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KEY MESSAGES:
EXECUTIVE SUMMARY

The Outlook for Water and Food Security in 2050

1. The prospect for global food supply between now and 2050 is encou-
raging, although many of the poor will remain food insecure.

Food production will be sufficient to support a global population of 9 to
10 billion in 2050, although food and nutritional insecurity will persist in many
regions. Substantial public and private-sector investments and policy interven-
tions are needed between now and 2050, particularly in agriculture, to reduce
poverty, increase incomes, and ensure food security for many of the world'’s
rural and urban residents.

2. While there will be sufficient water to satisfy the demand for food at
the global level, an increasing number of regions will face growing water
scarcity, which will impact rural and urban livelihoods, food security and
economic activities.

Globally, water resources will be sufficient to produce the food required in
2050, but many regions will face substantial water scarcity. Water shortages
will result in increasing competition, which will constrain agricultural produc-
tion and affect the incomes and livelihood opportunities of many residents
in rural and urban areas. Innovative and more effective governance mechani-
sms, together with investments in water technologies and infrastructure will be
needed to mitigate the impacts of growing water shortages to ensure water is
allocated in such a way as to secure its efficient use, protection of the natural
resource base, and to ensure access to water for household use and agricultural
production. Countries in water-scarce regions will increasingly need to devise
food security strategies that explicitly consider structural food supply deficit
and trade arrangements that will provide protection from food price volatility.

Critical Issues Determining the Outlook for 2050

3. Much of the net growth in the global population up to 2050 will occur
in the cities of developing countries, thus increasing urban demands for
water and food.

The net growth in the global population between now and 2050 will occur in
the cities of lower income countries. Increasing urbanization will impact the
volume and quality of water available for agriculture, particularly in peri-urban
areas. Agriculture can support larger numbers of urban residents, but farmers
must be able to retain access to sufficient water to support crop and livestock
production. The interaction between cities and the countryside will become
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increasingly intertwined and, if well managed, will offer new opportunities for
mutual benefit, including recycling and reuse of water and nutrients held in
municipal waste products.

4. At the same time, in 2050 a substantial share of the global population,
and many of the poor, will continue to earn their living from agriculture.
Even with increasing urbanization, in 2050 much of the global population,
and most of the poor, will continue to earn their living in agriculture. Thus,
investments in agriculture in lower income countries will be critical in raising
incomes of the poor and enabling them to achieve household food and nu-
tritional security.

5. In 2050, agriculture will continue to be the largest user of water
globally, accounting for more than half of withdrawals from rivers,
lakes and aquifers, and will need to become increasingly efficient.
Agriculture will continue to be the largest user of developed water resources in
most countries, often accounting for 70 percent or more of water withdrawals
from rivers, lakes and aquifers. Increasing demand for water in cities and from
industries, and for environmental flows, will reduce the volume of water avai-
lable for agriculture in many areas. Yet, globally, the volume of water transpi-
red in crop and livestock production must increase between now and 2050 to
keep up with increasing demand. In many regions, farmers will need to adapt
to less water being available for irrigation, while facing increasing demands for
their products. Innovative technologies and investments are required for edu-
cation and training in the management of water for both irrigated and rainfed
settings so as to achieve more productive use of water in agriculture.

6. Climate change will increasingly necessitate investment in measures
to enhance adaptation in agriculture that are mostly related to water
management.

Climate change will bring greater variation in weather events, more frequent
weather extremes, and new challenges requiring adaptation, particularly with
regard to water and agriculture. More investments will be needed for measures
that will enhance adaptation at the regional, watershed and household levels,
such as water storage structures, conjunctive use of groundwater and surface
water, wastewater capture and reuse, agroforestry, and research that genera-
tes more resilient production systems for smallholders. More effort is required
to protect and sustain upland areas and mountainous regions where much of
the world'’s water supply originates.

7. The excessive use and degradation of water resources in key produc-
tion regions are threatening the sustainability of livelihoods that are
dependent on water and agriculture.

In several key production regions, water resources are over-exploited or
degraded in ways that are not sustainable. In large areas of South and East
Asia, in the Near East, North Africa, North and Central America, groundwater
withdrawals exceed the rates of natural recharge and aquifers are in decline.

Towards a Water and Food Secure Future: Critical Perspectives for Policy-makers



In these regions, millions of households depend on water for production
and over-exploitation cannot continue indefinitely. In other places, intensive
agriculture, industrial development and growing cities pollute water bodies
to the extent that domestic or agricultural is impossible. Urgent, policy inter-
ventions are needed to reduce water withdrawals and pollution in a planned
and gradual manner, while assisting households to pursue alternative live-
lihood activities.

Essential Policies and Investments

8. Public investments and policies must help encourage private in-
vestments in technologies and management practices that enhance
the sustainable production of crops, livestock, and fish by both small-
holders and larger scale producers.

Continuous investment is essential in public research of technologies that will
intensify smallholder crop, livestock and fish production. Improvements should
be made in crop and livestock genetics, and in production techniques that will
permit farmers to increase their output on the limited land and water availa-
ble. These resources must be made available to smallholders, together with
supporting investments in education, training and outreach. Private sector in-
vestments and public-private partnerships will increase the pace at which new
technologies can be developed and implemented.

9. Investments are needed in programmes that enhance risk manage-
ment in rainfed and irrigated settings.

Investments and programmes that enhance agricultural risk management,
particularly for smallholders, will be critical in enabling farm households to
adopt new technologies, diversify their activities, and sustain food security
during periods of high input prices, low crop yields and major weather events.
In addition to a more systematic use of climatic index-based insurance products,
investments are needed in infrastructure that enhance the availability and tran-
sport of farm inputs, crop and livestock products, and reduce the transaction
costs of marketing farm produce. Such investments will increase the value ge-
nerated by farmers using limited water resources, while improving household
food and nutritional security.

10. Access to water for domestic and other activities must be expanded.
Further investments in water, sanitation, and health will be essential
components of efforts to achieve household food and nutrition security,
particularly in lower income countries.

Investments in drinking water supply, water quality, sanitation and health care
that particularly focus on women and children are essential to ensure urban
and rural residents can fully utilize available food and nutrition. Improved sa-
nitation and health will ameliorate the effects of chronic diseases and other
impediments to household welfare and education and increase productive op-
portunities. Successful use is essential for good health, as sufficient water is
needed at the household level to secure growth and development for produc-

Key Messages: Executive Summary



tivity, income-generation and food security. This virtuous cycle revolves around
assured access to affordable clean water, sanitation and health facilities.

11. Policies and investments are needed to create viable, sustainable
off-farm employment opportunities in rural areas.

Policies and investments are needed that will enhance off-farm employment
opportunities in rural areas so as to increase incomes, reduce poverty, and
improve food security, particularly where land and water resources are inade-
quate to support higher population densities. Higher incomes are essential to
achieving food security, and in many rural areas, will need to be derived from
new, off-farm employment.

12. Policies and investments are needed to enhance the role, equality
and success of women in agriculture.

Women are responsible for much of the farming in Asia and Africa, and yet
many of the institutional settings that influence agriculture do not support
women'’s role in the sector. More appropriate institutions, supportive policies,
and strategic investments are needed to enhance the role and success of women
in agriculture, particularly in production, but also in research, education and
outreach. Policies regarding the security of land tenure, secure access to water,
credit, and representation in water user associations and farmer cooperatives
are essential. So, too, are programmes that encourage women to enter careers
in agricultural research, extension and teaching.

Water Governance, Institutions, and Incentives

13. Water institutions must communicate water scarcity conditions to
users through instruments such as transparent allocation mechanisms,
pricing, the assignment of water rights, entitlements and other incen-
tive mechanisms, as appropriate in each setting, with proper measures
prepared to protect the poor and the disadvantaged.

With increasing competition for water in agriculture and other sectors, national
and provincial governments will need to effectively communicate water scarcity
conditions, thus ensuring that water is allocated equitably and efficiently, and
that all consumers are motivated to use water wisely. In the same way that
security of land tenure is essential in encouraging efficient land use, secure
water rights and allocations can motivate farmers to invest in their land and
augment their returns from irrigated agriculture. Efforts towards continuous
cooperation in international river basins will safeguard water and food security
in countries that share surface or groundwater resources.

14. Innovations in water governance will be needed in many areas,
partly because of the increasing competition for limited water supplies.
Given future increasing competition for water across sectors, innovative
systems will be required for water rights, allocation and management. Original
forms of water governance were once effective in allocating and managing
water during relative abundance, or when most water was used for agricul-
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ture. New governance structures will provide broader groups of water users
with enhanced involvement in water development, allocation and manage-
ment decisions. Expected outcomes include wiser investment programmes that
contribute to the achievement of sustainable water use, including appropriate
concern for environmental amenities.

Key Messages: Executive Summary
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1. INTRODUCTION

The aim of this paper is to provide policy-makers with a helpful overview of the
technical and economic aspects of water use in agriculture, with particular emphasis
on crop and livestock production. Through 2050, in many countries, agriculture
will remain an important determinant of economic growth, poverty reduction, and
food security, even as, over time, the proportion of agricultural revenue in national
gross income declines. Water use in agriculture will remain substantial, irrigated
areas will expand and competition for water will increase in all sectors. Most likely,
overall supplies of land and water will be sufficient to achieve global food pro-
duction goals in 2050; although poverty and food insecurity will remain pressing
challenges in several regions and countries. Thus, the focus of this report is on the
regional and national aspects of food security.

Some of the future policies and investments needed to achieve food security in the
most challenged regions and countries will relate directly to water, while others will
pertain to agriculture more generally, and to other sectors in which water is used.
Water interacts with other inputs in agriculture and is essential for providing and
sustaining environmental amenities. The science and policy of water resources are
complex, yet the fundamental challenge for policy-makers is straightforward.

Appropriate policies must be implemented, and the right investments must be
made, at regional and national levels to ensure water volume, quality, and access
are sufficient to support livelihoods and ensure food security in 2050 and beyond.
Appropriate interventions will address water use in agriculture and other industri-
es, municipal uses, environmental amenities and ecosystem services.

The mission of achieving sustainable use of water resources to support food security
in 2050 and beyond is linked closely to several of the goals and preliminary objecti-
ves of the United Nations Sustainable Development Goals initiative [Box 1].



Box 1. Water, Food, and Agriculture in the Sustainable Development Goals

The Millennium Development Goals (MDGs), and their targets for 2015, motivated
notable advances in poverty reduction, and in the health of women and children in
many lower income countries (Cabero-Roura and Rushwan, 2014; Cohen et al., 2014;
Lomazzi et al., 2014). The international community is now engaged in defining and
agreeing upon a new set of global objectives that more broadly pertain to the concept
of achieving sustainable economic development (Dora et al., 2015).

Two of the 17 proposed Sustainable Development Goals (SDGs) align closely with issues
regarding water and food security (Maurice, 2013). In particular, SDG 2 calls for ending
hunger, achieving food security and improving nutrition, while promoting sustainable
agriculture. SDG 6 calls for ensuring the availability and sustainable management of
water and sanitation for all (United Nations, 2014).

The objectives listed under SDG 2 describe both the demand and supply aspects of food
security. In addition to calling for universal access to safe, nutritious and sufficient food,
the objectives call for doubling the agricultural productivity and incomes of small-scale
food producers, with a particular focus on women, indigenous peoples, family farmers,
pastoralists and fishers. They note the importance of ensuring secure and equal access
to land, other productive resources and inputs, knowledge, financial services, markets
and opportunities for value addition and non-farm employment (United Nations, 2014).
It is essential that smallholders, and their households, have access to the resources and
inputs needed to engage in livelihoods that will enable them to purchase food, parti-
cularly at times of short supplies and high prices.

Also embedded within SDG 2 is the call for ensuring sustainable food production
systems and implementing resilient agricultural practices that increase productivity
and production, while maintaining ecosystems, and mitigating the potential impacts of
climate change (United Nations, 2014). To this end, it is essential that the international
research community continue to generate global public goods, such as state-of-the-art
research and outreach regarding climate-resilient agriculture, new varieties of cultiva-
ted plants, and improvements in livestock health and performance.

