheries often being one activity much overlooked. 

Finding the balance between distribution and growth 
As agriculture becomes more productive, output increases and food security 

improves. As agricultural productivity has doubled over the last 40 years, global 

levels of poverty and food insecurity have declined, even though malnourishment 

�K�D�V�� �S�H�U�V�L�V�W�H�G���� �,�Q�W�H�Q�V�L�À�F�D�W�L�R�Q�� �R�I�� �U�D�L�Q�I�H�G�� �D�Q�G�� �L�U�U�L�J�D�W�H�G�� �S�U�R�G�X�F�W�L�R�Q���� �F�R�P�E�L�Q�H�G�� �Z�L�W�K��

reduction of post-harvest losses and more reliable storage and transport, have been 

instrumental. However, these gains have not come without exerting pressure on 

natural capital to the extent that some land and water systems are exploited to their 

limits or degraded beyond economic remediation. The process of agricultural inten-

�V�L�À�F�D�W�L�R�Q���K�D�V���W�\�S�L�F�D�O�O�\�� �D�O�V�R���E�H�H�Q���D�F�F�R�P�S�D�Q�L�H�G���E�\�� �D���G�H�P�R�J�U�D�S�K�L�F���W�U�D�Q�V�L�W�L�R�Q���R�X�W���R�I��

�D�J�U�L�F�X�O�W�X�U�H���D�V���O�D�Q�G���F�R�Q�V�R�O�L�G�D�W�L�R�Q���� �L�Q�W�H�Q�V�L�À�F�D�W�L�R�Q���D�Q�G���P�H�F�K�D�Q�L�]�D�W�L�R�Q���R�I�� �D�J�U�L�F�X�O�W�X�U�H��

proceed, even though labour intensity per hectare is higher in irrigated production.

By contrast, investment in rainfed agriculture generally results in higher distri-

butional impacts but lower income growth outcomes for farmers. A policy choice 

between investing in rainfed agriculture as an instrument of poverty reduction 

with well-distributed impacts and in intensive, irrigated agriculture as an engine 

of growth (World Bank, 2007a) may become apparent when public budgets are 

limited. But generally, where rainfed agriculture is possible, a well-structured agri-

culture sector will have elements of both, with policies ensuring that investments in 

rainfed agriculture optimize growth as well as distribution, and that investments in 

irrigation maximize distributional impacts through a pro-poor strategy. The mini-

mization of negative environmental impacts is critical for both.
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Basic systems of allocation

Land and water management is underpinned by systems of allocation and tenure 

�W�K�D�W���S�U�R�Y�L�G�H���D�F�F�H�V�V�����V�H�F�X�U�L�W�\���D�Q�G���L�Q�F�H�Q�W�L�Y�H�V���I�R�U���S�U�R�À�W�D�E�O�H���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���X�V�H�����7�U�D�G�L-

tional land tenure systems may include protected rights, but often they are commu-

nally held. However, the pace of demographic and economic growth has created 

stresses over allocation and security of tenure, resulting in disputes over land and 

�Z�D�W�H�U�����V�R�P�H�W�L�P�H�V���V�S�L�O�O�L�Q�J���R�Y�H�U���L�Q�W�R���F�R�Q�Á�L�F�W�����,�Q���P�D�Q�\���F�D�V�H�V���W�K�L�V���K�D�V���O�H�G���W�R���Z�L�G�H�V�S�U�H�D�G��

appropriation of communal rights by the powerful. At the same time, a variety of 

modern land tenure institutions have emerged. Formal and informal land tenure 

systems now overlap, although incorporating traditional institutions into modern 

ones remains a challenge. Such institutional adaptation has tended to lag behind the 

economic and social changes it was intended to accommodate. Arguably, the lack of 

secure tenure combined with rigid land markets has resulted in under-investment 

�D�Q�G���L�Q�H�I�À�F�L�H�Q�F�\���L�Q���W�K�H���X�V�H���R�I���U�H�V�R�X�U�F�H�V����

Irrigation water use rights have always been protected, but rapid economic and 

technological change has overwhelmed many traditional rights systems. Attempts 

are being made to recreate local communal institutions through water user associa-

tions (WUAs). At the basin level, competition between irrigation, municipal and 

industrial use, and increasingly hydropower is being addressed, but often there is a 

mosaic of tenure and use rules, so that there are few examples of well-ordered and 

regulated rights in use. At transboundary level, principles of equitable benefit-shar-

ing and no uncompensated harm are accepted by many countries in regional and 

basin level protocols, but, again, are only applied sporadically.

Land tenure
Formal and informal land tenure systems now overlap. Through historic processes of 

competition and dispute resolution, land tenure institutions have been adapted to 

local socio-economic conditions (FAO, 2002a). The predominant form of traditional 

tenure was communal, with well-negotiated rules and norms for individual access. 

The resulting tenure usually provided security and incentives for farmers to invest 

in land and water development. Modern systems of legislation have then tended 

to overlay individual property rights systems on these traditional institutions. As a 

�U�H�V�X�O�W�����P�R�G�H�U�Q���O�D�Z�V���K�D�Y�H���U�D�U�H�O�\���G�H�À�Q�H�G���R�U���S�U�R�W�H�F�W�H�G���F�R�P�P�X�Q�D�O���U�L�J�K�W�V�����,�Q���V�R�P�H���V�L�W�X-

ations, this has led to progressive dispossession and inequity in land distribution. 

Institutional adaptation has been slow. When population densities were low and farm-

ing systems at subsistence level, the tensions implicit in this legal asymmetry were 

largely latent. However, demographic pressures on resources have put stress on 

both resources and traditional institutions. At the same time, rapid technological 
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and economic changes have taken place but have not been accompanied by adapta-

tion of institutions.

�&�R�P�S�H�W�L�W�L�R�Q���D�Q�G���G�L�V�S�X�W�H�V���R�Y�H�U���O�D�Q�G���D�Q�G���Z�D�W�H�U���L�Q���U�D�L�Q�I�H�G���F�X�O�W�L�Y�D�W�L�R�Q���D�U�H�D�V���K�D�Y�H���L�Q�W�H�Q�V�L�À�H�G����

As competition has increased, institutions have not adapted to address emergent 

�F�R�Q�Á�L�F�W���R�Y�H�U���O�D�Q�G���D�Q�G���Z�D�W�H�U�����6�X�F�K���F�R�Q�Á�L�F�W���K�D�V���D�U�L�V�H�Q���I�U�R�P���L�Q�H�T�X�L�W�D�E�O�H���G�L�V�W�U�L�E�X�W�L�R�Q����

with concentration of resources in the hands of a few, and from the appropriation 

of traditional rights, often by former traditional leaders who converted communal 

tenure into private property. Clashes between traditional and modern systems have 

also resulted from changes in land and water use, for example between forest dwell-

ers and agriculturalists, or when settlement agriculture has interrupted traditional 

�S�D�V�W�R�U�D�O���S�U�D�F�W�L�F�H�V�����&�R�Q�Á�L�F�W�V���K�D�Y�H���D�O�V�R���D�U�L�V�H�Q���Z�K�H�Q���O�D�Q�G���X�V�H���F�K�D�Q�J�H�V���K�D�Y�H���F�D�X�V�H�G��

separation of land and water rights previously managed jointly, for example when 

�O�R�F�D�O���Z�D�W�H�U�V�K�H�G�V���W�K�D�W���X�V�H�G���W�R���S�U�R�Y�L�G�H���U�X�Q�R�I�I���W�R���À�H�O�G�V���E�H�O�R�Z���K�D�Y�H���E�H�H�Q���F�R�Q�Y�H�U�W�H�G��

to cultivation.

�&�R�Q�Á�L�F�W���K�D�V���D�O�V�R���D�U�L�V�H�Q���E�H�W�Z�H�H�Q���F�X�O�W�X�U�D�O���J�U�R�X�S�V���Z�L�W�K�L�Q���W�K�H���S�U�R�G�X�F�W�L�R�Q���V�\�V�W�H�P����For example, 

�F�R�Q�Á�L�F�W���E�H�W�Z�H�H�Q���O�D�Q�G�R�Z�Q�H�U�V���D�Q�G���O�D�Q�G�O�H�V�V���O�D�E�R�X�U�H�U�V���K�D�V���O�R�Q�J���H�[�L�V�W�H�G���L�Q���/�D�W�L�Q���$�P�H�U-

ica, and has emerged in Africa between pastoralists and cultivators as population 

pressures on limited land and water resources have increased. In some countries, 

such as Brazil, landlessness has become a major political issue. Tensions between 

large landlords and tenants or share-croppers are also widespread in the Indian sub-

continent and the Philippines. 

�&�R�P�P�X�Q�D�O���U�L�J�K�W�V���D�U�H���R�I�W�H�Q���S�R�R�U�O�\�� �G�H�À�Q�H�G���D�Q�G���S�U�R�W�H�F�W�H�G���E�\�� �O�D�Z�� �D�Q�G���U�H�J�X�O�D�W�L�R�Q�V���� �U�H�V�X�O�W-

ing in widespread appropriation by the powerful in many places. Systems of communal 

tenure coexist in many countries with individual tenure. Communal systems are 

found in Africa, India, Brazil and Mexico. Historically, the introduction of modern 

individual tenure into predominantly communal tenure systems resulted in 

tensions, for example between indigenous populations and colonial settlers. More 

recently, similar tensions have arisen between farmers settling in new irrigation 

schemes and pastoralists (Hardin, 1968; McCay and Acheson, 1987). These kinds 

�R�I���F�R�Q�Á�L�F�W�V���W�H�Q�G���W�R���G�L�P�L�Q�L�V�K���L�Q�F�H�Q�W�L�Y�H�V���W�R���D�G�R�S�W���R�U���P�D�L�Q�W�D�L�Q���V�X�V�W�D�L�Q�D�E�O�H���O�D�Q�G���D�Q�G��

water management. 