Several of the objectives within SDG 6 pertain to water supply, sanitation and wastewa-
ter recovery, yet several reflect issues involving agriculture more directly. For example,
some of the objectives within SDG 6 describe the need to increase water-use efficiency
in all sectors, achieve sustainable withdrawals of freshwater resources, implement inte-
grated water resources management, protect the quality of lakes, rivers, wetlands and
aquifers, and substantially reduce the number of people impacted by water scarcity
(United Nations, 2014). Although not stated explicitly, the need to ensure access to
water for use in food production and in support of other livelihood activities is implied
within these objectives, as noted by the call for achieving sustainable freshwater
withdrawals, protecting water sources and alleviating the impacts of water scarcity.

Towards a Water and Food Secure Future: Critical Perspectives for Policy-makers



2. FOOD SECURITY:
AVAILABILITY, ACCESS,
UTILIZATION, AND STABILITY

The Declaration of the World Summit on Food Security, published in 2009, defines
food security as the condition in which “all people, at all times, have physical, social
and economic access to sufficient, safe and nutritious food, which meets their
dietary needs and food preferences for an active and healthy life” (FAO, 2009).
Within this definition, four dimensions of food security are identified:

1. Food availability;

2. Economic and physical access to food;

3. Food utilization; and

4. Stability, which involves exposure to vulnerability and shocks, over time.

These dimensions can be evaluated at each of the relevant levels or scales by exami-
ning indicators pertaining to global, national and household food security.

Availability

Globally, food availability has increased substantially in recent decades, as the growth
in agricultural output has exceeded the rate of population growth (Ray et al., 2012,
2013). Over this time, production per person has increased in all regions except sub-
Saharan Africa. Diet quality has improved in all regions except Africa and South Asia
(FAO, IFAD and WFP, 2013). Food availability is enhanced by improvements in agri-
culture; capture fisheries, aquaculture and the harvesting of forest products (FAO,
IFAD and WFP, 2013).

Food production has been increasing faster than the rate of population growth for
many years, in all regions except sub-Saharan Africa (Jayne et al., 2010). Probably
this pattern will continue for some time, such that the global average produc-
tion of food per person will continue to increase. Yet, global food demands can
be satisfied while hundreds of millions of poor households remain food insecure.
The leading cause of household food insecurity is the lack of sufficient income to
purchase food in local markets, particularly during seasons and years when food is
scarce and expensive (Barrett, 2010; Organisation for Economic Co-operation and
Development (OECD) 2013; Harris and Orr, 2014; Nawrotzki et al., 2014). Availabi-
lity is a necessary condition for household and national food security, but so too is
affordable access to the available food.

Access

Access to food has both physical and economic dimensions. Infrastructure such as
ports, roads, and railways are essential for moving food from areas of production



to market centres. The same facilities are needed to carry farm inputs such as seeds,
fertilizer, and chemicals to rural areas at the right times and in the amounts required
to support agricultural production. The economic dimension of food access pertains
to the affordability of food at the household level. Even in areas with adequate
infrastructure, households must earn the income required to purchase food in local
markets. Many poor households are food insecure because they lack the money to
purchase food and nutrition.

Food security at national and household levels can be notably impaired by price
spikes that occur in response to regional crop shortages, and the consequent
hoarding by producers and consumers in exporting countries (Timmer, 2008, 2010;
Briones, 2011). The disruption in food trade, caused by the hoarding of commodi-
ties for domestic consumption, can elevate a regional crop shortage into a global
food crisis, with substantial welfare losses in food importing countries. Largely, the
rapid increases in grain prices in 2007 and 2008 were started by the decision of
India to cease exports of non-Basmati rice, and market interventions in Viet Nam,
Thailand and the Philippines to protect domestic rice supplies (Timmer, 2010).

Such interventions degrade public faith in international markets, causing producers
and consumers to call for protective trade policies that will limit helpful market
responses to regional crop shortages (Timmer, 2012). Further price spikes could
be mitigated by cooperation in the design of an international programme that
would respond to crop shortages by coordinating the storage and release of key
food grains, while enhancing both national and global food security (Belesky, 2014;
Gilbert, 2012). Also, national efforts to improve economic growth, institutions and
stabilize food prices would be helpful (Cummings, 2012; Dawe and Timmer, 2012;
Timmer, 2012; Galtier, 2013).

Policies and interventions, designed to achieve food security, must address the issues
that constrain household access to affordable food and nutrition. Investing only to
increase global food supply will not ensure household food security or reduce the
poverty that limits the capacity of many households to purchase food. It is essen-
tial that competing demands be considered for land and water in other sectors as
well as the environmental implications of investing in agriculture. Many smallhol-
ders depend on ecosystem services that can be notably impacted by investments
intended to assist increase their productive capacity. The optimal investment pro-
gramme will vary with location and the nature of resource interactions and pressu-
res in each production setting.

Utilization

Food utilization reflects the importance of good health, as both an input to achie-
ving food security and as an indicator of successful outcomes. For example, children
suffering from inadequate nutrition or diarrhoea cannot digest all the nutrients
in their food (FAO et al., 2013). Thus, improvements are essential in health and
sanitation, and strengthening children’s access to adequate nutrition in efforts to
enhance food security. On their own merit, providing safe water and sanitation to
all residents in lower income countries are important objectives, and success in ex-
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panding services more broadly to urban and rural residents will improve food and
nutritional security (Misselhorn et al., 2012).

There are evident gender and age dimensions to the utilization component of food
security. Provision of adequate nutrition during the first 1 000 days, from concep-
tion to age two, greatly improves a child’s opportunity for successful growth and
development (Bhutta, 2013; Black and Hurley, 2014). Ensuring adequate nutrition
for pregnant and lactating women provides substantial health benefits for both
mothers and children (Black et al., 2013; Fanzo, 2014). Policies and interventions,
intended to improve national or household food security, should include com-
ponents that explicitly improve the food and nutrition available to women and
children. Substantial progress has been achieved in recent years in reducing child
mortality; yet additional interventions are required to extend the reach of current
programmes (Bryce et al., 2013).

In 2013, women comprised an estimated 43 percent of the global, paid agricultu-
ral labour force. This proportion, which varies with crops and production activi-
ties, ranges from just over 20 percent in Southern and Central America to almost
50 percent in East Asia and Africa (FAO, 2015a). Thus, in many regions, the nutritio-
nal status of women is both a critical input and an important outcome of successful
agricultural production. Agricultural and social policies that enhance women'’s status
regarding property rights, land tenure, access to credit, and technical assistance will
permit women farmers to increase crop production for sale and subsistence, while
enhancing the nutritional status of women and children, and improving the health
and welfare of farm households (Kevane, 2012; Ezezika et al., 2013; Nabarro, 2013;
Ruel and Alderman, 2013; Du et al., 2015).

Stability

Stability involves risk and uncertainty at the global, national and household levels.
Globally, over time, the output of major food crops can vary with changes in rainfall
patterns, and because of floods, droughts, or pest infestations in key production
areas. Such events can impact national food security, which depends on internatio-
nal trade, currency exchange rates and political considerations.

Households and smallholder farmers are particularly vulnerable to unexpected
changes in market conditions, as, generally, they are unable to pay higher prices for
food when there is a regional scarcity, or are unable to change production options
quickly in response to market changes. The sharp increases in food prices observed
in 2007-2008 caused the number of undernourished people around the world to
increase from an estimated 850 million in 2007 to about 1 023 million in 2009 (High
Level Panel of Experts on Food Security and Nutrition [HLPE], 2011).

Briefly, successful efforts to achieve food security at the national level and in hou-
seholds will require that a broad range of issues are examined involving agriculture,
natural resources and livelihoods. Also, policies, institutions, and incentives should
be considered that would encourage producers and consumers to make choices
consistent with the notion of achieving sustainable food and agriculture. [Box 2].

2. Food Security: Availability, Access, Utilization, and Stability



Box 2. Seeking Sustainable Food and Agriculture: FAO’s SFA Approach

The Food and Agriculture Organization of the United Nations (FAO) has been promo-
ting the concept of Sustainable Food and Agriculture for many years. The premise for
the programme is somewhat self-evident, as the notion of sustainability is embedded
within the definition of food security. A household or country cannot be food secure
if the agricultural sector within the country, or in the countries from which food is
imported, is unsustainable. Thus, efforts to ensure food security must ensure the sustai-
nability of agriculture.

Given this premise, FAO has identified five principles that comprise its approach to Su-
stainable Food and Agriculture:

e Improving efficiency in the use of resources is crucial to sustainable agriculture.
e Sustainability requires direct action to conserve, protect
and enhance natural resources.
e Agriculture that fails to protect and improve rural livelihoods, equity
and social well-being is unsustainable.
e Enhanced resilience of people, communities and ecosystems
is key to sustainable agriculture.
e Sustainable food and agriculture requires responsible
and effective governance mechanisms.

These principles reflect the importance of maintaining and enhancing the resource
base that supports agriculture, and the importance of improving the livelihoods of
the households and communities that engage directly in the sector. Truly sustainable
agriculture allocates equal status to people, natural resources, and ecosystem services
with the goals of increasing crop yields and generating sufficient crop and livestock
products. This approach to agriculture can carry the global population successfully
to 2050 and beyond, while helping to lift millions of smallholder households out of
poverty, permitting them to enjoy more productive livelihoods, in which their food and
nutritional security is assured.

Towards a Water and Food Secure Future: Critical Perspectives for Policy-makers



3. KEY MESSAGES: DISCUSSION

THE OUTLOOK FOR WATER AND FOOD IN 2050

Key Message 1

The prospect for global food supply between now and 2050 is encouraging,
although many of the poor will remain food insecure.

Food production will be sufficient to support a global population of 9 to 10 billion
in 2050, but food and nutritional insecurity will persist in many regions. Substantial
public and private-sector investments and policy interventions are needed between
now and 2050, particularly in agriculture, to reduce poverty, increase incomes, and
ensure food security for many of the world’s rural and urban residents.

The outlook for global food production in 2050, as compared with global food
demand, is positive. It is expected that sufficient food will be available in 2050,
although food insecurity will continue to be a serious issue in regions and countries
with inadequate per capita food consumption (Alexandratos and Bruinsma, 2012).
Global incomes are expected to rise substantially by 2050, yet areas of observable
poverty will persist in some countries, particularly in sub-Saharan Africa. The per
capita annual income in 2050 may remain below US$1 000 in 15 of the 98 lower
income countries examined by Alexandratos and Bruinsma (2012). Average food
consumption could remain below 2 700 Kcal per person in 16 of the 98 countries;
the 16 countries will become home to a population of 800 million. As a comparison,
an estimated 4.7 billion people, 52 percent of the global population, will live in
countries where the national average is more than 3 000 Kcal per person per day,
up from 1.9 billion or 28 percent in 2011 (Alexandratos and Bruinsma, 2012).

Globally, the estimated increase in food production required to ensure food security
in 2050 ranges from 60 to 100 percent above production in 2005 (Bruinsma, 2009).
These proportions are notably higher than the rate of increase in population up
to 2050, largely because of increasing demands and changing food preferences
that come with higher incomes. Household and per capita food consumption will
increase in many countries, and many residents will consume more meat and ve-
getables. Generally, these commodities, particularly beef, require more water and
other inputs other than grains, per calorie of food consumed (Eshel et al., 2014).
In some regions, the increasing demand for meat will place additional pressure on
limited water resources. The projected increases in food demand, when realized,
will reflect a significant improvement in food and nutritional security in households
where there is sufficient income to buy adequate food.

Much of the persistent food and nutritional insecurity in 2050, as for today, will be
found in poor households in countries with lower gross incomes, and in areas where
depleted or degraded natural resources no longer support viable livelihood activi-
ties for smallholders. The primary cause of food insecurity will be persistent poverty,
which prevents households from gaining access to sufficient food and nutrition,



particularly during periods of notable scarcity or high prices. Thus, the policies and
investments that will most likely enhance food security will be those that promote
economic growth and increase incomes, particularly in rural areas, where many of
the world’s poor are engaged in agriculture.

Key Message 2

While water will be sufficient to satisfy the demand for food globally, an
increasing number of regions will face growing water scarcity, which will
impact rural and urban livelihoods, food security and economic activities.