Communal systems are, nonetheless, capable of adapting. They give tenure secu-

rity by providing individual and inheritable use rights, and have often adapted to 

rising scarcity by allowing for the emergence of rental markets for land and for sales 

within the community. Communal systems can thus provide some of the security 

of tenure that underpins sustainable land and water management. However, there 

are drawbacks: investment in land is often constrained because communal rights 

cannot be used as collateral for loans. The lack of secure status for traditional land 



74 The State of the World’s Land and Water Resources for Food and Agriculture

tenure has resulted in underinvestment and inefficiency in the use of resources. 

Rainfed farmers with insecure tenure will either not invest or will opt for tech-

nologies with short-term returns, preferring, for example, vegetative contour strips 

rather than stone bunds to slow runoff and erosion, because the contour strips have 

a shorter pay-off period and therefore offer a quicker return with lower risk.

There has been no easily identifiable trend in land tenure reform. Land tenure 

reforms have been initiated on a periodic basis in response to population pressures 

and associated impacts on land quality, but such national initiatives as the enclosure 

or sale of public land are typically sporadic. However, these pressures are promot-

ing more progressive examination of regional approaches and generic problems 

in land tenure (FAO, 2011b), and links between reliable land tenure systems and 

poverty reduction have been recognized. 

Two broad lessons of experience have emerged. First, the nature of land tenure 

arrangements determines scope and quality of land management, and without 

stable and transparent arrangements, underinvestment and less sustainable farming 

practices result. Second, the incorporation of traditional or customary institutions 

into modern legal regimes remains a challenge.

Water-use rights
Water rights traditionally evolved to share irrigation water, but these have been overtaken 

by economic and technological change. Historically, the evolution of water-use rights 

systems has been driven more by irrigation development agendas than any other 

sectoral interest (Caponera, 1992; FAO, 2006e). For irrigation systems, land and 

water are inseparable components of the production system, and management insti-

tutions have dealt with them jointly in the form of irrigation districts, command area 

authorities and WUAs.

The development of water control technologies and energized pumping has 

enabled the expansion and intensification of irrigated areas. These have, however, 

been largely outside of communal institutions and regulation, and have altered 

previous patterns of use within irrigation schemes and across river basins. Tradi-

tional institutions have proved unable to cope with many of these alterations, and 

disputes over entitlements to water are now common (Box 2.1).

There has been a marked expansion of groundwater use in irrigated agriculture. 

Aquifer depletion and the accompanying deterioration of groundwater quality have 

been driven by demand for precision irrigation and economic incentives, such as 

rural energy tariffs that encourage a ‘race to the pumphouse’. As shown by Shah 

(2009) in the case of India, formal attempts by states to regulate groundwater rights 

and extraction have had little or no impact. The challenge of intervening at the local 
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level in the regulation of hundreds of thousands of groundwater users can exceed 

the capacity of many water pressure administrations, but this is not to say that local 

autonomous solutions are impossible (Blomquist, 1992).

If the institutional and incentives framework remains unchanged, the current 

patterns of agricultural groundwater use (Siebert et al., 2010) will continue to result 

in permanent damage to both the quantity and quality of strategic groundwater 

reserves. Important sources of freshwater for growing rural, municipal and industrial 

demands are also affected. For groundwater, local ‘point of abstraction’ regulation is 

required, and better-informed management by water user groups may offer a way 

to moderate the demand for groundwater, or at least bring local agreement on the 

maximum admissible drawdown in shared aquifers (World Bank, 2010a).

Institutions also have to arbitrate between agriculture, municipal and industrial 

needs (and increasingly hydropower). Governments generally give priority to 

abstractions for municipal and industrial supplies. Although the volumes are often 

relatively small in comparison with uses in agriculture or the in-stream require-

ments for maintaining hydropower generation, rising allocations to municipal and 

industrial uses are raising levels of water stress. In water-scarce regions such as the 

Middle East and Northen Africa, there is strong competition among sectors, and 

water allocations to agriculture are diminishing, such as in Jordan. The institutional 

rules to govern surrender of water entitlements are highly contested, and real-

BOX 2.1: CONFLICT, ADAPTIVE CAPACITY AND 
A SHIFTING EQUILIBRIUM IN YEMEN•S WADI DAHR

Yemen has a long history of water conflict and of subsequent accommodation of change. 

Yet Wadi Dahr (close to Sana’a) had a long, well-documented history of managing its 

water resources well. Rules had been agreed over centuries through an evolving process 

of conflict, contentious judgements, and ultimate development and acceptance of new 

rules that progressively crystallized into an ‘established tradition’.

In 1970, tubewell technology burst into the finely balanced water economy. A 

downstream community in the wadi complained to the court of the sheikh that upstream 

motor pumps had reduced the stream flow and disturbed ‘laws and customs … by 

which we have been guided for thousands of years’. This new conflict was resolved, 

but not by the courts. The rich and influential downstream farmers simply invested in 

the new pump technology themselves. ‘The stream dwindled and died, but no one with 

influence any longer cared.’ A new equilibrium emerged: assets were rebalanced and 

concentrated more in the hands of the richer. The conflict was resolved, and a new 

‘established tradition’ had emerged. 

Sources: Mundy (1995); World Bank (2010b)
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location of water out of agriculture can lead to social unrest. In many developed 

river basins, competition for releases between irrigation and hydropower can both 

constrain optimal allocation between the productive sectors and compromise the 

reliability and quality of flows for municipal water supply.

At the transboundary level, cooperative principles rather than water rights have 

been adopted as the best approach. The high political and economic cost of develop-

ment by individual states, and the loss of the extra value if investment were planned 

at the basin scale, have led to a number of cooperative agreements and the develop-

ment of principles of ‘equitable use’ and ‘no significant harm’, which are codified in 

the (as yet unratified) Convention on the Law of Non-Navigational Uses of Interna-

tional Watercourses. In practice, though, nations have largely given priority to their 

own internal water agendas over those that require cooperation and benefit-sharing 

(Bingham et al., 1994; Yetim, 2002). 

Under conditions of intensifying competition, the need to manage land and 

water jointly becomes even more pressing (FAO, 2004b). However, the relation-

ship between land tenure and water-use rights is highly variable, with a mosaic of 

regimes even within countries. For example, some states in the USA and in India 

adopt prior appropriation rules while others give precedence to upstream claims. 

At the same time, the use of land has major impacts on both the quality and quan-

tity of water resources, so that decisions regarding the use and allocation of one 

resource impact directly or indirectly on the use and allocation of the other. There 

is thus strong advocacy in many countries for integrated approaches to the use and 

management of land, water and other natural resources. In rare cases, such as the 

Andhra Pradesh Water, Land and Trees Act of 2002, these approaches have been 

translated into law.

Policy responses to date

Policies and their incentive frameworks are the mechanisms by which governments 

seek to align development with societal objectives. Land and water use in agriculture 

is at the crossroads between several suites of policies, which can easily lack align-

ment or work at cross-purposes. As a result, policies and incentives have often driven 

unsustainable use and the proliferation of negative environmental externalities. 

Agricultural policies typically aim at growth with equity, but sometimes result 

in damage to the environmental services on which growth depends – for example, 

fertilizer subsidies contribute to nutrient pollution, or energy subsidies to ground-

water depletion. The typical objective of land policy is to ensure equitable, secure 

access. Yet institutions for defining, negotiating and managing access problems 
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are often under-resourced. Past supply-driven water policies have created excess 

demand for water in many basins. In recent years, integrated water resource 

management policies have been adopted, applying intersectoral, often decentral-

ized approaches. As a result, better options have emerged for efficient allocation 

and management of scarce water resources, but these are only slowly being applied.

By contrast, environmental policy has emerged as an active force in diagnosing 

problems, but it is often catching up rather than intervening with foresight, and is 

generally weak in regulatory capacity. Environmental policy faces particular chal-

lenges in low-income countries in influencing the development agenda, where it 

may be seen as anti-development, or even anti-poor. Some joint land and water 

management approaches have arisen, both for specific environmental problems 

and from introduction of basin planning, and land and water master-planning. 

However, these have had little impact on macro-economic planning or on develop-

ment, although basin planning has improved water resource management practices 

and accountability. 

Agriculture and related policies
The policies and institutions related to land and water management are generally 

�G�H�V�L�J�Q�H�G���L�Q���O�L�Q�H���Z�L�W�K���Q�D�W�L�R�Q�D�O���R�E�M�H�F�W�L�Y�H�V�����W�\�S�L�F�D�O�O�\���S�U�L�Q�F�L�S�O�H�V���R�I���H�I�À�F�L�H�Q�F�\�����H�T�X�L�W�\���D�Q�G��

sustainability. But choices and decisions at lower levels (provincial, local, individual 

�I�D�U�P�H�U�V�����D�O�V�R���V�K�D�S�H���S�R�O�L�F�L�H�V���D�Q�G���L�Q�V�W�L�W�X�W�L�R�Q�V�����3�R�O�L�F�\���R�E�M�H�F�W�L�Y�H�V���D�L�P�H�G���D�W���H�I�À�F�L�H�Q�F�\���L�Q��

the allocation of resources to create the highest economic value are tempered by an 

equity objective that may aim to alleviate poverty in rural economies. The third objec-

�W�L�Y�H���R�I���V�X�V�W�D�L�Q�D�E�L�O�L�W�\���U�H�Á�H�F�W�V���W�K�H���O�R�Q�J���U�X�Q���L�Q�W�H�U�H�V�W���L�Q���S�U�R�W�H�F�W�L�Q�J���Q�D�W�X�U�D�O���F�D�S�L�W�D�O���W�R���P�D�L�Q-

�W�D�L�Q���D���Á�R�Z���R�I���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���V�H�U�Y�L�F�H�V���X�S�R�Q���Z�K�L�F�K���J�U�R�Z�W�K���D�Q�G���O�L�Y�H�O�L�K�R�R�G�V���G�H�S�H�Q�G��

Objectives have tended to be translated into a policy and institutional framework 

through a range of instruments. These include price and trade policy, fiscal policy 

and budget allocations, legislation and institutional set-ups for land and water 

administration, and agricultural services. A dominant feature of agricultural policy 

has been the influence of the incentive framework transmitted through the tax 

regime, subsidy policies and the pricing of inputs, particularly for fertilizers and 

energy. Policies that affect the costs of production, such as trade policy, tariff barriers 

and export bans, have also proved powerful incentives. Some of these policies have 

led to unintended negative impacts on the environment.

Land policy
The typical objective of land policy is to ensure equitable, secure access (Molden, 

2007). Land policies set the framework for how land is allocated and how land use is 

planned. Land policies may also set rules for investment in land, including commer-

�F�L�D�O�� �D�Q�G�� �V�R�Y�H�U�H�L�J�Q�� �L�Q�Y�H�V�W�P�H�Q�W���� �/�D�Q�G�� �S�R�O�L�F�L�H�V�� �D�O�V�R�� �G�H�À�Q�H�� �D�Q�G�� �U�H�J�X�O�D�W�H�� �O�D�Q�G�� �W�H�Q�X�U�H��
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rules, administration and dispute resolution, and manage the information base for 

�O�D�Q�G���E�D�V�H�G�� �W�D�[�D�W�L�R�Q�� ���)�$�2���� ���������D�������$�� �O�D�Q�G�� �S�R�O�L�F�\�� �P�D�\�� �D�O�V�R�� �S�U�R�Y�L�G�H�� �I�R�U�� �V�S�H�F�L�À�F�� �O�D�Q�G��

tenure measures, such as: management, development and privatization of public 

lands; consolidation of fragmented land (FAO, 2003); and land reform and distribu-

tion of former collective lands (as in the former Soviet Union). Particular problems are:

�‡��Under-resourced institutions for defining, negotiating and managing access 

– poorly functioning land registration, weak defence of rights, and poorly 

performing markets for both ownership and rental.

�‡��Common property regimes that adapt poorly to changing socio-economic 

�F�R�Q�G�L�W�L�R�Q�V�� Well-functioning common property regimes are governed by 

agreed rules with no free riders, with low competition and high coopera-

tion. As discussed above, where traditional institutions become weak or do 

not adapt, individuals may exploit common resources outside the rules, with 

resulting overexploitation and degradation.

�‡���*�H�Q�G�H�U�� �D�Q�G�� �O�D�Q�G�� �D�F�F�H�V�V����In many societies women perform most of the 

agricultural work, and may be sole operators of a family farm, yet tenure rules 

often exclude them, so that they have no access to land title, and hence have no 

security of tenure or access to bank credit (FAO, 2002c; Ellis, 2000).

�‡���,�Q�Z�D�U�G�� �F�R�P�P�H�U�F�L�D�O�� �D�Q�G�� �V�R�Y�H�U�H�L�J�Q�� �L�Q�Y�H�V�W�P�H�Q�W�� Inward investment in land 

for production is on the rise. Lands may be allocated by governments under 

modern land tenure statutes when the lands are already owned and in use 

under traditional tenure arrangements. Unless policies and institutional 

mechanisms are in place to ensure the interest of local people, growth of this 

phenomenon could lead to impoverishment, food insecurity, and social and 

political tensions (Cotula et al., 2009).

Water policy
Many water policies and sector strategies have been dominated by a focus on supply. 

The development of water resources to supply irrigation, hydropower, and munici-

pal and industrial demands has characterized the activities of river basin agencies for 

most of the 20th century. Massive investments have been made in large public irriga-

tion schemes, and during the 1960s to the 1980s more than half the public agriculture 

budget in many countries and more than half of World Bank agricultural lending was 

directed to irrigation (Rosegrant and Svendsen, 1993). Arguably, this supply-driven 

approach has led to excess demand in many countries. In countries where water is 

short, resources may have been over-allocated to one sector (typically agriculture), 

creating rigid entitlements. Water charging policies that have depressed the real cost 

of supply may have encouraged overuse (FAO, 2004c). Water entitlements locked into 
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these uses have proved hard to negotiate downward even as farmers have increased 

their water productivity. However, the pressure to account for water use in agricul-

ture in social, economic and environmental terms is building (OECD, 2010a).

As many nations came to the end of the period of ‘easy’ expansion of irrigation, 

problems of rising costs, excess demand and fiscal over-commitment have become 

apparent. At the same time, negative environmental and socio-economic impacts 

emerged. Adjusting supply and demand while also taking into account sets of envi-

ronmental externalities requires institutional change. Responses typically include 

demand management measures, such as pricing measures, rationing and reduced 

allocations. However, poverty reduction and food security goals also had to be taken 

into account and a rationale for integrated water resource management set.

Integrating land and water into macro-economic planning processes 
The need for more integrated land and water planning and management to address 

�L�Q�W�H�Q�V�L�I�\�L�Q�J���F�R�P�S�H�W�L�W�L�R�Q���I�R�U���U�H�V�R�X�U�F�H�V���K�D�V���E�H�H�Q���L�G�H�Q�W�L�À�H�G�����D�Q�G���V�R�P�H���M�R�L�Q�W���O�D�Q�G���D�Q�G��

water approaches have emerged. What began as the aspiration of geographers to 

combine hydrology with earth and social sciences (Chorley, 1969) was integrated 

into global initiatives such as the 1992 Rio Conference on Environment and Develop-

�P�H�Q�W���D�Q�G���W�K�H���U�H�O�D�W�H�G���F�R�Q�Y�H�Q�W�L�R�Q�V���R�Q���E�L�R�G�L�Y�H�U�V�L�W�\�����G�H�V�H�U�W�L�À�F�D�W�L�R�Q���D�Q�G���F�O�L�P�D�W�H���F�K�D�Q�J�H����

To date, two types of approach have emerged: (1) as a remediation of the negative 

side-effects of intensive agriculture (the clean-up of the Rhine and Danube systems 

in Europe and the adoption of the European Union Water Framework Directive are 

cases in point; see Box 2.2); and (2) as a means of planning development at the basin 

or regional scale, which forced consideration of land management and the circula-

tion of water through and across it. 

Generally, it is in the highly developed river basins in post-industrial economies, 

such as the Danube and the Rhine (with correspondingly high levels of infrastruc-

tural development and intensive use), where the management of land and water 

have been tightly linked and regulated to protect rights in use and to reduce envi-

ronmental impacts. Elsewhere, land and water management have been decoupled 

by default, as different institutions have responded to specific demands from 

their respective sectors, or by design in order to free up natural resource transfers 

among users and sectors. The evolution of the Murray-Darling basin, Australia is 

a case in point.

Despite these advances, few natural resource management criteria are used in 

macro-economic and sector planning. It is only where land and water constraints 

impact economic growth that more explicit forms of land and water planning and 

management appear on the political agenda, as for example with integrated land-

scape planning (‘gestion du terroir’) in Burkina Faso.
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Integrated spatial ‘master plans’ today have little influence on development. In 

the 1970s and 1980s, detailed land-use planning was carried out for agricultural 

purposes (e.g. classification of soils and land-use suitability) and incorporated in 

area development ‘master plans’. However, these plans were generally used as infor-

mation repositories rather than as spatial planning instruments. District or county 

structure plans today in industrial countries give broad zoning demarcations, includ-

ing ‘green space’ and environmental reserves, but they are not generally used for 

detailed agricultural planning or environmental management of land use. 

BOX 2.2: EUROPEAN UNION WATER FRAMEWORK DIRECTIVE

The EU Water Framework Directive (WFD) was adopted in October 2000 in response to 

increasing demand by EU citizens and environmental organizations for cleaner rivers, 

lakes, groundwater and coastal beaches. Early European water legislation began with 

standards for rivers and lakes used for drinking water abstraction in 1975, followed in the 

1980s by quality targets for drinking water, and legislation on fish and shellfish waters, 

bathing waters and groundwater. In 1991, the Urban Waste Water Directive imposed 

secondary wastewater treatment, and the Nitrates Directive addressed water pollution 

by nitrogen from agriculture. Later, the Drinking Water Directive reviewed and tightened 

drinking water quality standards, and in 1996 an Integrated Pollution Prevention and 

Control Directive (IPPC) addressed pollution from large industrial installations. 