Globally, water resources will be sufficient to produce the food required in 2050,
although many regions will face substantial water scarcity. Water shortages will
result in increasing competition, which will constrain agricultural production and
affect the incomes and livelihood opportunities of many residents in rural and
urban areas. Innovative and more effective governance mechanisms, together with
investments in water technologies and infrastructure will be required to mitigate
the impacts of growing water shortages and to ensure water is allocated in a way
that ensures efficient use, while protecting the natural resources base, and safe-
guarding access to water for household use and agricultural production. Countries
in water-scarce regions will increasingly need to devise food security strategies that
explicitly consider structural food supply deficit and trade arrangements to protect
them from food price volatility.

The volume of water withdrawn for irrigation, globally, will increase from
2.6 billion km? in 2005-2007 to an estimated 2.9 billion km? in 2050, with most of
the net increase occurring in lower income countries (Bruinsma, 2011; FAO, 2011b,
p.57). The irrigation requirement, which is the portion of consumptive use from
irrigation withdrawals, is estimated to increase from 1.27 billion km3 to 1.34 billion
km?3. Generally, freshwater resources are sufficient to support this modest increase,
although substantial water scarcity will persist in the Near East and North Africa,
South Asia and elsewhere. Water scarcity will intensify in areas where current rates
of surface and groundwater withdrawals are not sustainable, such as the North
China Plain and portions of Central and South Asia.

Many analysts have suggested that there will be sufficient water in 2050 to produce
the food needed to support a global population of 9 to 10 billion, provided water
resources are allocated and managed wisely, and gains in agricultural productivi-
ty are achieved (de Fraiture et al., 2010; de Fraiture and Wichelns, 2010; Springer
and Duchin, 2014). Wise allocation and use involves understanding the role of
water in crop and livestock production, and its use in municipal, commercial, indu-
strial sectors and in the provision of ecosystem services. The demand for water will
continue to increase at pace with the global population, rising incomes, and suc-
cessful efforts to extend water supply and sanitation to all residents of urban and
rural areas, particularly in lower income countries.

Meeting these increasing demands will require that policy-makers and water pur-
veyors provide effective leadership in communicating water scarcity conditions,
appropriately allocating developed water supplies, encouraging wise use in all
sectors, and accurately conveying the prospects of enhancing the broad spectrum
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of benefits obtained from water in productive and environmental uses. In countri-
es, where there are many smallholder farmers, policy-makers should ensure access
to land and water for agricultural households, because their livelihoods and food
security are closely linked to the small areas of land and quantities of water used to
produce crops and raise livestock.

Water scarcity will constrain agricultural production and livelihood activities in many
additional areas in 2050, as the demands for water in agriculture and other sectors
continue to increase. Land and water allocation between sectors will become an
increasingly challenging political decision, with notable social and economic im-
plications, as cities expand into agricultural areas, and as commerce and industry
require additional water supplies. Smallholder farmers in peri-urban areas will be
at risk of losing access to land and water to support their agricultural livelihoods.

Critical Issues Determining the Outlook for 2050

Key Message 3

Much of the net growth in global population up to 2050 will occur in the cities
of developing countries, thus increasing urban demands for water and food.

The net growth in global population between now and 2050 will occur in the cities
of lower income countries. Increasing urbanization will impact the volume and
quality of water available for agriculture, particularly in peri-urban areas. Agricul-
ture can support larger numbers of urban residents, but farmers must be able to
retain access to sufficient water to support crop and livestock production. The in-
teraction between cities and the countryside will become increasingly intertwined
and, if well managed, will offer new opportunities for mutual benefit, including
recycling and reuse of water and nutrients held within municipal waste products.

The global population rate is slowing, however, in both rural and urban areas the
population will continue to increase for many years. Projections suggest that the
global population will reach 9 to 10 billion, before stabilizing and eventually de-
clining. Most of the net increase in global population between 2015 and 2050 will
occur in the urban areas of lower income countries. In many regions, increasing
urbanization, and the potential impacts of climate change on crop and livestock
production, add urgency to the question of whether or not food demands will be
met sustainably. It is essential therefore; that food produced in 2050 is accessible
and affordable to everyone, in the interest of achieving national and household
food security in all countries.

Population growth will continue to decline in many regions from today through
2050, yet many will be added to the global population each year. Most of the net
growth will occur in lower income countries, and much will take place in urban
areas. The declining rate of growth, overall, may reduce the demand pressures
on land and water resources (Alexandratos and Bruinsma, 2012). Yet, local and
regional resource issues could remain important and require critical attention, par-
ticularly in countries where population growth remains strong and where food
insecurity persists.

3. Key Messages: Discussion
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Increasing urbanization will impact the volume and quality of water available
for agriculture, particularly in peri-urban areas (Qadir et al., 2010). Substantial
public and private investments in wastewater capture, treatment, and reuse will
be required to protect public health in urban areas and to utilize both the water
and nutrients in effluent streams. As cities expand, and urban populations increase,
it will become increasingly important to capture the nitrogen, phosphorus, and
other plant nutrients in wastewater, for use in agriculture. Efforts will be needed to
ensure that farmers in peri-urban areas retain access to water for irrigation, parti-
cularly when there is collection and treatment of wastewater.

Technological advances for capturing and treating wastewater in the rural areas
of lower income countries will improve water quality in rural villages and enhance
the safety and effectiveness of wastewater irrigation, particularly for smallholder
farms (Kim et al., 2014). Research on business models for the generation of income
through the collection, treatment and sale of wastewater products will encourage
private companies to provide wastewater service in areas that are not included in
public collection and treatment programmes (Murray et al., 2011; Wichelns and
Drechsel, 2011; Scott and Raschid-Sally, 2012; Otoo et al., 2015).

Key Message 4

At the same time, a substantial share of the global population, and many of
the poor, will continue to earn their living in agriculture in 2050.

Even with increasing urbanization, much of the global population, and most of the
poor, will continue to earn their living in agriculture in 2050. Thus, investments in
agriculture in lower income countries will be critical in raising the income level of
the poor and assisting them to achieve household food and nutritional security.

Smallholder agriculture will continue to be the dominant economic activity in
much of rural Africa and Asia, although the nature of smallholder agriculture
may change [Box 3]. In Africa, as a result of increasing population, the average
farm size may continue to decline. In portions of Asia, the average farm size could
begin to increase, as population growth slows, and as rural residents move to
cities in search of employment. In all areas, smallholders will link more closely
with commercial traders and market chains, although the pace and degree of
such interactions will vary notably across countries and regions. This will create
both opportunities and challenges for smallholder farmers who may have limited
experience interacting in formal markets.

Key Message 5

In 2050, agriculture will continue to be the largest user of water resources
withdrawn for human use, accounting for more than half of withdrawals
from rivers, lakes, and aquifers, but will need to become increasingly efficient.

Agriculture will continue to be the largest user of developed water resources
globally, often accounting for 70 percent or more of water withdrawals from
rivers, lakes, and aquifers. Increasing demands for water in cities and industries,
and for environmental flows, will reduce the volume of water available for agri-
culture in many areas. Yet, globally, the volume of water transpired in crop and
livestock production must increase between now and 2050 to keep up with in-
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creasing demand. Farmers in many regions will need to adapt to there being less
water available for irrigation, while facing increasing demands for their products.
Innovations in technology and investments in education and training with regard
to managing water in both irrigated and rainfed settings are needed to achieve
more productive use of water in agriculture.

Box 3. The Changing Role and Status of Smallholders

Smallholder crop and livestock production in lower income countries contributes directly
to household, regional, and national food security by enhancing home consumption
and providing a source of affordable food in local and regional markets (Tscharntke
et al., 2012; HLPE, 2013). Smallholder production provides households with the income
needed to purchase the crop and livestock products they do not produce. Income can
be saved as cash, or in the form of durable assets, for purchasing food during years
when crop production is impaired by inadequate rainfall or a pest infestation. Savings
are needed also when local food prices rise sharply, as a result of disruptions to local or
international markets. Income from crop production enables households to purchase
meat and vegetables that enhance their nutrition. Policies and interventions that
support smallholder agriculture will be essential to ensuring household, regional, and
national food security in many lower income countries.

The impacts of climate change on smallholders could be particularly severe, given their
limited opportunities for adaptation. Small households, with limited finance and little
or no access to irrigation, may be forced to seek new livelihoods if the changes in tem-
perature and rainfall preclude them from continuing to grow crops and raise livestock.
Policy makers should evaluate the global and local implications of climate change,
while considering the differing impacts on large farms and smallholders. This is because
smallholder output contributes to both household and regional food consumption.

Smallholder agriculture is evolving along somewhat different trajectories in Africa and
Asia, although the starting points are quite different. The average farm size in Africa
is declining, and will continue to decline through 2050, as the rural population on
the continent increases (Masters et al., 2013). Hazel (2013) projects that the average
annual growth rate in the rural population of Africa will slow from the 2.8 percent
rate observed during 1990 to 2010, to 1.35 percent from 2011 to 2030, and to just
0.63 percent from 2030 to 2050. This contrasts with the projected average annual
growth rates for the rural population in Asia, which are minus 0.35 percent for 2011
to 2030 and minus 0.83 percent for 2030 to 2050. These represent a substantial decline
from the rate of 0.32 percent observed from 1990 to 2010.

The rate of change for the rural population determines average farm size, as most rural
residents engage in agriculture, and the amount of land available is essentially fixed
(Masters et al., 2013). Thus, it is possible that the average farm size in Asia will begin
increasing, while the average farm size in Africa will continue to decline. Currently, po-
pulation density in much of rural Asia is higher than that in rural Africa, such that the
average farm size is quite small in much of Asia. In both regions, the increasing demand
for agricultural output, in both domestic and international markets, should provide the
impetus for public and private sector efforts to increase the productivity of crop and
livestock production. Substantial investments are needed, particularly in Africa, where
the perpetually low rates of fertilizer application have resulted in nutrient mining of
farm soils for many years (Bekunda et al., 2010).

3. Key Messages: Discussion
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Box 3. The Changing Role and Status of Smallholders (continued)

As the demand for land and water increases in future, there will be pressure on national
governments to provide sufficient resources for producing essential amounts of the
standard food and feed crops, such as rice, wheat and maize. Maintaining sufficient
production to meet global demands is essential, but so too is the need to ensure that all
households have affordable access to food and nutrition. To this end, it is essential that
resources be made available to ensure that smallholder households can continue to
engage in the diversified crop and livestock agriculture that supports their livelihoods.
Many smallholders produce some amount of basic food and feed crops, but many also
produce pulses, vegetables, or fish for home consumption or for sale in local markets.
This diversification provides income support and serves as a source of nutrients and
protein not found in the basic food crops. With increasing competition for land and
water, many smallholders could lose access to the resources on which they currently
depend for these activities. Policies and interventions that prevent such losses, and that
assist smallholders in maximizing the value of their limited resources, will be essential
in ensuring household food and nutritional security for all in 2050.

Several authors have suggested that, given the increasing demands for water in
competing sectors, agriculture must in future “produce more food with less water”
(Springer and Duchin, 2014). While compelling at first read, this phrase is not suf-
ficiently precise. The phrase does not distinguish between the water diverted and
applied to farm fields, and the water transpired in the process of generating crop
yields. Much of the water applied in irrigation runs off the ends of farm fields or
percolates into shallow groundwater, where it is available for further use in irri-
gation or for another purpose. Only the portion of water consumed by the crop
during transpiration, and the water that evaporates from plant and soil surfaces, is
‘lost’ from the system at this point in the hydrologic cycle. Opportunities for saving
water through investments in technology will be limited by the extent to which
water is lost in each setting [Box 4].

Box 4. Investments in Irrigation Technology Do Not Always Save Water

Advances in irrigation technology, when used appropriately, can reduce surface runoff
and deep percolation from farm fields, thus potentially reducing water losses to non-
beneficial evaporation and saline aquifers. Often, drip and sprinkler irrigation systems
are recommended as a replacement for surface irrigation in areas with increasing water
scarcity or where farmers use groundwater in excess of annual rates of recharge, with
the aim of saving water by reducing evaporation, surface runoff and deep percolation.
Yet, in areas where surface runoff to rivers and deep percolation to groundwater are
used beneficially by neighbouring farmers or during subsequent seasons, the water is
not actually lost when using surface irrigation methods (Humphreys et al., 2010; Ahmad
et al., 2014). In such settings, the only potential water saving, when switching to a drip
or sprinkler system, to reduce non-beneficial evaporation.