Pressure for a fundamental rethink of EU water policies came to a head in mid-1995, 

when the EU was requested to address in a more coherent fashion the increasing 

awareness of citizens and other involved parties for the quality and the management 

of their water resources. The main purpose of the new European Water Policy was to 

reduce pollution and ensure clean waters are kept clean. It had the following aims: 

�™��expanding the scope of water protection to all waters, surface waters  

and groundwater; 

�™��achieving ‘good status’ for all waters by a set deadline; 

�™��water management based on river basins; 

�™��‘combined approach’ of emission limit values and quality standards; 

�™��getting the prices right; 

�™��getting the citizen involved more closely; and 

�™��streamlining legislation. 

Citizens were put at the centre of the reform process: the policy was thus developed 

through an inclusive and open consultation process involving representatives of Member 

States, regional and local authorities, enforcement agencies, water providers, industry, 

agriculture and, not least, consumers and environmentalists. 

Source: European Commission (2010)
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Basin planning has, however, improved water resource management and account-

ability. The emphasis on district or river basin water master plans in the 1970s and 

1980s has not continued, although their legacy has formed a variety of river basin-

based water allocation and management institutions (e.g. River Basin Offices in 

Tanzania), and continues to provide a strong information baseline for national 

inventories of water use. These master plans also helped in the first compilation of 

�)�$�2���$�4�8�$�6�7�$�7���G�D�W�D���L�Q���W�K�H���O�D�W�H�����������V�����2�Y�H�U�D�O�O�����D�O�W�K�R�X�J�K���O�D�Q�G���S�R�O�L�F�\���D�Q�G���P�D�Q�D�J�H-

ment may not have always been coupled with basin planning, the ‘sentiment’ of 

integrated water resource management has prompted adoption of more progressive 

water accounting and environmental regulation. The degree to which these basin 

planning approaches have succeded in mitigating negative socio-economic and 

environmental impacts remains open to question (Molle and Wester, 2009).

Institutional approaches and performance

The institutional responses to rising demands on land and water include the poli-

cies, incentives, norms laws and rules that allocate resources and regulate their use. 

These land and water institutions are taken to include:

�‡��land and water development policies, plans and organizations, and systems of 

allocation and protection of land and water rights;

�‡��related agricultural policies, plans and organizations, together with broader 

policies affecting incentives such as fiscal policy and trade policy; and

�‡��environmental policy and organizations dealing with regulations and incen-

tives for natural resource protection, and the consequences of the ‘externalities’ 

of land and water use.

For land and water, the challenge is that, while governments may make policies, 

management is largely the responsibility of farmers. Ministries of agriculture or 

rural development usually have primary responsibility for guiding land and water 

management, but it has become increasingly common for services such as extension 

to decline precisely where they are most needed. Some attempts at joint approaches 

to land and water have been effective at the watershed level, but much more atten-

tion is needed to integrate approaches for land and water. Few programmes are yet 

to persist long enough to achieve significant results. 

Nonetheless, land-use planning has improved, with more accessible tools, and it 

has been effective in land resource allocation in some developed countries. But such 

land-use planning has had little impact on development programmes in developing 
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countries, and there has been limited compliance with plans in countries with little 

or no institutional capacity. Some decentralized and participatory land-use plan-

ning has been successful, but generally only at local levels. 

Agriculture agencies
The primary institutional responsibility for land and water management has rested 

with ministries of agriculture or rural development. The role of these agencies in 

delivering technical and support services to rural communities or to individual farm-

ers has been to encourage the uptake of inputs and the adoption of improved agro-

nomic practice. In some cases, the role of the private sector and equipment suppliers 

has been important, particularly in the application of precision irrigation. It has been 

�U�D�U�H���I�R�U���W�U�D�G�L�W�L�R�Q�D�O���H�[�W�H�Q�V�L�R�Q���V�H�U�Y�L�F�H�V���G�H�S�O�R�\�L�Q�J���X�Q�G�H�U���U�H�V�R�X�U�F�H�G���J�R�Y�H�U�Q�P�H�Q�W���R�I�À-

�F�H�U�V���L�Q���W�K�H���À�H�O�G���W�R���K�D�Y�H���P�R�U�H���W�K�D�Q���O�L�P�L�W�H�G���L�P�S�D�F�W���R�Q���L�P�S�U�R�Y�L�Q�J���S�U�R�G�X�F�W�L�Y�L�W�\���L�Q���O�D�Q�G��

and water management. In a recent global review of extension practice (FAO, 2008b) 

the case has been made for transforming national advisory services into decentral-

ized, farmer-led, market-driven extension systems. 

Watershed management approaches
An example of an institutional approach is the watershed management approach, 

which seeks to manage both land and water and the wider ecosystem of the water-

shed in an integrated way. Successes have been limited so far, partly because of the 

asymmetry of interests between upstream and downstream stakeholders, and partly 

because of the sheer complexity of the perceptions of natural and anthropogenic 

functions at the scale of a watershed (see Box 2.3).

The first generation of watershed management projects in developing countries 

in the 1970s and 1980s applied a soil and water planning approach that empha-

sized engineering works for specific on-site and downstream physical outcomes. 

In general, too little attention was paid to the needs of upstream populations or to 

their ownership of programme actions. As a result, investments were high-cost and 

not always well justified, and the assets created often had a limited life. By the end 

of the 1980s, the comparative failure of this ‘engineering-led’ approach was clear, 

and a major rethinking of watershed management approaches was undertaken by 

national and international agencies.

The 1990s represented a departure for watershed management programmes 

supported by the international community in developing countries. While engineer-

ing solutions were not excluded, the emphasis was placed more on farming systems 

and on participatory approaches implemented in a decentralized fashion. Support 

was given by the renewed emphasis on rural poverty reduction in development 

programmes. The move away from planned investments towards participatory 

approaches was designed to seek synergies between both local land and water 
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management benefits and downstream impacts. However, the timeframe for imple-

mentation is generally long, and few programmes have persisted for long enough 

to achieve significant results, and even then the long-term impacts on the water 

resource base can be questionable (Batchelor et al., 2003).

Land-use planning
Land-use planning has formed a part of area development planning since the 1970s, 

such as through soil surveys and land capability or evaluation mapping exercises 

(FAO, 1976, 2007b). With the advent of cheaper computing systems, more sophisti-

cated geographical information system (GIS) approaches have been deployed, for 

BOX 2.3: WATERSHED MANAGEMENT EFFECTS ON THE WATER CYCLE

Experience from SE Zimbabwe exposes the myth that ‘poor agricultural practices in 

the headwaters lead to increased siltation in reservoirs’. The large sugar estates of 

the lowlands are major agribusiness users of water, and rely on an extensive series of 

mid-catchment storage dams that now face problems of sedimentation. This increased 

sediment is blamed on poor farming practices, including deforestation and overgrazing 

by the ‘indigenous’, ‘subsistence’ farmers of the headwaters. 

Following the devastating drought of the early 1990s, some of the sugar estates 

started outreach programmes to work with farmers in the headwaters to ‘improve’ their 

land management. By the late 1990s, those involved in the outreach programme were 

reporting positive results: the suspended solids entering their dams were decreasing 

dramatically. Yet, there appeared a contradiction: the outreach programme was tiny, and 

the catchment area large. Research also revealed a ten-year cyclical pattern of above 

and below ‘average’ rainfall, possibly related to the El Niño southern oscillation (ENSO). 

The 1980s had been the driest on record.

The combination of research and local farmers’ perspectives resulted in an alternative 

narrative to that of the sugar cane farmers. During the long dry years, water levels drop, 

shrubs and grass die, and livestock (before dying) exacerbate the situation by eating 

everything available. During this period, sediment levels generally increase, as erosion 

occurs when rain does come. In particular, large storm events at the end of the dry period 

move huge quantities of ‘stored’ soil. However, once a wetter period is entered, browse 

and crop cover quickly returns, aided by low livestock numbers, and erosion more or less 

ceases. Photographs of the study site in the 1990s show bare red earth; yet since then, 

vegetation has been lush. Sediment measured leaving a small headwater catchment 

where there had been no outreach programme and where subsistence agriculture was 

being practised never exceeded 5 t/ha – far below the 70-100 t/ha reported from many 

plot-based experiments.

Source: FAO (2002b)
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�H�[�D�P�S�O�H�� �L�Q�� �.�H�Q�\�D���� �6�Z�D�]�L�O�D�Q�G�� �D�Q�G�� �%�D�Q�J�O�D�G�H�V�K�� ���D�O�O�� �V�X�S�S�R�U�W�H�G�� �E�\�� �)�$�2������ �+�R�Z�H�Y�H�U����

while national capacities in land-use decision-making have been strengthened, these 

have not translated into agricultural plans or investment strategies, mainly because 

they were attempting to be too deterministic (deciding which crops should be grown 

based on soil and terrain conditions) at a time when economic liberalization and 

market penetration was advancing. Where plans have been developed, compliance 

has been limited as there is little or no institutional capacity to regulate land-use. By 

contrast, land use planning in Europe has tended to play a more structural role in 

allocating land to different uses: urban, forests, farming or protected areas. 