It is possible that the introduction of irrigation methods using higher technology will
motivate farmers to intensify or expand crop production, thus leading to an increase
in the consumptive use of water that is transpired. Drip and sprinkler systems allow
farmers to improve the timing and distribution uniformity of irrigation, which can
enhance crop yields, such that transpiration per hectare increases. The prospect of
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Box 4. Investments in Irrigation Technology Do Not Always Save Water (continued)

higher returns per hectare will encourage some farmers to expand planted area, if the
land is available (Berbel and Mateos, 2014).

Smallholders in Andhra Pradesh, India, increased their plot sizes by an average factor of
2.5 times, in response to the higher yields obtained from rice, sugar cane, sweet orange,
and vegetables after switching to drip irrigation (Raz, 2014). Such a response, while
possibly generating notable increases in income and livelihood status, can increase the
rate of water withdrawal from a declining aquifer or an over-exploited stream.

Policy efforts and investments designed to achieve sustainable water use must acknowled-
ge the distinction between water that consumed by irrigated or rainfed crops; water eva-
porated from plant and soil surfaces; water taken up by non-beneficial vegetation; and
water that runs off farm fields or percolates into an aquifer. In areas where crop produc-
tion is supported by limited surface water sources or aquifers that recharge very slowly,
reduced consumptive use could achieve sustainable water management. Reducing con-
sumptive use could call for substantial changes in cropping patterns, possibly including
reduced irrigated area (Balwinder-Singh et al., 2015). For example, it may be necessary
to limit agricultural production to a single crop, from two or three crops per year, to
bring consumptive use into balance with the available water supply. The implications of
such an outcome on household and regional food security should be considered well in
advance of policy implementation.

Policy-makers must consider the farm-level perspective and economic rationale regar-
ding irrigation technology choices (Vico and Porporato, 2011; Finger and Lehmann,
2012; Heumesser et al., 2012). Many farmers invest in a drip or sprinkler system to
achieve higher yields and increase production, rather than attempting to save water
(@rum et al., 2010; Benouniche et al., 2014). Switching to higher technology systems
can require investment, operation, and maintenance costs in excess of those required
when using traditional, surface irrigation methods. The higher investment costs could
place some farmers at greater financial risk and limit their responsiveness to changes in
the amount or timing of irrigation water supplies, as might occur with climate change
or with increasing competition for water in agriculture and other sectors. For these
reasons, often the expected farm-level adoption rates and aggregate outcomes of pro-
grammes that promote the use of higher technology irrigation systems are not realized
(Van der Kooij et al., 2013; Burnham et al., 2014).

The distinction between water diverted and water transpired is important when
considering water requirements for crop and food production. The relationship
between crop yield or biomass and the amount of water transpired is largely linear
for a given cultivar and production setting (Zwart and Bastiaanssen, 2004; Tolk and
Howell, 2008; Steduto et al., 2009). Thus, in a given setting, lacking technological
advances, higher yields can be generated only by transpiring more water.

Similarly, more water will be transpired in agriculture as planted areas are expanded
in pursuit of higher overall production. Advances in crop production technology
that include genetic enhancement can modify the yield-transpiration relationship,
such that more output is produced per unit of water transpired. Yet, lacking major
advances in technology, the amount of water transpired in agriculture will increase
between now and 2050.

3. Key Messages: Discussion
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The water required to support additional transpiration in 2050 can come from
several sources. These include new development of surface and groundwater re-
sources for use in agriculture, and better attempts to use surface runoff and deep
percolation directly in crop production. Farmers can reduce evaporation by irriga-
ting more carefully, and they can minimize evaporation by non-beneficial plants,
by removing vegetation from irrigation canals and minimizing weeds in crop fields.
Water accounting and water balance analysis will be essential tools in evaluating
opportunities for agricultural intensification and expansion [Box 5].

Box 5. Water Accounting and Water Balance Analysis are Essential

Consistent with the discussion of water diverted, applied, transpired, or returned to
a river or aquifer, it is essential that water ministries and purveyors conduct water
accounting and establish policies and procedures to ensure that regional or basin-
level water balance is maintained over time. Water accounting involves estimating
how much water is diverted, applied, and transpired, how much water is lost, and
how much surface runoff and deep percolation are available for irrigation and other
uses. Water accounting is essential for determining the potential gains from in-
vestments in water saving technology. If little water is lost to evaporation and saline
aquifers, there is little potential to save water with a drip or sprinkler system. It
might be possible and desirable to increase crop yields, but the increase may require
an increase in transpiration.

Water balance involves equating the rates of consumptive use and water losses with
the amount of water available within a season and over time. Continuous overdraft
of an aquifer with a slow rate of recharge will eventually result in the cessation of
pumping from the aquifer, as pumping costs rise with increasing depths to the groun-
dwater, potentially impacting livelihoods and household food security. In areas where
farmers utilize both surface water and groundwater, along a river system or across a
river basin, water balance analysis is essential to understanding interactions involving
users in upstream and downstream settings and in establishing basin management
plans that reflect sustainable water use for crop and livestock production and for
competing activities.

Competing demands in other sectors, and public demands for environmental ameni-
ties, will limit the amount of new development of surface and groundwater for agri-
culture in many regions. Many farmers, however, can improve water management
in ways that reduce non-beneficial evaporation and increase the portion of applied
water that is transpired beneficially by crops. Farmers can increase the amount of
crop yield obtained per unit of water transpired by ensuring that other essential
inputs are available in adequate supply. Crop yields per hectare, and per unit of
water applied, are generally higher when there are sufficient plant nutrients, farm
chemicals, and labour, which are applied at appropriate times during the season.

Key Message 6

Climate change will increasingly necessitate investment in measures that
enhance adaptation in agriculture, mostly related to water management.

Climate change will bring greater variation with more frequent, extreme weather
events. New challenges will require adaptation, particularly with regard to water
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and agriculture. More investments will be needed for measures that strengthen
adaptation at the regional, watershed and household levels, such as water storage
structures, the use of groundwater and surface water, wastewater capture and
reuse, agroforestry, and research that generates more resilient production systems
for smallholders. Increased effort is required to protect and sustain upland areas
and mountainous regions, where much of the world’s water supply originates.

Climate change brings new challenges for farmers, policy-makers and investors.
Globally, it appears that some regions will become warmer and drier, while others
will become cooler and wetter, and the frequency and intensity of major weather
events will change. Yet, the potential impacts on specific regions are uncertain.
Given this uncertainty, the most helpful policies and investments may be those that
provide short-term support for agricultural growth, while allowing some degree
of adjustment as the future unfolds. Investments in roads, markets, capacity-buil-
ding, household health and welfare, advances in crop and livestock genetics, water
storage, and the combined use of surface and groundwater would fit within this
category. So, too, would programmes in crop insurance and improvements in access
to affordable credit at the farm-level.

The potential impacts of climate change influence the future outlook of gains in
agricultural productivity. Some production areas may become warmer and drier,
while others could receive more annual rainfall, although the timing of the addi-
tional precipitation may not be optimal from the viewpoint of seasonal crop pro-
duction (Roudier et al., 2011). Thus, some regions may experience reduced agri-
cultural output, particularly in arid areas where water supplies are limited. Other
areas may experience beneficial changes in cropping patterns and increases in crop
yields, with warmer temperatures and longer growing seasons (Kang et al., 2009;
Gerardeaux et al., 2012; Zhou and Turvey, 2014). Higher concentrations of CO2 wiill
increase the yields of C3 crops for example wheat, rice, barley, sugar beet, and
cotton in some areas, while higher ozone concentrations will negatively impact
others (Jaggard et al., 2010). In large countries, such as China and India, the impacts
of climate change, and the appropriate policy responses and investments, could
vary significantly across production regions (Chauhan et al., 2014; Wei et al., 2014;
Xiong et al., 2010; Zhou and Turvey, 2014).

In some regions, investments in agroforestry could allow for better adaptation
to climate change than mono-cropping systems (Lasco et al., 2014; Mbow et al.,
2014a). Many smallholders in sub-Saharan Africa already practice some form of
agroforestry, as tree-based farming systems offer a degree of crop diversity, thus
improving food security, while providing an alternative source of income, ecolo-
gical benefits and soil enhancement (Mbow et al., 2014b). The initial adoption of
agroforestry, however, brings new risks to the farm level, as the potential impacts
of climate change on agroforestry are not yet fully understood (Luedeling et al.,
2014). Further research is required on market development; cultivar selection; yield
gaps and the gender aspects of agroforestry systems (Smith and Mbow, 2014).

Livestock systems are subject to the potentially extensive impacts of climate change,

with marked consequences for food security and welfare, particularly in lower
income countries (Thornton et al., 2009; Herrero and Thornton, 2013; Godber and
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Wall, 2014; Headey et al., 2014). Sustained high temperatures can impair livestock
health and productivity, directly, while water shortages and higher ozone levels in
the atmosphere can reduce the yields of livestock feed (Nardone et al., 2010; Nielsen
et al., 2013; Megersa et al., 2014; Morignat et al., 2014). The potential impacts of
climate change could be considerable in the livestock sector, as grazing and mixed
rainfed systems account for 70 percent of all ruminants, and two-thirds of the milk
and meat they produce, worldwide (Nardone et al., 2010).

The net effects of climate change on crop and livestock production in some countri-
es will influence the likelihood of achieving national food security in 2050. Poor
residents of lower income countries are particularly vulnerable to climate-change
induced impairment of their food security, given their limited ability to modify
production and consumption activities (HLPE, 2012). Rainfed production, which
accounts for 80 percent of global cropland and 60 percent of global food output,
could be markedly affected by climate change, particularly in arid and semi-arid
areas (Turral et al., 2011). Efforts to mitigate or adapt to climate change, however,
should not preclude research and interventions that increase crop yields and
improve farm income, independent of considerations regarding climate change.
Successful efforts to increase fertilizer use in Africa, or to reduce dependence on
groundwater overdraft on the Indo-Gangetic plain are needed urgently, yet they
may increase variations in farm output under climate change (Lobell, 2014).

Climate change can impact the availability and quality of both surface and groun-
dwater, and affect agricultural production and associated ecosystems. Increasing
variability of rainfall can influence the flow of water in surface systems and the
rates of recharge and discharge from aquifers (Klove et al., 2014; Kurylyk et al.,
2014). Currently, an estimated 38 percent of the global irrigated area depends on
groundwater (Siebert et al., 2013). Further research is needed to describe more fully
the potential effects of climate change on groundwater dependent ecosystems,
although the impacts are thought to be greater in arid regions, on shallow aquifers,
and on ecosystems already stressed in advance of climate change (Klgve et al., 2014;
Menberg et al., 2014).

Further study of interactions involving groundwater withdrawals, irrigation, and
climate change would provide insight for policy-makers considering adaptation
strategies. Ferguson and Maxwell (2012) show that the impacts of irrigation on
groundwater storage and stream discharge in a semi-arid basin in the southern
United States are similar to the simulated impacts of a 2.5 °C rise in temperature.
The implications of this research, as described by the authors, are twofold: 1) Many
semi-arid basins in which groundwater supports irrigation may already be expe-
riencing some of the potential impacts of climate change, and 2) The actual impacts
of climate change could be exacerbated by the additional stress placed on aquifers
supporting irrigation. Thus, policy-makers should have additional incentives for re-
gulating groundwater pumping in semi-arid irrigated basins.

The increased frequency of major weather events, and unexpected changes in
weather patterns brought about by climate change, could cause more frequent
crop failures in key production regions, which would cause short-term reductions in
food supplies resulting in price increases, as occurred in 2008 and 2011. Given this
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likelihood, some degree of coordination among countries in establishing regional
grain reserves, which could be released in times of production shortfalls, would
help limit the harmful effects of a spike in food prices on poor households during
periods of regional crop failure. Importing and exporting countries could share the
cost of maintaining such a reserve.

Key Message 7

The excessive use and degradation of water resources in key production
regions are threatening the sustainability of livelihoods dependent on
water and agriculture.

In several key production regions, water resources are over-exploited or degraded
in ways that are unsustainable. In large areas of South and East Asia, in the Near
East and North Africa and in North and Central America, groundwater withdrawals
exceed the rates of natural recharge and aquifers are in decline. In such regions,
millions of households depend on water for production and over-exploitation
cannot continue indefinitely. In other places, intensive agriculture, industrial de-
velopment and growing cities pollute water bodies to the extent that they are
no longer available for domestic or agricultural use. Urgent policy interventions
are needed, to reduce water withdrawals and pollution in a planned and gradual
manner, while assisting households to pursue alternative livelihood activities.