In general, land-use planning has been more successful at the local scale and 

generally has had only weak links to the larger scale. When tied to decentralization 

and agriculture sector support programmes, there is more evidence of localized 

investment and support for land-use planning. The adoption of participatory rural 

appraisals (PRAs) as a primary planning tool in the 1990s has improved local-level 

ownership. However, the decentralized and demand-driven focus has contributed 

to fragmentation. This remains one of the main issues in watershed management, 

for example, where participatory and demand-driven planning at local level is not 

matched with the needs of those downstream or with integrated plans for basin-

wide land and water management. 

Irrigation management agencies
Given the scale of public funding to medium- and large-scale irrigation, the role of 

government agencies in developing, operating and maintaining irrigation systems 

has been dominant. But few publicly managed large irrigation schemes have 

�D�F�K�L�H�Y�H�G���À�V�F�D�O���H�I�À�F�L�H�Q�F�\���R�U���G�H�P�D�Q�G���U�H�V�S�R�Q�V�L�Y�H���Z�D�W�H�U���V�H�U�Y�L�F�H�����0�R�O�G�H�Q�������������������7�K�H��

major causes of poor service delivery are bureaucratic institutions and rigid techni-

cal design, both of which generally originate in a top-down, planning-led approach 

�W�R�� �L�U�U�L�J�D�W�L�R�Q���� �7�K�H�U�H�� �K�D�V�� �E�H�H�Q�� �D�� �Y�L�F�L�R�X�V�� �F�L�U�F�O�H�� �R�I�� �L�Q�V�X�I�À�F�L�H�Q�W�� �I�X�Q�G�L�Q�J���� �L�Q�D�G�H�T�X�D�W�H��

operation, and maintenance and system deterioration, often leading to the need for 

successive rehabilitations. 

Nonetheless, governments have been transferring some responsibility for 

large-scale irrigation management to user groups. But the experience with partici-

patory irrigation management (PIM) and irrigation management transfer (IMT) 

has been mixed (FAO, 2007a; Molden, 2007, Ch. 5). In the evolution from public to 

collective and market-oriented institutions, irrigation management is going to have 

to be more contextualized and pluralistic (Meinzen-Dick, 2007). However, the issue 

of covering operation and maintenance costs and turning transferred assets into 

profitable, viable operations remains considerable (Box 2.4). 



8585Chapter 2. Socio-economic pressures and institutional set-up 

C
H

A
P

T
E

R
 2

In some cases, the private sector has been effective in introducing modern irri-

gation by helping to introduce more advanced farming practices, such as down-

stream control, surge irrigation, subsoil drip and fertigation. These have been led 

by privately financed initiatives where market conditions have exerted a strong 

pull for precision irrigation. The efficiency of some private initiatives sometimes 

stands in stark contrast to publicly run schemes: for example, the productivity of the 

�S�U�L�Y�D�W�H�O�\���U�X�Q���.�H�Q�D�Q�D���V�X�J�D�U���H�V�W�D�W�H���L�Q���F�H�Q�W�U�D�O���6�X�G�D�Q���F�R�P�S�D�U�H�G���Z�L�W�K���W�K�H���Y�D�V�W���S�X�E�O�L�F��

Gezira scheme only 100 km to the north, where the full operation of the sugar estate 

compares with only partial cropping within the Gezira. Another example is the 

advent of shallow groundwater access in many gravity irrigation commands across 

India, which has triggered what Shah (2009) terms ‘atomistic irrigation’ – a private 

response to the institutional and hydraulic failure of the command area authorities. 

BOX 2.4: IRRIGATION MANAGEMENT TRANSFER EXPERIENCE: 
OPERATION AND MAINTENANCE IN ROMANIA

In Romania, irrigation systems depend heavily on pumping. Out of a total of 3.1 Mha of 

developed land in the late 1980s, about 2.85 Mha were under sprinkler irrigation, with 

heavy energy costs: in some places, the static lift of irrigation systems exceeds 270 m. 

After the dissolution of state and collective farms in 1990, there was no clearly 

designated authority for the operation and maintenance of irrigation infrastructure, and 

national organizations had neither the staff nor the budgetary resources to take such 

responsibility. As a result of ageing of the irrigation infrastructure, complicated by an 

inability of both the government and farmers to pay for energy costs, the earlier annual 

irrigation use of 2 500–3 000 m3/ha dropped to about 1 000 m3/ha, and the revenues from 

fee collection became insufficient to cover the cost of maintenance of the infrastructure. 

In addition, on-farm equipment and pumps had been destroyed or stolen, or were too 

old to operate properly.

The Land Reclamation Law of 1999 formalized the creation of WUAs and completely 

restructured the National Land Reclamation Society (SNIF) into a land reclamation 

agency, which included significant staff reduction, transfer of authority to regional 

offices, as well as a stronger WUA role in systems management. Now canals and 

secondary pressure pump stations are operated by WUA staff who are also responsible 

for fee collection. The law was further modified in 2004 and 2005 to allow WUAs to 

control management from the primary pumps to the river. At present only about 700 000 

ha are being irrigated, owing to lack of maintenance of the irrigation systems and the 

age of the large pumping units, as well as the costs of energy. The Land Reclamation 

Law established that an irrigation system can only be operated if there is a demand 

for water of at least 20 percent of its command area, both at the distributary canal and 

overall system levels. The challenge for the WUAs remains that of being able to maintain 

enough area under irrigation to be able to properly maintain the existing infrastructure. 

Source: FAO (2007a)
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Overall, there is a need for more flexibility and responsiveness in irrigation manage-

ment, which requires well-thought-out capacity-building programmes as much as 

modernized infrastructure (FAO, 2007e). 

As these private operators have demonstrated they can manage commercial 

schemes, so public–private partnership (PPP) models might be adaptable to private 

management of smallholder schemes. Large-scale commercial operators in premium 

crops such as sugar, tea and citrus fruits have been efficient irrigation managers, 

even under difficult circumstances. It is possible that private operators could run 

public schemes; however, experience is limited to date. A review of emerging PPPs 

in irrigation (World Bank, 2007b) recommends that bringing in a third-party service 

provider to improve service efficiency makes sense, but that in doing so careful 

attention has to be paid to mitigating risks for third-party service providers.

The emergence of flexibility outside the public sector
Overall, the liberalization of irrigated agriculture, away from centralized planning 

and production quotas or the dominance of price support schemes, has seen irrigated 

production respond to changing market demands with a more diverse set of crops. 

Traditional surface irrigation schemes have not been able to match the on-demand, 

�M�X�V�W���L�Q���W�L�P�H���U�H�T�X�L�U�H�P�H�Q�W�V���I�R�U���L�U�U�L�J�D�W�L�R�Q�����E�X�W���Á�H�[�L�E�L�O�L�W�\���K�D�V���E�H�H�Q���S�U�R�Y�L�G�H�G���E�\���D���G�H�H�S-

ening reliance on groundwater (Shah, 2009), with all the consequent externalities 

generated by more intensive aquifer use (Llamas and Custodio, 2003).

As a result of growing water scarcity, both informal and formal water markets 

have developed for surface water and groundwater. Water markets have strong 

theoretical advantages and can be efficient, particularly local markets which can 

increase water-use efficiency with little infrastructure and minimal governance 

structures. Informal water markets have proven effective in distributing benefits 

derived from groundwater (Shah, 1993). Yet such formal markets exist only in Chile, 

Australia and the western USA. They have demanding requirements: clear, defen-

sible water rights, an institutional and legal framework for trade, and infrastructure 

to transfer water between users. 

Environmental consequences of past policy choices 

Past policy and institutional approaches have raised land and water productivity 

and output, but have also led to environmental externalities in some regions. Agri-

cultural policy has promoted mechanization, fertilization and pesticide use, all of 

which have created environmental risks and costs. In some cases, land policy has 

promoted expansion into marginal lands, along with forest and wetland clearance, 

while tenure insecurity has led to underinvestment and short-horizon production 



8787Chapter 2. Socio-economic pressures and institutional set-up 

C
H

A
P

T
E

R
 2

strategies. Water policy has promoted large-scale irrigation schemes, groundwater 

development and wholesale water abstractions. While most of these policies contrib-

uted to the rapid rise of productivity, they also contributed to widespread degrada-

tion of land and water resources. In recent years, environmental policy and organi-

zations have been active in diagnosing these problems, but have been reactive rather 

than predictive, and have often been weak in regulatory capacity.

Environmental institutions have emerged in response to these environmental 

impacts of intensified farming, but face challenges in developing countries in influ-

encing the development agenda. Following the 1992 Rio Conference, awareness of 

environmental problems rose, and most nations established an institutional frame-

work of laws, policies and organizations to influence growth and natural resource 

management towards paths of environmental sustainability, and to limit and miti-

gate environmental degradation. These institutions have been effective in ‘greening’ 

the agenda, particularly in developed countries. For example, the US Environmental 

Protection Agency has established major programmes to reduce non-point sources 

of fertilizers and pesticides from agricultural land. However, environmental institu-

tions have to cope with weak compliance, and tend to be reactive rather than proac-

tive. A further problem is the ownership of the environmental agenda: although the 

environment has a voice in developed countries, in developing countries concern 

for the environment can be seen as anti-development, or even anti-poor, and envi-

ronmental policy faces challenges in influencing the development agenda. 

Unintended perverse incentives have also been a powerful driver of negative exter-

nalities. The incentives with which countries have promoted agricultural growth 

have frequently produced negative externalities, for example macro-economic 

and trade policies favouring food production and natural resource extraction in 

areas without comparative advantage. In some countries, distorted incentives have 

contributed to degradation of land and water (Box 2.5). Subsidized energy prices, 

for example, have driven the depletion of groundwater reserves in many countries.

The problem is not just the application of poorly adapted policies, but also the 

�D�E�V�H�Q�F�H�� �R�I�� �J�R�R�G�� �R�Q�H�V���� �(�[�D�P�S�O�H�V�� �I�U�R�P�� �.�H�Q�\�D�� �D�Q�G�� �(�W�K�L�R�S�L�D�� ���%�R�[�� ���������� �V�K�R�Z�� �W�K�H��

powerful effect on land and water of getting policies right, and the negative impacts 

of getting them wrong or leaving a policy vacuum. 

A central problem is that costs and benefits of externalities are asymmetrical. 

On-site intensification may produce both on-site and downstream risks to land 

and water. For example, higher stocking rates for animals can exacerbate soil loss 

on-site, causing loss of fertility as well as downstream siltation. Intensified use of 

fertilizers may contaminate on-site groundwater and also cause downstream water 

pollution. On-site costs can be internalized; that is, if the incentive and enabling 
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BOX 2.6: HOW OVERALL POLICIES CAN INFLUENCE SUSTAINABLE LAND MANAGEMENT

In the former Machakos district of Kenya, population increased sixfold from the 1930s 

to 1990s, while agricultural output increased tenfold. Recent years have witnessed 

widespread adoption of erosion control measures and a significant increase in tree 

coverage. The conditions that favoured these developments were relatively favourable 

price policies, access to international markets for export crops, the development of 

infrastructure, the proximity to the market in Nairobi, the remittances sent by temporary 

migrants, secure individual rights to land, and local extension services helping with soil 

conservation practices. 

In Ethiopia during the time of Haile Selassie and the Derg, farmers were heavily taxed 

through a variety of methods. Infrastructure and market development was minimal, and 

agricultural services largely absent. Access to domestic and international markets was 

often disrupted. Employment opportunities in the rural non-farm sector and the urban 

economy were limited. Land rights were highly insecure. Widespread deterioration of 

land resources resulted from the insecure rights, combined with poor infrastructure, 

market access and incentives, and from the policy distortions.

Sources: Tiffen et al. (1994); Grepperud (1994); Heath and Binswanger (1996)

BOX 2.5: THE IMPACT OF DISTORTED INCENTIVES ON LAND AND WATER MANAGEMENT

In some countries, a distorting incentive framework encourages degradation of land 

and water resources. Where fertilizer is heavily subsidized (e.g. Bangladesh, China), 

application rates tend to be beyond recommended levels, resulting in overuse. In 2008, 

Chinese farmers received US$84 per ha in fertilizer subsidy. In 2008–9, Bangladesh 

spent US$758 million on urea support. In both countries, large adverse impacts on 

groundwater quality resulted. 

In Brazil, until the economic crisis of the early 1990s, credit subsidies and tax 

exemptions favoured the clearing of land in the Amazon region for often unsustainable 

production. The distorted incentive framework contributed to the permanent loss of forest 

ecosystems, but failed to encourage an efficient, equitable or sustainable agriculture. 

Sources: Huang et al. (2011); Binswanger (1991)

framework encourages natural resource conservation, the farmer will correct 

practices that impair the productive capacity of his farm. But farmers rarely have 

incentives to correct externalities. Usually some adjustment to the incentive frame-

work is needed. There is thus now a challenge of how to adjust the actual incentive 

structure so that upstream farmers (who bear most of the costs of acting on exter-

nalities but receive a smaller part of the benefits) are motivated to practise land and 
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water conservation in their part of the watershed. There are some good examples of 

reconciliation of such conservation and intensification objectives (Box 2.7), but other 

programmes have had difficulty in establishing incentive structures that work. 

As competition for land and water has increased, the lack of clear and stable 

use rights has reduced private incentives to invest and manage, and policies have 

too often driven unsustainable use and the proliferation of negative externalities. 

Despite the functional systemic integration of land and water, modern law and 

institutions now tend to deal with land and water separately. Even institutions dedi-

cated to integrated resource management (such as basin agencies) deal primarily 

with a single resource in multiple uses, rather than with land and water jointly. This 

institutional gap has widened as natural resource planning has become increasing 

micro-focused, with decentralization and demand-driven approaches.

In addition to impacts on natural resources, there have been socio-economic costs 

such as competition and conflict where land and water resources have become 

scarcer and competition from other sectors has grown. Poverty and food insecurity 

have resulted from changes in the allocation of land and water resources, insecurity 

of tenure, or deterioration of land and water assets. In most basins and countries, the 

rate of socio-economic change and the accumulation of environmental impacts has 

outpaced institutional responses. The growing intensity of river basin development 

BOX 2.7: WATERSHED REHABILITATION IN THE 
LOESS PLATEAU OF CHINA•S YELLOW RIVER BASIN

Unsustainable farming practices on the Loess Plateau of China’s Yellow River Basin, 

including deforestation, overgrazing and poor land reclamation practices, together with 

growing population pressure over the last hundred years, has resulted in the reduction 

of protective vegetative cover to only 20 percent of the total area (Brismar, 1999). A 

successful watershed rehabilitation programme was implemented, including terracing, 

strip farming, sediment retention dams, and the large-scale planting of trees and 

grasses. About 2 100 small sediment control structures were built, capturing an 

estimated 25 million tonnes of sediment per year. 

These measures improved both land and water quality through reduction of soil 

erosion and river sedimentation. Grazing bans, particularly on sloping lands, generated 

dense natural vegetation cover at low cost. Artificial grasses and herbs (mainly 

astragalus and alfalfa) were planted on flat or gently sloping wasteland as fodder 

for pen-fed animals and to reduce unsustainable grazing on slopes. The sustainable 

production systems established are now profitable for farmers. They now have the 

incentive to maintain these investments. This outcome has been obtained after high 

initial levels of public investment.

Sources: World Bank (2003, 2007d)
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and the degree of interdependence and competition over land and water resources 

require more adaptable and authoritative institutions (Molle and Berkoff, 2006). 

Investments in land and water

Investment in land and water management is essential for attaining sustainable 

increases in agricultural productivity. Overall investment in land and water has 

�L�Q�F�U�H�D�V�H�G���V�O�L�J�K�W�O�\���L�Q���W�K�H���O�D�V�W���À�Y�H���\�H�D�U�V�����E�X�W���O�H�Y�H�O�V���U�H�P�D�L�Q���E�H�O�R�Z���W�K�R�V�H���Q�H�F�H�V�V�D�U�\���W�R��

intensify production while minimizing negative impacts on the ecosystem. A partic-

ular concern is the low level of investment in the more vulnerable rainfed systems 

where poverty and food insecurity are prevalent and risks of land and water resource 

degradation are high.

Public investment in agriculture
Global public expenditure in agriculture doubled in real terms between 1980 and 

2002, although declining from 11 percent to 7 percent of total public expenditures 

(Table 2.1). The increase in real expenditure is particularly evident in Asia, where it 

almost tripled to US$192 billion in 2002. Levels of public investment in agriculture 

across sub-Saharan Africa have remained low. 

Private capital and foreign direct investments
�,�Q�� �U�H�F�H�Q�W�� �\�H�D�U�V���� �S�U�L�Y�D�W�H�� �F�D�S�L�W�D�O�� �D�Q�G�� �W�U�D�G�H�� �Á�R�Z�V�� �K�D�Y�H�� �F�R�Q�F�H�Q�W�U�D�W�H�G�� �P�R�U�H�� �R�Q�� �W�K�H��

industrial nations which account for much of the surge in global foreign direct 

�L�Q�Y�H�V�W�P�H�Q�W�����)�'�,�����Á�R�Z�V�����Z�K�L�F�K���U�H�D�F�K�H�G���8�6�����������W�U�L�O�O�L�R�Q���L�Q���������������:�L�W�K�L�Q���G�H�Y�H�O�R�S�L�Q�J��

�F�R�X�Q�W�U�L�H�V�����W�K�H���R�Y�H�U�D�O�O���Á�R�Z���R�I���)�'�,�� �K�D�V���E�H�H�Q���K�H�D�Y�L�O�\���F�R�Q�F�H�Q�W�U�D�W�H�G���L�Q���(�D�V�W���$�V�L�D���D�Q�G��

�W�K�H���3�D�F�L�À�F�����D�Q�G���L�Q���/�D�W�L�Q���$�P�H�U�L�F�D���D�Q�G���W�K�H���&�D�U�L�E�E�H�D�Q�����Z�L�W�K���V�F�D�Q�W���L�Q�Y�H�V�W�P�H�Q�W���L�Q���V�X�E��

Saharan Africa. The long-term trend, however, suggests a larger share for sub-Saha-

ran Africa (Winpenny, 2010).

Regions*

Constant 2000 US$ (billion)
Percentage of  
agricultural GDP

Agricultural share 
of total government 
expenditure (%)

1980 1990 2000 2002 1980 1990 2000 2002 1980 1990 2002

Africa (17) 7.3 7.9 9.9 12.6 7.4 5.4 5.7 6.7 6.4 5.2 4.5

Asia (11) 74 106.5 162.8 191.8 9.4 8.5 9.5 10.6 14.8 12.2 8.6

Latin America and 
Caribbean (16) 30.5 11.5 18.2 21.2 19.5 6.8 11.1 11.6 8.0 2.0 2.5

Total 111.8 125.9 190.9 225.6 10.8 8 9.3 10.3 11.3 7.9 6.7

* Number of developing countries examined in each region.