Groundwater use in agriculture and other sectors has increased substantially since
the middle of the twentieth century and, in many areas, annual groundwater
withdrawals exceed the rate of natural recharge. Global groundwater withdra-
wals in humid to semi-arid areas have increased from an estimated 312 km? per
year in 1960 to an estimated 734 km? per year in 2006. (Wada et al., 2010). Most
of the increased withdrawals and resulting depletion can be attributed to the
increasing use of groundwater for irrigation, in response to rising demands for
agricultural output.

Technological advances during the 1950s through the 1980s, including high-capa-
city pumps and affordable, small-scale pumps and tubewells, facilitated the rapid
increase in groundwater pumping across large areas of North America, South Asia,
and northern China (Qureshi et al., 2008; Shah, 2009; Zhang et al., 2010; Green
et al., 2011; Shi et al., 2011). Subsidized energy prices contributed to intensified
groundwater pumping in South Asia (Shah et al., 2012). Groundwater pumping
is one example of a policy challenge that requires the comprehensive considera-
tion of water, energy and food production goals, together with interactions to
maximize policy success, while the minimizing unintended impacts [Box 6].

Grogan et al. (2015) examine groundwater use across much of China, using a
hydrological model and a process-based crop-growth model. It was found that
groundwater mining accounts for 20 to 49 percent of gross irrigation water
demand, assuming all demand is met. Given this estimate, the authors suggest
that from 15 to 27 percent of China’s current crop production is made possible by
mining groundwater.

3. Key Messages: Discussion
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Box 6. The Water, Energy, and Food Nexus

Water and energy interact in several ways in the production of food and in other pro-
ductive activities. Water and energy are both complements and substitutes in agricultu-
re and, in some settings, each is an input in the generation of the other. In rainfed areas,
usually higher rainfall will generate higher yields that could be associated with larger
amounts of fertilizer and machinery operations. Both of these inputs require notable
amounts of energy. In this sense, water and energy are complements in crop produc-
tion. In irrigated areas, farmers can apply water via gravity flow in furrows or they can
use sprinkler or drip systems that require energy to pressurize the water. Efforts to
improve water management by switching from furrow irrigation to a sprinkler or drip
system often generate greater energy expenditure at the farm level.

Water and energy — and land — also interact in decisions regarding the production of
crops for biofuel. In areas where land and water are limited, the decision to produce
maize, soybeans, or canola for delivery to a biofuel facility reduces the amounts of
those crops available for producing food in the current season. The impacts of such
decisions on local and distant households will depend on market prices for food and
energy, and the returns earned in each activity. Yet, the perception of allocating scarce
resources for energy, instead of food, can have political implications, particularly if
consumer food prices rise, while crops produced locally are used to produce biofuel for
sale in a distant market (Tirado et al., 2010; Van der Horst and Vermeylen, 2011).

The decline in energy prices in 2014 and 2015 will reduce the returns to biofuel pro-
duction, even with current levels of public subsidies in place in some countries. Thus,
the amounts of crops diverted from food to biofuel may decline in the near term. The
long-term implications will depend on further movements in energy prices and any
changes in public subsidy programmes. Public officials will need to evaluate the trade-
offs involved in decisions to support biofuel production (Miyake et al., 2012; Ribeiro,
2013). In areas where local or national food security will remain pressing political and
social issues, it may become difficult to justify support for biofuel production, particu-
larly if energy prices remain lower for some time.

Water, energy, and food also interact in the context of hydropower development in
agricultural river basins (FAO, 2014c; Rasul, 2014). Hydropower projects often provide
water storage for the generation of electricity and for delivery to irrigation schemes
downstream of a reservoir. Operating a hydropower facility to optimize electricity ge-
neration can impose constraints on the release of water for irrigation. In some settings,
the demand for electricity might be greater in winter, while the demand for irrigation
water is highest in summer (Bauer, 2004; Karimov et al., 2013). Constructing a hydropo-
wer project can impact food production when farmers are removed from land that will
be flooded by the reservoir.

Interactions involving water, energy, and food are found also in the context of unsu-
stainable groundwater pumping in some production regions. In the past, several go-
vernments have subsidized energy prices to encourage increases in crop production,
while supporting smallholder households. Although originally implemented with good
intentions, agricultural and energy price subsidies have contributed to the rapid decline
of groundwater levels in India, Pakistan, Mexico and Syria (Shah et al., 2012; Kumar et
al., 2013; Scott, 2013; Aw-Hassan et al., 2014). Farmers provided with very low or flat
rate pricing for electricity have little incentive to minimize their use of groundwater.
Efforts to achieve sustainable water use in such settings must address the price and
availability of the energy used to pump groundwater. Subsidies that remain in place
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Box 6. The Water, Energy, and Food Nexus (continued)

today should be re-evaluated, with due consideration for achieving sustainable use of
groundwater resources (Shah, 2009; Shah et al., 2012).

Nexus interactions are found also in the large amounts of energy required for transpor-
ting irrigation and drinking water supplies in large-scale canal delivery systems, such as
those in California (Scott et al., 2011), and the large energy requirements for desalina-
tion facilities in the Near East and North Africa (Siddigi and Anadon, 2011). Interactions
are pertinent in areas where the demands for energy, water, and land are increasing
in agriculture and in other sectors, particularly where efforts to achieve and sustain
national food security remain a high priority (Mukuve and Fenner, 2015).

Optimizing the combined use of surface water and groundwater will enhance the
sustainability of irrigated agriculture in many regions, particularly where exces-
sive withdrawals cause costly increases in groundwater pumping depths or the
return flows from agriculture degrade water quality in receiving streams (Shaw,
2009, 2014; Singh, 2014). Siderius et al. (2015) demonstrate the economic viability
of conjunctively managing groundwater and rainfall in a tank irrigation system in
Andhra Pradesh, India. The higher yields obtained of rice, groundnuts, and sugar
cane generate sufficient revenue to offset the cost of rehabilitating the tank system
at the start of the six-year experiment, while providing substantial net income per
hectare of irrigated land.

Shah (2008) provides an overview of India’s Groundwater Recharge Master Plan,
which is designed to raise groundwater levels in the post-monsoon season to 3 m
below ground level. The programme will involve the annual ‘managed artificial
recharge’ of 36.4 km? of water, using an estimated four-million spreading-type
recharge structures. While commending the intent of this ambitious recharge pro-
gramme, the author recommends focussing on the most depleted basins, while uti-
lizing the 11 million private dug wells already constructed by Indian farmers. In
addition, Shah (2008) recommends revising energy tariffs to encourage farm-level
support for the groundwater recharge programme.

As in many areas of India, farmers in the Indus river basin of Pakistan practice
a de facto form of conjunctive use, as many small wells are used for irrigation,
combined with canal water deliveries (Kazmi et al., 2012). Farm-level benefits vary
with location along each delivery canal, as farmers, who are located further from
a turnout, rely more on groundwater than do those located more closely. Access
to groundwater provides many farmers with a higher degree of security regarding
their water supply and permits them to optimize the timing of irrigation events.
Thus, generally, crop yields and cropping intensities are improved in groundwater
zones. Some degree of coordination will be required however to prevent saliniza-
tion (Kazmi et al., 2012), which can impair agricultural productivity, over time, and
degrade water quality in rivers and shallow aquifers [Box 7].
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Essential Policies and Investments

Key Message 8

Public investments and policies must help encourage private investments
in technologies and management practices that enhance the sustainable
production of crops, livestock, and fish by both smallholders and larger
scale producers.

Continuous investment is essential for the public research of technologies that will
improve smallholder crop, livestock and fish production. Improvements in crop and
livestock genetics, and in production techniques that permit farmers to produce
more output with limited land and water resources must be made available to
smallholders, with supporting investments in education, training and outreach.
Private sector investments and public-private partnerships will strengthen the pace
at which new technologies are developed and implemented.

Public and private investments in infrastructure, training, capacity-building, and
natural resource protection will be needed between now and 2050, to further
stimulate agricultural development in poorer countries and to bring resource
use within sustainable bounds. Agricultural development will continue to be the
primary engine of poverty alleviation in rural areas of poorer countries, as much
of the population depends either directly or indirectly on agriculture for their live-
lihoods. Smallholders, in particular, need to be assured of sustained access to land,
water, and other productive inputs. They need technical assistance, access to credit,
and training that will allow them to adjust successfully to changing production and
marketing opportunities.

Much has been learned in the last 50 years about the role of technology in im-
proving water management, increasing crop yields and enhancing farm incomes.
Many farmers in arid and semi-arid regions have adopted drip and sprinkler irriga-
tion systems, while many use laser to level their fields, and many deliver fertilizer
via their on-farm irrigation systems in a process known as fertigation (Castellanos
et al., 2013; Chai et al., 2014; Gheysari et al., 2015). Optimizing the use of water
and nutrients in crop production, planting hybrid varieties of some crops, using
higher quality seeds, and implementing new methods of pest control, have contri-
buted to the large and sustained increase in crop yields observed in many countries
since the 1960s and 1970s (Biazin et al., 2012; Wright, 2012; Stevenson et al., 2013;
Alston and Pardey, 2014).

In some areas, genetic improvements in crop varieties have increased household
incomes and enhanced food security. The adoption of Bt cotton production by
smallholders in central and southern India has permitted households to consume
larger amounts of more nutritious food, thus improving their diet (Qaim and
Kouser, 2013). Other countries are exploring the potential for increasing agricultu-
ral output with genetically improved crops. The National Technical Committee on
Crop Biotechnology in the Ministry of Agriculture of Bangladesh has approved the
importation of Golden Rice; fruit-and shoot-borer resistant Bt eggplant; late blight
resistant potato; insect resistant Bt chickpea and ring spot virus resistant papaya for
contained trials (Fahmi, 2011).
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Box 7. Degrading Land and Water Quality Increases

Pressure on Limited Water Resources

Generally, water scarcity can be described as an imbalance between supply and
demand. When the amount of water demanded exceeds the amount available, at
the current price, or given current access conditions, water is essentially scarce. Thus,
water scarcity can worsen when either demand increases or supply diminishes. When
water quality is degraded by pollution, the concentrations of undesirable constituents
can increase to levels that render the water unfit for human consumption or for use
in irrigation or aquaculture. Both surface water sources and groundwater can be
impaired by water pollution, with consequent impacts on the supply of water availa-
ble at a given location or point in time. In this manner, water quality degradation can
generate or exacerbate water scarcity.

Land quality degradation can increase the demand for water in some settings. For
example, when farmland becomes saline as a result of the over-application of irriga-
tion water in arid regions, in combination with inadequate drainage service, farmers
wishing to produce salt-sensitive crops will need to deliver additional amounts of irri-
gation water to leach accumulated salts from the soil profile. The additional water, or
leaching fraction, must be added to the crop-water requirement when determining
irrigation demands (Letey et al., 2011).

In this manner, allowing soils to become saline through unwise irrigation practices can
place additional demand pressure on limited water supplies. Salinization can degrade
the quality of water in rivers and aquifers, when saline drainage water is discharged
into receiving ditches and when deep percolation increases the salinity of shallow
groundwater (Cafiedo-Arguelles et al., 2014; Vengosh, 2014). Persistent pumping of
deep groundwater can facilitate the movement of saline shallow groundwater into
deeper aquifers, thus contaminating important sources of water for drinking and irri-
gation (Chaudhuri and Ale, 2014).

Examples of the impact of degraded water quality on available water supplies are
found in many settings. In China, cumulative water pollution is viewed as a major con-
tributor to the emerging gap between water supplies and demands. Between 1992 and
2007, an estimated 225 million tonnes of chemical oxygen demand (COD) accumulated
in Chinese water bodies, thus substantially reducing the supply of fresh water availa-
ble in the country’s lakes, rivers and aquifers (Guan et al., 2014). In 2011, the Chinese
Government devoted its primary policy document to the discussion of water conserva-
tion and water quality objectives (Liu and Yang, 2012; Grumbine and Xu, 2013). China
implemented an aggressive water management programme in 2014, to improve and
protect water quality, with the objective of sustaining the notable rates of economic
growth achieved in recent years. The programme will include new policies, investments
in infrastructure and technology development (Guan et al., 2014).

In Sri Lanka, micro-propagation using tissue culture of an improved banana variety
has enabled smallholder rice farmers to diversify their cropping pattern and earn
additional income (Lagoda, 2013). Kabunga et al. (2014) observed similar results
in a survey of 385 diversified smallholder farming households in the Central and
Eastern Provinces of Kenya. Farmers adopting tissue culture technology for the ve-
getative propagation of bananas have increased their farm and household incomes
by 116 and 86 percent, respectively, largely because of higher net yields and bene-
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ficial adjustments in the mix of inputs. Food security improved as a result of higher
incomes and the larger amounts of bananas available for home consumption.

Agriculture can benefit from advances in technology that do not involve genetic
enhancement. Advances in biotechnology can improve the detection and control
of plant diseases, while biofertilizers and biopesticides can enhance plant nutrition
and pest control (Ruane and Sonnino, 2011). Similar advances are available for use
in livestock production and in aquaculture. For example, molecular-based serolo-
gical techniques have notably improved animal health in lower income countries,
while molecular-based pathogen detection systems are used to detect viruses in all
countries producing commercial shrimp (Ruane and Sonnino, 2011).

Investing in rainfed and irrigated crop production

The remarkable increases in agricultural productivity that have been achieved
since the 1960s have helped farmers in many countries produce sufficient food
to support the world’s population, which has increased from about 3 billion in
1960 to more than 7 billion in 2015. Much of the gain in aggregate output has
been achieved through the expansion of planted area, while much has come
from notably higher yields. Given the high costs, and environmental impacts of
continuing to expand agricultural areas, in future much of the additional food
production required by 2050 must come from increased yield from crops and
livestock. Thus, the key question at this juncture is whether crop and livestock
yields will continue to increase at sufficient pace to feed a global population of
9 to 10 billion in 2050.

Irrigated agriculture accounts for about 20 percent of the cultivated area worldwi-
de, while generating an estimated 40 percent of crop production (Turral et al.,
2010; FAO 2015a, 2015b). Yields are markedly higher with irrigation, partly because
farmers apply larger amounts of fertilizer and farm chemicals when they can control
the timing and amount of soil moisture in their fields (Monjardino et al., 2013).
Much of the world’s food supply in 2050 will come from irrigated farms, yet much
will also come from farms that fully rely on rainfall and those that supplement
rainfall with partial irrigation. In many countries, achieving national food security in
2050 will call for investments and interventions in both irrigated and rainfed areas.

Substantial research has been conducted in recent years on methods that will
improve water management in rainfed areas, such as rainwater harvesting, plant
nutrient strategies, cropping systems, mulching, tillage and other soil and water
conservation practices (Karpouzoglou and Barron, 2014; Kurothe et al., 2014).
Efforts to extend improved methods of farming under rainfed conditions will con-
tribute to improving incomes and enhancing livelihoods in areas where poverty is
correlated with low crop yields and inadequate use of fertilizer and modern seeds
(Affholder et al., 2013; Dzanku et al., 2015).

Assessing the volumes and qualities of water supplies and demands, and determi-
ning the possible incidence of food and nutrition insecurity, will require on-going
research in support of policy analysis. Advances in agricultural technology, in-
cluding genetic enhancements, will permit many farmers to produce increased
output with limited land and water supplies in both rainfed and irrigated settings.
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Technology alone, however, will not be sufficient to completely offset increasing
resource limitations pertaining to land, water and other natural resources.

It is likely that more water needs to be transpired in agriculture to achieve global
food demands in 2050, even with notable advances in crop and livestock technology.
It is also likely that greater amounts need to be applied of nitrogen, phosphorus
and other plant nutrients. Opportunities for truly saving water in agriculture will be
limited to situations in which water is currently lost. Accurate water accounting and
water balance studies will be needed in many areas to identify the most appropria-
te interventions for increasing agricultural productivity with limited water supplies.

Closing the yield gaps

Continuous public investments are needed in the development of new technology
and in technical assistance to support smallholder crop, livestock and aquaculture
production. Many rural households will remain engaged in agriculture in 2050;
their production will contribute to local and regional food supplies, while enhan-
cing household incomes.

Smallholders in Latin America and the Caribbean currently produce from 27 to
67 percent of locally consumed food. Closing the large gaps that exist between
smallholder yields and those obtained by experiment stations will serve to increase
food supply and boost effective demand for food at household and communi-
ty levels. New crop varieties, better methods of producing current varieties, and
better outreach by crop and livestock extension specialists are needed.

Evidence in the literature is mixed concerning the challenge of closing yield gaps.
The annual rate of increase in crop yields is slowing in key production areas, causing
concern that future gains may not keep pace with the rate of increase in global
food demand (Grassini et al., 2013; Jat et al., 2014). Some authors suggest that im-
provements in soil and water management, facilitated in part by affordable access
to farm inputs in lower income countries, will help close existing yield gaps across a
large portion of the world’s agricultural landscape (Spiertz, 2012). Possible potential
yield gaps are larger in rainfed settings than in irrigated areas, yet the challenges
of increasing yields in rainfed areas are significant (Lobell et al., 2009; Kassie et al.,
2014). In either setting, the desired increases in yield will take time, and progress
will be uneven, as outcomes will vary with soil and water conditions and with access
to fertilizer (Bryan et al., 2014; Conner and Minguez, 2012). Li et al. (2014) report
that wheat yields on the North China Plain have increased by about 115 kg per ha
per year, since 1981, thus substantially closing the farm-level yield gap. They report
however that the wheat yield in some areas is no longer increasing.

Other authors suggest that advances in plant genetics, agronomy, biotechnology,
and animal science will provide the improvements needed in crop and livestock
technology to achieve further increases in yields (Powell et al., 2012; Blum, 2011,
2013; Cabello et al., 2014; Dolferus, 2014; Rothschild and Plastow, 2014; Vadez
et al., 2014; Langridge and Reynolds, 2015). However, some authors question
whether the needed advances can be developed, tested, and implemented broadly
between now and 2050 (Hall and Richards, 2013). Substantial public investments
in crop and livestock science are required to move research programmes forward,
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particularly those that will benefit smallholders (Anthony and Ferroni, 2012). Even
with adequate financial support, ample time will be required to produce new cul-
tivars with traits that meet both global and farm-level objectives (Spiertz, 2014).

Livestock production and marketing are essential livelihood components for more
than one billion poor people in Asia and Africa (McDermott et al., 2010). Many
are smallholders, for whom livestock represent a source of food and income, while
serving as a means to accumulate wealth. The increasing global demand for li-
vestock products will create opportunities for smallholders to generate higher
incomes, provided they have access to output markets and to the inputs and capital
needed to expand their operations sustainably, while maintaining an acceptable
level of risk (Herrero et al., 2009; Tiwari et al., 2014).

Capturing and reusing plant nutrients in waste materials

The large yields from grains and other crops, achieved in many countries, are made
possible, in part, by the application each season of large amounts of nitrogen and
other plant nutrients. Plants utilize much of the applied nutrients in the process
of carbon assimilation, yet some portion of the nutrients enters the atmosphere,
runs off into streams, or seeps into groundwater. The portion taken up by plants is
conveyed to processing plants and to the food we eat, and eventually to the wa-
stewater stream leaving households, villages and cities. As urbanization intensifies
in many areas, and as the direct and indirect costs of nutrient use in agriculture
increase, over time, the need to recycle the water and plant nutrients in municipal
wastewater will become more evident and more urgent.

The cost of producing nitrogen fertilizer largely depends on the price of energy,
as the process is energy intensive. Although energy prices have declined sharply
in recent months, energy prices could resume their long-term upward trend in the
not-too-distant future. Phosphorus is an essential plant nutrient that is produced
by mining phosphate rock (Johnston et al., 2014), limited supply remains in just
a few countries (Ryan et al., 2012). Thus, there is some uncertainty regarding the
future security of newly mined supplies of phosphorus. Recycling the phosphorus
in wastewater will extend the useful life of existing phosphate rock reserves, by
reducing the demand for that source of phosphorus. There are mixed views in the
literature, as to if or when the world might exhaust its supply of phosphate rock
(zZiadi et al., 2013). Globally, an enhanced programme of wastewater recycling, in
which phosphorus, nitrogen and other elements are obtained and reused, could be
a wise hedging strategy.

There is a sense of circularity or ecosystem closure with the concept of returning
plant nutrients to farmland in the countryside, after food has been consumed in
the city. The recovered nutrients can be used again to produce more food, and the
cycle can be repeated in perpetuity. In addition, efforts to extend and intensify
the capture and reuse of wastewater will reduce the negative impact on the envi-
ronment of unregulated wastewater discharge into rivers and streams.

In areas where the economics of wastewater recovery and reuse are such that

private firms can engage in the activity for profit, wastewater management will
become a widely-acknowledged business enterprise that generates sustainable
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benefits for households, communities and farmers (Otoo et al., 2015). The health
risks to farmers, households, and consumers can be managed through appropriate
policy interventions (Hanjra et al., 2012; Keraita et al., 2015.)

In addition, substantial amounts of land, water, energy, and plant nutrients are
used to produce the food that is lost or wasted along the supply chain from farms
to households. In some settings, efforts to reduce these losses can contribute to
improving resource use and enhancing food security [Box 8].

Box 8. Reducing Food Losses and Waste Could Reduce Pressure

on Land and Water Resources

FAO defines food loss as “the decrease in quantity or quality of food and the agricultu-
ral or fisheries products intended for human consumption, that are ultimately not eaten
by people or have incurred a reduction in quality reflected in their nutritional value,
economic value or food safety” (FAO, 2014d). Food waste in comparison is defined as
the discarding or alternative use of food that was once fit for human consumption.
The discarding may occur by choice, or after the food has been left to spoil or expire
as a result of negligence. Given these definitions, food losses tend to occur in the early
stages of the food supply chain, particularly during harvest, post-harvest handling and
processing. Food waste tends to occur in later stages of the supply chain, particularly in
retail or wholesale shops and in consumer homes (FAO, 2014e). Both food loss and food
waste might be viewed as the wasting of inputs, including the land, water and energy
used to produce the crop and livestock products (Gustavsson et al., 2011).

Gustavsson et al. (2011), in a study conducted for FAO, suggest that one-third of the
food produced for human consumption is lost or wasted at some point along the supply
chain, resulting in a loss of about 1.3 billion tonnes of food per year. Losses and waste
occur at all stages of the supply chain, from production on the farm, to household
consumption. In lower income countries, much of the loss occurs during the early and
middle stages of the supply chain, while in higher-income countries, much of the waste
occurs at the consumer level (Gustavsson et al., 2011). Parfitt et al. (2010) report that
food waste increases as the proportion of income spent on food declines. Thus, food
waste generally is higher in homes with larger incomes, all else being equal. Consistent
with these observations, Gustavsson et al. (2011) report that consumers in Europe and
North America waste from 95 to 115 kg of food per year, while consumers in sub-Saha-
ran Africa and South and Southeast Asia waste only 6 to 11 kg per year.

Buzby and Hyman (2012), using aggregate survey data for 2008, estimate the total value
of food waste at the retail and consumer levels in the United States at US$165.6 billion,
based on retail prices. The top three food groups, in terms of the value, were meat,
poultry, and fish (41 %); vegetables (17 %); and dairy products (14 %). The losses in all
groups equalled about 124 kg of food per capita. The estimates provided by Buzby and
Hyman (2012) are timely and informative, yet Koester (2013) raises important questions
regarding the methods used to estimate food losses, with possible implications for po-
licy-makers. Better efforts to collect and report data describing food losses and waste
at all levels of the food supply chain, and economic analysis of efforts to reduce food
waste, would be helpful in assessing the global extent of the problem and identifying
efficient corrective strategies (Parfitt et al., 2010, Koester, 2013; HLPE, 2014b).
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Enhancing the sustainability of aquaculture

Fisheries and aquaculture are major sources of protein for much of the world’s
population. An estimated 3 billion people obtain about 20 percent of their animal
protein intake from the output of a capture fishery or an aquaculture operation
(HLPE, 2014a). An additional 1.3 billion people obtain 15 percent of their protein
from fish. These proportions represent averages across many countries. The share
can be much higher for individual countries, for example in Gambia, Sierra Leone
and Ghana, the share of dietary protein from fish is higher than 60 percent (HLPE,
2014a). The share ranges from 50 to 60 percent in Cambodia, Bangladesh, Indonesia
and Sri Lanka, where capture fisheries have long been important and where, since
the 1990s, aquaculture has developed rapidly (HLPE, 2014a).