Source: Akroyd and Smith (2007)

TABLE 2.1: PUBLIC EXPENDITURE IN AGRICULTURE IN SELECTED DEVELOPING COUNTRIES 1980…2002
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Although agriculture attracts less than 1 percent of overall FDI in developing 

economies (US$14.3 billion from a total US$2 trillion stock in 2004), investment in 

the sector has been growing, tripling between 1990 and 2004 (Table 2.2). Part of these 

capital inflows have been commercial and sovereign investment in land and water 

under deals to produce food and biofuel feedstock. Concerns have been raised 

about the possible impact on equity and food security in host countries from this 

kind of investment (Box 2.8).

Future investment needs
Based on long-term estimates for food demand, FAO projects that gross investment 

requirements 2007–50 for primary agriculture and its related industries in developing 

countries could amount to US$9.2 trillion, with 18 percent of the total (US$960 billion) 

allocated to water management and irrigation, and about 3 percent (US$161 million) 

�I�R�U���O�D�Q�G���G�H�Y�H�O�R�S�P�H�Q�W�����V�R�L�O���F�R�Q�V�H�U�Y�D�W�L�R�Q���D�Q�G���Á�R�R�G���F�R�Q�W�U�R�O�����7�D�E�O�H��������������

The bulk of the investment (58 percent) is expected to be in Asia, reflecting the 

region’s large agricultural base, its high overall output and its relatively capital-

intensive forms of agricultural production (Table 2.4). Rates of growth in agricultural 

production in Asia are more modest. The opposite is true for sub-Saharan Africa, 

where the overall level of investment requirements is expected to be relatively low 

as a consequence of the region’s generally labour-intensive and capital-saving forms 

of production (9 percent of the total). Growth rates, however, are projected to be 

higher, reflecting a very gradual shift to a more capital-intensive form of agricul-

ture and moderately rising per capita production levels, driven by a doubling of its 

population and consumer base.

TABLE 2.2: ESTIMATED INWARD FDI STOCK, BY SECTOR 
AND INDUSTRY, 1990 AND 2004 (MILLION US$)

Sector 1990 2004

Developed 
countries

Developing 
economies World

Developed 
countries

Developing 
economies

Southeast 
Europe and CIS World

Primary 139 563 23 715 163 278 268 171 151 632 20 725 440 529

�™��Agriculture 3 193 4 063 7 256 7 739 14 339 483 22 561

�™��Mining, 
quarrying and 
petroleum

136 371 17 601 153 972 256 642 137 294 20 242 414 177

�™��Unspecified 
Primary – 2 051 2 051 3 791 – – 3 791

Manufacturing 586 379 144 372 730 750 2 406 127 613 559 20 448 3 040 135

Services 716 544 151 589 868 133 4 624 699 1 224 356 34 286 5 883 341

Source: UNCTAD (2006)
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International cooperation on land and water

International cooperation on land and water originated in the 1940s with concerns 

about food security, linked to the need for rural development in the newly emerg-

ing nations. From the 1980s, negative environmental impacts from unregulated 

use of natural resources became increasingly apparent at local, regional and global 

scales. The evaluation of the causes of these impacts brought land and water issues 

such as soil erosion, salinization of irrigated lands, spread of waterborne diseases, 

BOX 2.8: LAND DEALS IN DEVELOPING COUNTRIES

Investments in fertile land in developing countries have significantly increased. Typically, land 

deals are for substantial blocks of land (over 10 000 ha) and have a lease period of between 50 and 

99 years. The main actors involved are national governments, agricultural investment funds and 

the private sector, including investment banks, agribusinesses, commodity traders and mining 

companies (Smaller and Mann, 2009). These land acquisitions can be categorized into four types 

(Bickel and Breuer, 2009):

�™��Countries with large populations and sustained growth (China, India, Japan, South Korea) 

undertake investments to satisfy the increasing internal demand for agricultural products.

�™��Countries with negative food balances and limited land and water resources but rich in 

capital (Gulf states, Libya).

�™��Industrialized countries target land investments for biofuel production.

�™��Domestic land speculation in developing countries (e.g. for touristic purposes).

Land acquisition can be seen as a win–win strategy. The investor country acquires land and 

guaranteed access to the food produced, while reaping high financial returns. The recipient country 
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water resource depletion and pollution to international attention. Since the 1990s, 

further land and water issues in relation to reduction of biodiversity, climate vari-

ability and climate change have joined earlier environmental concerns. From these 

origins, sustainable land and water management issues have become an integral 

component of global focus on the food security, environment and climate change 

nexus of challenges.

obtains an infusion of capital into its agricultural sector, leading to economic development. Yet 

these arrangements do contain risk for the investor (e.g. political risk in the host country) and for 

the citizens of the host country, who may face expropriation of land, labour abuses and loss of 

their own food security (Cotula et al., 2009).

As is the case for other international trade and foreign direct investment, ‘rules of engagement’ 

are advisable to ensure that foreign investments are beneficial to both host countries and land 

users who lose their land permanently or temporarily. These rules could include transparency 

in negotiation and trade deals, protection of investors, compensation of land users, respect for 

existing land rights, focus on investments with benefits for local communities, and assessment of 

potential positive or negative environmental impacts (Von Braun and Meinzen-Dick, 2009; Cotula 

et al., 2009). No single institutional mechanism will ensure favourable outcomes for all parties 

involved: rather, cooperation through international law, government policies, and the involvement 

of civil society, the media and local communities is needed to ensure that the land transactions 

follow the rules of engagement.
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Net Depreciation Gross

Total for 93 developing countries 3 636 5 538 9 174

 Total investment in primary production 2 378 2 809 5 187

of which crop production 864 2 641 3 505

Land development, soil conservation and flood control 139 22 161

Expansion and improvement of irrigation 158 803 960

Permanent crops establishment 84 411 495

Mechanization 356 956 1 312

Other power sources and equipment 33 449 482

Working capital 94 0 94

of which livestock production 1 514 168 1 683

Total investment in downstream support services 1 257 2 729 3 986

Source: Schmidhuber et al. (2009)

Milestones and achievements
From the 1980s, the UN emerged as the forum where global values and principles for 

sustainable development were negotiated. Milestone conferences, including the Rio 

Summit (1992), the Millennium Summit (2000), and the Johannesburg Summit on 

Sustainable Development (2002), helped shape the global development agenda that 

was summarized in the 2002 Millennium Development Goals (MDGs). The Conven-

�W�L�R�Q�� �W�R�� �&�R�P�E�D�W�� �'�H�V�H�U�W�L�À�F�D�W�L�R�Q�� ���8�1�&�&�'���� �%�R�[�� ������������ �W�K�H�� �&�R�Q�Y�H�Q�W�L�R�Q���R�Q�� �%�L�R�O�R�J�L�F�D�O��

Diversity (CBD) and the Framework Convention on Climate Change (UNFCCC), 

all have important linkages to land and water management. In addition, the UN 

TABLE 2.3: PROJECTED INVESTMENT NEEDS OVER THE PERIOD 
2005…7 TO 2050 IN BILLION 2009 US$

Net Depreciation Gross Share in total

Billion 2009 US$ %

93 developing countries 3 636 5 538 3 505 100

Sub-Saharan Africa 478 462 319 9.1

Latin America and Caribbean 842 962 528 15.1

Near East and North Africa 451 742 619 17.7

South Asia 843 1 444 1 024 29.2

East Asia 1 022 1 928 1 015 29.0

Source: Schmidhuber et al. (2009)

TABLE 2.4: REGIONAL DISTRIBUTION OF PROJECTED
INVESTMENTS IN CROP PRODUCTION 2005…7 TO 2050
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has sponsored global research and synthesis efforts like the Millennium Ecosystem 

Assessment (MEA), the Global Environmental Outlook, and the Intergovernmental 

Panel on Climate Change (IPCC).

The remarkable mobilization of the global community around sustainable devel-

opment over the past 30 years has seen a consensus emerge on development path-

ways and benchmarks. Principles of economic, social and environmental sustain-

ability have been adopted. From the successive conferences and resulting actions, 

there are clearer principles for important parts of the land and water management 

agenda, particularly for sustainable management of forests, for integrated water 

resource management and for combating desertification. 

BOX 2.9: DESERTIFICATION: THE CHALLENGES OF LAND 
AND WATER IN DRYLANDS AND THE UNCCD RESPONSE

The world’s drylands include desert, grassland, savannah and woodland, in climates 

ranging from the hottest deserts to the coldest arctic regions. Most of the dryland 

ecosystems are fragile, and suffer from water scarcity and low productivity. Dryland 

resources are increasingly threatened, as results of inappropriate management 

practices and overpopulation. The fight against desertification is also a fight against 

rural poverty and food insecurity, which are all strongly inter-related.

The United Nations Convention to Combat Desertification (UNCCD) is the centrepiece 

in the international community’s efforts to combat desertification in the drylands. It was 

adopted in 1994, entered into force in 1996 and currently has 194 parties. The UNCCD 

recognizes the physical, biological and socio-economic aspects of desertification, the 

importance of redirecting technology transfer so that it is demand-driven, and the 

involvement of local communities in combating desertification and land degradation. The 

core of the UNCCD is the development of action programmes by national governments 

in cooperation with development partners. A strategic plan of action and framework 

was devised in 2008 to promote the mainstreaming and upscaling of sustainable land 

management (SLM) practices and enabling policies, in synergy with the food security, 

climate change and biodiversity agendas. These programmes aim to build collaboration 

among the concerned line agencies, and strengthen farmer and pastoralist organizations, 

along with decentralized capacities. They promote secured land tenure arrangements, 

new market opportunities (including green products), as well as participatory land use 

planning, research and extension programmes.