Aquaculture currently generates more than 50 percent of the fish and shell-
fish products consumed worldwide (Naylor et al., 2009; FAO, 2014a). More than
60 percent of global aquaculture production comes from China, while an additional
26 percent comes from other countries in Southern and Eastern Asia (FAO, 2014a).
The Americas and Europe each account for about 4 percent of global aquacultu-
re production, while Africa accounts for about 2 percent of the global amount.
Although currently, production in Africa is a small portion of global output, in
recent years the rate of growth of African production has been quite high. African
production has increased from about 81 000 tonnes in 1990 to 1.4 million tonnes
in 2012, thus increasing by a factor of 18 within 22 years (FAO, 2014a). China’s pro-
duction in 2012 (41 million tonnes), in comparison, is about six times higher than its
production in 1990 (6.7 million tonnes).

Across Africa, aquaculture employs about 920 000 people and accounts for 0.15
percent of gross domestic product (de Graaf and Garibaldi, 2014). These are small
portions of the employment and income generated by both fisheries and aquacul-
ture in Africa. The full sector employs about 12 million and generates an annual
income of about US$24 billion, or 1.26 percent of African gross domestic income
(de Graaf and Garibaldi, 2014). Yet, for those involved in small-scale aquaculture,
often combined with small-scale farming, the additional production and income
enhance household food and nutritional security (Beveridge et al., 2013). The incre-
asing demand for fish and fish products in Africa presents a substantial opportunity
for further expansion of small-scale, commercial aquaculture.

Fish products from inland and ocean fisheries, and from aquaculture, contribute
substantially to household food and nutritional requirements, particularly in Asia
and Africa. Aquaculture has increased rapidly in recent years, with notable growth
in China, which now produces more than half of global output from aquaculture.
Fisheries and aquaculture provide livelihoods for many smallholders, often together
with other activities, such as rice production, in which farmers use land and water
for both fish and crops. In some areas, aquaculture competes with agriculture for
water supply, and agriculture is impacted by degrading land and water quality.
These and other environmental issues, including the use of fishmeal and fish oil as
feed materials, and the off-site impacts of effluent from aquaculture operations
will require policy interventions to ensure that aquaculture can continue to contri-
bute to global food and nutrition demands sustainably.
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Addressing environmental issues

The rapid increase in aquaculture production has noticeably improved household
food and nutritional security in several countries. In some areas, efforts are needed
to reduce the environmental impacts of aquaculture. The most common include
pollution of aquatic and benthic ecosystems; impairment of coastal habitats and
ecosystems; enhanced disease and parasite transmission between farmed and wild
fish populations; the introduction and spread of invasive species; increased stress
on freshwater resources; depletion of wild fish populations for stocking aquacul-
ture operations; and overfishing of wild fish populations used as ingredients in
aquaculture feed (Diana et al., 2013; Hixson, 2014; Troell et al., 2014). In addition,
the use of fishmeal and fish oil from wild fisheries, as inputs in aquaculture, can
threaten the food security of low-income households that rely on low-trophic
level fish as a key source of food and protein, particularly in Africa, Asia and Latin
America (Klinger and Naylor, 2012; Beveridge et al., 2013; Tacon and Metian, 2013;
Troell et al., 2014; Cao et al., 2015).

The potential of aquaculture to increase the resilience of the global food system
will not be realized unless policy-makers provide appropriate incentives and regu-
lations (Troell et al., 2014). If commercial aquaculture becomes more dependent on
fish-based or crop-based feeds, competition for fish and crops may increase, giving
rise to allocation issues, particularly across income groups. The industry must be
encouraged to find the right combination of feed inputs and to minimize negative
externalities, including greenhouse gas emissions and the discharge of effluent
from aquaculture operations. Operators could also consider the use of nutrient-rich
effluent from fishponds as a source of supplemental irrigation on field crops or
orchards, although water quality issues could be restrictive.

Marschke and Wilkings (2014) consider a programme of production standards for
small-scale aquaculture producers in Viet Nam, which is the world’s largest producer
of farmed catfish, and the fourth largest producer of farmed shrimp. Mostly, small-
scale operators are engaged in shrimp production on less than 2 ha of pond area
(Marschke and Wilkings, 2014). The authors suggest that efforts to establish su-
stainability standards for small-scale aquaculture should acknowledge the special
characteristics of smallholder production and minimize the transaction costs of par-
ticipating in such a programme. Public officials developing sustainability standards
could consider some of the suggestions regarding the construction and operation
of fishponds, as described by Bosma and Verdegem (2011).

Key Message 9

Investments are needed in programmes that enhance risk management in
rainfed and irrigated settings.

Investments and programmes that enhance agricultural risk management, parti-
cularly for smallholders, will be critical in enabling farm households to adopt new
technologies, diversify their activities, and sustain food security during periods of
high input prices, low crop yields and major weather events. In addition to a more
systematic use of climatic index-based insurance products, investments are needed
in infrastructure to improve the availability and transport of farm inputs, crop and
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livestock products and to reduce the transaction costs of marketing farm produce.
Such investments will increase the value that farmers generate with limited water
resources, while improving household food and nutritional security.

Investments in agriculture and water, and policies designed to encourage the wise
use of resources, must recognize the inherent risk and uncertainty of farming, par-
ticularly in smallholder settings, in addition to the potential impacts of climate
change. Often, smallholders are prevented from adopting new technologies, or
utilizing the appropriate amounts of farm inputs, because they cannot risk losing
their investment in expensive seeds or irrigation water if a dry spell or pest infesta-
tion destroys their crop. Crop insurance programmes and access to affordable credit
can assist in such situations, but they do not fully eliminate risk at the farm level.

Crop yields are determined in large part by the amount of seeds or plants applied to
each hectare, and the amount of water, fertilizer and chemicals used each season.
Yet, weather, pests, and the timing of the application of inputs also influence yields.
To some degree, farmers can manage the effects of weather and pests, and can
choose the timing by which they apply key inputs, yet much of the resulting in-
fluence on crop yields is uncertain. The yield obtained in one season by applying
20 kg of seed, 100 kg of nitrogen, and 600 mm of irrigation water on a hectare
of grain can be quite different from the yield achieved with the same inputs in a
subsequent season, because of influences beyond the farmers’ control.

The nature of risk and uncertainty, and the degree of farm-level risk aversion vary
across farms, with differences in farmer perspectives, household savings, access
to crop insurance, crop choices, weather patterns and market conditions. Perhaps
the greatest distinction exists between farmers in developed countries, who have
substantial savings accounts and crop insurance, and smallholder farmers in lower
income countries with limited savings and no access to insurance. Often, the latter
farmers will limit their use of costly inputs, such as high-quality seeds and plant
nutrients, as inadequate rainfall or a serious pest infestation can cause them to
lose their entire expenditure. Smallholders can manage risk to some degree by
diversifying their crop choices, but opportunities are limited in areas having too
much or too little rainfall (Kandulu et al., 2012). In such settings, interventions
that assist farmers in accommodating risk can be helpful in improving household
income and welfare.

Many smallholders operate in severely water-stressed dryland areas and have limited
agricultural productivity. Interventions to assist these smallholders are needed, in
the interest of enhancing their food security [Box 9].

Key Message 10

Access to water for domestic and other activities must be generalized.
Further investments in water, sanitation, and health will be essential com-
ponents of efforts to achieve household food and nutrition security, parti-
cularly in lower income countries.

Investments in drinking water supply and quality, sanitation and health care, which
particularly focus on women and children, are essential for ensuring residents of
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urban and rural areas can fully utilize available food and nutrition, while preventing
chronic diseases and other impediments to household welfare and educational and
productive opportunities. The successful use of sufficient water is essential for good
health at the household level and to ensure successful growth and development
for productivity, income-generation and food security. This virtuous cycle revolves
around assured access to affordable clean water, sanitation and health facilities.

Box 9. Dryland Areas and Marginal Production Environments

Are Already Severely Water Stressed

An estimated two billion people live in areas subject to perennial drought and per-
sistent water scarcity. Known as the world’s drylands, these areas represent about
41 percent of the Earth’s land surface (D'Odorico and Bhattachan, 2012; Solh and Van
Ginkel, 2014). Livelihoods in the drylands are precarious already, as rainfall is sparse and
highly variable, droughts are frequent, and the productivity of cropland and rangeland
is limited. It is probable that climate change will reduce precipitation in many of the
world’s drylands, and possibly increase rainfall variability (D'Odorico and Bhattachan,
2012), thus further challenging the region’s agro-pastoralists.

Stroosnijder et al. (2012) recommend interventions to improve water-use efficiency
in the drylands, such as increasing infiltration and using surfactants to enhance the
water-holding capacity of dryland soils. Conservation tillage and mulching can reduce
water loss from soil evaporation, and rainwater harvesting could permit farmers
to optimize the values obtained with the limited annual rainfall (Totin et al., 2013;
Nyakudya and Stroosnijder, 2015). Such interventions are helpful in current conditions,
but they may not be sufficient to sustain production and support agricultural liveliho-
ods in the drylands, if the impacts of climate change on the amount and variability of
rainfall are significant.

Marginal production environments are those in which rainfall is insufficient to support
crop and livestock production, or the soils or climate are unsuitable for producing viable
yields of most crops. In such regions, many households are perpetually food insecure.
In a household survey of 12 sites in Kenya, Uganda and Tanzania, Rufino et al. (2013)
found substantial food insecurity in areas with annual rainfall of less than 800 mm. In
areas with less than 700 mm of rainfall, many households relied on food aid. Many hou-
seholds in the region are poor and food insecure, and they subsist on inadequate diets
(Rufino et al., 2013). Further degradation in their production environments, perhaps
as a result of climate change, could move many households beyond the point of being
able to sustain their livelihoods.

The numbers of households involved in marginal production environments is small,
relative to the large numbers of poor people living in the rural areas of lower income
countries in Asia and Africa (Rufino et al., 2013). Yet, the challenges faced by hou-
seholds in marginal environments are substantial, as is the downside risk from further
degradation resulting from climate change. Rufino et al. (2013) propose policies that
provide safety nets for poor households, insurance programmes, investments in roads,
water and in crop and livestock input services. In areas with more than 800 mm of
annual rainfall, households could benefit from training in risk management, crop diver-
sification and livestock intensification.
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Many poor households have inadequate access to clean water and sanitation. As
a result, many women and children spend substantial time and effort fetching
water for household use, and family members often suffer from ill health, caused
by unclean or unsanitary living conditions. Such illness, and the time spent fetching
and preparing water for use, reduce educational opportunities and limit labour pro-
ductivity. Securing access to an affordable, safe water source can greatly enhance a
household’s likelihood of escaping poverty, as family members are able to devote
more time and effort to educational and productive activities.

Many rural households lack secure title to the land and water they use to produce
crops and raise livestock, as part of their essential livelihood activities. Many small-
holders operate in rainfed settings, in which the crop water supply is inherently
uncertain. Small reservoirs are helpful in capturing and storing rainwater for use
in households or on crops, as needed, but not all farm households can afford such
an investment, partly because of the cost of installation and partly because of the
opportunity cost of withdrawing land from crop production.

Efforts to assist farmers in constructing small reservoirs and training farmers to
optimize rainwater-harvesting strategies would be helpful in many areas. Where
water is available from an irrigation scheme, or a wastewater treatment facility,
many smallholders could benefit from assistance that would help them secure a
permanent or long-term right to receive some portion of the available water in per-
petuity. Over time, as funds allow, long-term land and water security will motivate
smallholders to invest in improving their crop, livestock and aquaculture operations.

In many low-income countries, investment in water can be viewed as an in-
vestment in poverty reduction. The need for investments in water supply and
treatment, irrigation, drainage, flood control and rainwater harvesting is quite
high in many countries. Investors in the water sector can substantially improve li-
velihoods and greatly enhance the welfare of households and communities across
much of Africa and Asia.