Action on the ground to combat desertification includes the upscaling of a number 

of practices based on sustainable intensification, such as conservation agriculture and 

no-tillage techniques, crop rotations and intercropping, integrated pest management, 

agro-forestry and reforestation schemes, and pasture improvement with planned grazing 

processes. Improved water management is promoted through the implementation of 

water harvesting and small-scale irrigation investments, at watershed and village levels.
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International cooperation has also allowed countries to share knowledge and 

develop principles and approaches that can be applied at regional, national and local 

levels. The process has enabled countries to agree on actions where each nation and 

individual can contribute to sustainable management of ‘global commons’. Interna-

tional cooperation has also given countries access to financial and technical resources, 

and innovative financing mechanisms such as PES, the Clean Development Mecha-

nism (CDM) and carbon trading have begun to test ways to improve incentives.

However, there have been disappointments on the sustainable development 

agenda both at the international level and at the national level. At the international 

level, progress on increasing levels of aid and improving its effectiveness has been 

slower than expected, and a further slowdown may be anticipated from the global 

economic crisis. In addition, there has been lack of unanimity on important parts of 

the agenda, including stalemate in the World Trade Organization (WTO) Doha round, 

particularly on the key issue of trade in agricultural products. Divergent donor agen-

das have further complicated the prioritization of key development requirements. 

On land issues, countries have recently developed and implemented biofuel poli-

cies without international consultation, and international land leases and purchases 

have been concluded by several countries without broader consultation or consider-

ation of the ramifications for local and global communities. On water issues, where 

transboundary resources are concerned, nations have not ratified the UN Conven-

tion on International Watercourses, and have often given priority to their own inter-

nal agendas over those that require cooperation and benefit-sharing. Major water 

impoundment and diversion investments have been made without consideration 

of the possibility of optimizing benefits at the basin scale, or of negative impacts of 

unilateral development on other riparians. 

Overall, the principles and programmes agreed at the international level have 

made a substantial contribution to changing policies and approaches, but their 

impact on changing behaviour on the ground has been limited. Only in a few places 

has the challenge of intensifying land and water use while limiting negative impacts 

on the resource base and on the broader environment been successfully met. The 

challenges of the vulnerability of the major food-producing systems of the develop-

ing world remain outstanding, while little progress has been made with pro-poor 

and ecologically sustainable intensification in the rainfed systems of the tropics and 

mountain areas. Agreements on sustainable groundwater management have been 

followed by increasing levels of overdraft. The elaborate and well-thought-out inte-

grated water resource management framework agreed at the Dublin International 

Conference on Water and the Environment in 1992 has been widely incorporated into 

policy and institutions, but results on the ground have been limited.
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Is there an agreed framework for sustainable land and water management?
Despite agreement on important component principles, there is no consolidated and 

agreed set of principles for the joint management of land and water within a sustain-

able ecosystems context, joining up the principles and practices that have been 

discussed throughout this report. There is thus no agreed international integrated 

framework around which major initiatives for sustainable land and water manage-

ment can be formulated. Nonetheless, in response to land and water degradation 

and increasing levels of risk, several programmes, supported by the GEF and the 

UNCCD in particular, have developed visions and strategies, and recent conceptual 

�D�Q�G���H�P�S�L�U�L�F�D�O���Z�R�U�N���K�D�V���G�H�À�Q�H�G���H�F�R�V�\�V�W�H�P���V�H�U�Y�L�F�H�V�����D�Q�G���S�O�D�F�H�G���D�J�U�L�F�X�O�W�X�U�D�O���S�U�R�G�X�F-

tion and land and water management within an ecosystems framework. Advantage 

should be taken of these advances to work towards an agreed set of principles for 

the management of land and water resources. 

Trends in official development assistance
Total donor assistance to developing countries in 9 broad sectors of relevance to land 

and water1 shows an upward overall trend, increasing from US$57 billion annually 

in 1995 to US$158 billion in 2008 (in constant 2008 US$ terms). However, overall 

�V�X�S�S�R�U�W���W�R�� �V�S�H�F�L�À�F�� �O�D�Q�G�� �D�Q�G�� �Z�D�W�H�U�� �V�H�F�W�R�U�V�� �L�Q�� �D�J�U�L�F�X�O�W�X�U�H�� ���Q�D�P�H�O�\���� �6�H�F�W�R�U�� ���� �²���$�J�U�L-

cultural land resources, and Sector 4 – Agricultural water resources) dropped in the 

1990s and stagnated until some recovery, largely attributed to commitments to envi-

ronmental policy and research (Sector 8), was apparent starting in 2005. The share 

�R�I���O�D�Q�G���D�Q�G���Z�D�W�H�U���L�Q���R�Y�H�U�D�O�O���R�I�À�F�L�D�O���G�H�Y�H�O�R�S�P�H�Q�W���D�V�V�L�V�W�D�Q�F�H�����2�'�$�����I�R�U���U�X�U�D�O�����Z�D�W�H�U��

and environmental investment has also been declining (Figure 2.3). In recent years, 

most of the ODA for land and water (54 percent) went to Asia, and almost a quarter 

(21 percent) was invested in sub-Saharan Africa (Figure 2.4) (OECD, 2010b).

The gap between commitments and actual investments
In the framework of commitments made at the FAO High-Level Conference on 

World Food Security (Rome, 2008), the G8 summits in Japan (2008) and in Italy (2009) 

agreed that US$30 billion should be invested each year in agriculture in developing 

countries (equivalent to just 8 percent of the subsidies paid by OECD countries to 

their farmers). The G8 L’Aquila summit pledged US$20 billion to be mobilized over 

�W�K�U�H�H�� �\�H�D�U�V�� �V�S�H�F�L�À�F�D�O�O�\�� �I�R�U�� �L�Q�Y�H�V�W�P�H�Q�W�� �L�Q�� �I�R�R�G�� �S�U�R�G�X�F�W�L�R�Q�� �L�Q�� �R�U�G�H�U� � �W�R� � �P�R�Y�H� � � I�U�R�P� �

emergency food relief to reliable and sustainable domestic production.

These commitments were paralleled on a regional scale by the governments of 

sub-Saharan Africa. In Maputo in 2003, African Union governments committed 

1 Major ‘land and water’ sectors defined by OECD: (1) Water resources protection, (2) River development, (3) Agricultural 
land resources, (4) Agricultural water resources, (5) Forestry development, (6) Environmental policy and administrative 
management, (7) Flood prevention/control, (8) Environmental research and (9) Rural development.



98 The State of the World’s Land and Water Resources for Food and Agriculture

FIGURE 2.3: LAND AND WATER ODA AS A SHARE OF OVERALL 
ODA FOR RURAL, WATER AND ENVIRONMENTAL INVESTMENT

FIGURE 2.4: DISTRIBUTION OF AID FOR LAND AND WATER BY REGION (MEAN 1995…2008)
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to allocating at least 10 percent of their national budgets to agriculture and rural 

development. However, actual transfers and investments have fallen short of these 

targets. Governments, authorities and development practitioners are thus facing 

the paradox of having agreed to development goals requiring increased produc-

tion with diminishing per capita natural resources, but without the accompanying 

investment to do this.

Conclusions

Maintaining the integrity of linked land and water systems to meet an increasingly 

sophisticated set of competing demands has become a well-accepted global priority. 

Integrated river basin development has been embraced as an ideal tool for reconcil-

ing these demands since the mid-20th century. But the practice has been overrun by 

the sheer pace of economic development, and the subsequent expansion of urban, 

industrial and agricultural land use in river basins. A decade into the 21st century, 

a return to integration should be much better informed. Advanced knowledge on 

the hydrological cycle, improved agricultural practices and new tools for mitigat-

ing the impacts of chemical pollutants and managing wastewater now offer a set of 

knowledge-rich solutions to reduce environmental impact. When combined with 

stakeholder-centred institutional approaches to resource management, the scope 

for effecting positive change across the key land and water systems that furnish 

the global food supply is expanded. Conservation of forests and wetlands will be 

particularly important in this context, as they play a crucial role as natural regula-

tors of the hydrological cycle. Addressing systems at risk will require land and water 

management institutions to become much more resourceful in the way they engage 

with stakeholders and deploy solutions.
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Chapter 3

LAND AND WATER 
SYSTEMS AT RISK
The previous chapters have highlighted the current and future threats 

to agricultural systems across the world. It is clear that current 

practices and models of agricultural development that have been 

followed during the last 50 years are far from satisfactorily addressing 

the challenges of poverty reduction, food security and environmental 

sustainability. A total of 975 million people, most living in rural areas, 

do not have the food security they deserve. Under pressure from 

agriculture, both soil and water are being harmed, erosion accelerated, 

salinization and seawater intrusion progressed, and groundwater 

depleted. In addition, the current model of intensive agriculture is 

associated with a high carbon and greenhouse gas footprint, while at 

the same time many agricultural systems are highly vulnerable to the 

predicted impacts of climate change.
















































































































































































































































































































































