Investments must be carefully planned, and should account for many of the inte-
ractions and externalities inherent in water development projects. In many settings,
the development of an irrigation scheme, or construction of a rainwater harvesting
structure in one location, will improve water supply for one set of users, while im-
pairing the water supply for others. The constraint might be direct, in terms of the
volume or flow of water available in an aquifer or stream or indirect, in the form of
reduced flows to an estuary that supports an indigenous fishery, or provides plant
materials that are harvested each season by residents who produce crafts for sale
in local markets. The best investments in water resources, from the viewpoint of
poverty reduction, will be those that increase the volume and quality of water avai-
lable for household use and production, while minimizing and mitigating impacts
on other water users and the environment.

Key Message 11

Policies and investments are needed to create viable, sustainable off-farm
employment opportunities in rural areas.

Policies and investments that enhance opportunities for off-farm employment
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in rural areas are needed to increase incomes, reduce poverty and enhance food
security, particularly where land and water resources are inadequate to support
higher population densities. Higher incomes are essential for achieving food
security, and in many rural areas, higher incomes will need to come from new
opportunities in off-farm employment.

Many residents of rural areas earn much of their income from non-farm activities.
This is particularly true of landless households and women. Rural households with
little or no land earn from 30 to 90 percent of their income from non-farm em-
ployment, while women in lower income countries account for one-quarter of the
workforce in the rural non-farm economy (Haggblade et al., 2010). Households,
having farmland that is insufficient to raise them above the poverty line, account
for about half of rural families (Mellor, 2014). Most rural, non-farm households in
lower income countries are poor, and in high-density rural areas, most of the poor
are landless, or have too little land to support them in agriculture (Mellor, 2014).
For these households, non-farm employment and viable opportunities are essential
for producing and selling non-tradable good and services.

Many farm households rely on income from non-farm employment to supplement
farm income, and as a source to finance farm inputs (Haggblade et al., 2010). An
estimated 65 percent of smallholder farmers in Latin America and the Caribbean
rely substantially and increasingly on non-farm income sources to sustain their li-
velihoods (Berdegué and Fuentealba, 2011). The non-farm economy also serves as
a source of employment for family members who may not be required full-time in
smallholder farming operations.

As the rural population density increases, so too does the importance of non-farm
employment in providing livelihood opportunities for households with surplus
labour, either seasonally or year-round. Quantifying the impact of non-farm em-
ployment on poverty reduction is challenging, because appropriate data is lacking
and it is difficult to identify causality in environments where many macro-economic
variables change with time. Yet, in some countries, it appears that non-farm em-
ployment has accounted for substantial poverty reduction (Haggblade et al., 2010).

Further work is needed to accurately determine the impacts of non-farm em-
ployment on poverty reduction in rural areas, and the impacts of agricultu-
ral growth on the non-farm economy. It is likely, however, that the success of
commercially-oriented smallholder farmers will lead to greater expenditures
on non-tradable goods and services in the rural non-farm sector, thus enhan-
cing economic activity and providing new employment opportunities. This will
reduce poverty and improve food security in rural areas (Mellor, 2014).

Several authors in recent years have provided empirical evidence of the impacts
of non-farm employment on household income and food security. In a survey
of 220 farm households in Nigeria, Babatunde and Qaim (2010) found that
off-farm employment contributes to higher incomes, thus enabling greater con-
sumption of calories and micronutrients. Opportunities to earn off-farm income
significantly improved child height-for-age statistics in the villages in which the
authors conducted their survey.
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Kumanayake et al. (2014) show that as rural households in Sri Lanka have shifted
from farm to non-farm sources of income, between 1990 and 2006, they have
gained income and become less poor. Education has played a notable role in the
ability of farm households to gain employment in the non-farm sector in Sri Lanka.
Thus, investments in education in rural areas could lead to greater participation in
the non-farm economy, with consequent improvement in household welfare.

Wossen and Berger (2015), combined large-scale survey data with information
collected from 292 randomly selected households in northern Ghana, in a simu-
lation of the potential impacts of access to off-farm employment opportunities
and improved access to financial credit on poverty and food security. The authors
determined that households with access to credit and off-farm employment could
significantly increase their incomes and enhance their food security, particularly
when subject to climate and price variability.

Imai et al. (2015), using aggregate data collected in national household surveys
in India and Viet Nam, identified significant reductions in poverty and in vul-
nerability to shocks, for rural households engaged in non-farm employment.
In addition, the authors report that employment in skilled jobs, such as in sales
or professional activities, has a more notable impact on poverty and vulnera-
bility than does employment in unskilled jobs, such as those involving manual
labour. Thus, in India and Viet Nam, while employment in any form of non-farm
employment is helpful in reducing household poverty and vulnerability, em-
ployment in skilled jobs is most desirable.

Key Message 12

Policies and investments are needed to enhance the role, equality and
success of women in agriculture.

Women are responsible for much of the farming in Asia and Africa, and yet many of
the institutional settings that influence agriculture are unsupportive of women'’s
role in the sector. More appropriate institutions, supportive policies, and strategic
investments are needed to enhance the role and success of women in agriculture,
particularly in production, but also in research, education and outreach. Policies
regarding the security of land tenure, secure access to water, access to credit, and
representation in water user associations and farmer cooperatives are essential.
So, too, are programmes that encourage women to enter careers in agricultural
research, extension and teaching.

In Africa and in Asia, mostly women are engaged in farming (FAO, 2015a). Yet,
often, women do not share the same status as men, regarding such issues as land
tenure, water rights, access to credit, and representation in water user associations
(Mohapatra, 2011). It is essential that the status of women be improved, so they
may be accorded the same degree of access as men, to the tenure, credit, and other
inputs needed to produce and market their crops successfully.

Efforts are needed to encourage and support the role of women in agricultural

research, extension, and teaching, and as representatives in farmer groups and mar-
keting cooperatives. As agriculture intensifies, and as new marketing opportunities
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arise for smallholders in lower income countries, interventions and investments
must acknowledge the critical role of women in production and marketing activi-
ties. Policies and institutions must acknowledge the role of women in the alloca-
tion of household income, with the attendant implications for food and nutritional
security, and educational opportunities for children (Mohapatra, 2011; McDermott
et al., 2013). Engaging and empowering women in deliberative processes pertai-
ning to climate change will enhance the resulting policies and interventions (Arora-
Jonsson, 2011; Figueiredo and Perkins, 2013).

Several studies provide empirical evidence of the gender aspects of crop production
and marketing. Ndiritu et al. (2014), in a survey involving 578 farm households in
Kenya, find that women manage smaller plots than men, and are less likely to adopt
sustainable intensification practices, such as manure application and minimum
tillage. The authors find no gender differences in the adoption of other soil and
water conservation practices, such as maize-legume intercropping, maize-legume
rotations, improved seed varieties, and the use of chemical fertilizer. Such findings,
while not fully explained, suggest that further work is needed to fully understand
gender differences in the adoption of selected intensification practices.

The commercialization of smallholder agriculture provides farmers with opportu-
nities to earn and retain higher revenues, as they gain access to a wider array of
markets for their produce. One way in which smallholders can advance their parti-
cipation in new markets is by forming cooperatives or farmer groups that interact
in markets on behalf of the membership. Forming and joining farmer groups can
modify crop choices, and the distribution of farm income within households, if
the representation and status of men and women in such groups is different.
Fischer and Qaim (2012) examine this issue, using data pertaining to banana pro-
duction in the highlands of central Kenya.

Tissue culture propagation of bananas, in combination with a new mix of pro-
ductive inputs, has enabled farmers in Kenya to achieve higher yields, thus pro-
viding the opportunity to expand sales of bananas in commercial markets. Many
smallholders have joined farmer groups that interact with potential buyers, and
sell large lots of bananas at collectively negotiated prices. Membership to these
groups is open to individuals and both men and women may join, although gene-
rally the elected leadership is male dominated (Fischer and Qaim, 2012).

Using data from a survey of 444 member and non-member farm households,
Fischer and Qaim (2012) test hypotheses regarding the impacts of farmer groups
on crop production and revenue, women'’s control of farm revenues and household
nutrition. The authors find that farmer groups tend to increase male control of
banana production and revenues. This does not influence the number of calories
consumed in the household, but there is a negative marginal impact on dietary
quality, perhaps because of the differences in male and female spending prefe-
rences. Most notably, female membership in the groups can positively impact the
share of income controlled by women.

There are also marked gender differences in the formation and productivity of
rural non-farm enterprises. In a study of survey data collected by the World Bank
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in Bangladesh, Ethiopia, Indonesia, and Sri Lanka, Rijkers and Costa (2012) find
that, except for Ethiopia, women are less likely than men to start a non-farm
enterprise. Women'’s enterprises tend to be small and home based, and firms
operated by women are less productive, as measured by sales per worker; with
the exception of Indonesia.

Generally, male managers are better educated than female, yet the authors do
not find evidence that differences in human capital account for gender differen-
ces in the performance of a firm. The authors also find there is no support for the
hypothesis that gender productivity differences are related to differential gender
impacts in the local investment climate (Rijkers and Costa, 2012). Further work is
needed to fully understand the gender aspects of the rural non-farm economy in
lower income countries.

Water Governance, Institutions, and Incentives

Key Message 13

Water institutions must communicate water scarcity conditions to users
through instruments such as transparent allocation mechanisms, pricing,
the assignment of water rights and other incentive mechanisms, as appro-
priate, in each setting.

With increasing competition for water in agriculture and other sectors, national
and provincial governments will need to effectively communicate water scarcity
conditions, and allocate water with the right mix of concern for equity and effi-
ciency, and motivate all farmers, firms and consumers to use water wisely. Just as
security of land tenure is essential for encouraging efficient use of land, secure
water rights and allocations can motivate farmers to invest in their land and
improve returns generated from irrigated agriculture. Continuous cooperation
efforts in international river basins could enhance water and food security in
regions where countries share surface water or groundwater resources.

Communicating scarcity conditions

The demands for agricultural land and water will increase in many countries, with
increases in population and with continuing economic development. Given the
limited supply of water in many regions, increasing demand will lead to greater
scarcity and keener competition within and across all sectors of the economy. As
the demand and competition for water increase, it is essential that all water users
are made aware of scarcity conditions in ways that influence their water-use de-
cisions. A highly visible and effective effort to communicate scarcity conditions
should become an essential component of national water strategies.

Scarcity conditions can be communicated in the agricultural sector in a variety
of ways, including farmer awareness campaigns, regulations, prices, fines, in-
centives and allocations. Farmer awareness campaigns regarding water scarcity
are common in arid countries, where farmers are asked and reminded to use
water wisely, in the interest of making the best use of a country’s limited water
resources. Many semi-arid countries and provinces also engage in farmer aware-
ness campaigns during periods of extraordinary water shortages.
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One advantage of farmer awareness campaigns is they can be implemented
without legislation or a lengthy public review process pertaining to new rules
or regulations. A disadvantage is that such campaigns generally attempt to
persuade farmers to use water wisely, while not requiring changes in water use
practices or imposing fines for excessive water use. The effectiveness of farmer
awareness campaigns can fall short of expectations in areas where farmers retain
access to plentiful water supplies at affordable prices, despite increasing aggre-
gate water scarcity.

Water allocations, restrictions, and rationing

Regulations that limit water diversions, extractions, or consumption can modify
water use behaviour, if they are implemented and monitored successfully. Water
purveyors often implement water rationing during periods of water shortage,
either by limiting water volumes delivered or the length of time during which
water deliveries are made. Rationing often is viewed as a short-term response to
temporary water shortage conditions. Thus, rationing often can be implemented
without new legislation and without seeking public comment.

Many water agencies and purveyors maintain operating rules that include provi-
sions for rationing during periods of water shortage. One challenge of implemen-
ting water rationing is to achieve the desired degree of equity and efficiency across
water users and across competing sectors. An agricultural water agency may need
to determine how to ration water for farmers producing grains, vegetables and
perennial crops. For this reason, it is best to develop a water rationing policy in a
collaborative process, well in advance of the need to implement water rationing.

Water pricing is an option, but is not always feasible

Economists often promote pricing as the best mechanism for communicating
scarcity conditions. Low prices often indicate relative abundance, while higher
prices reflect increasing scarcity. If water is scarce, but water users have access
to abundant, affordable supplies, they will not be encouraged to manage their
water use in accordance with the prevailing scarcity conditions. Farmers in an arid
region, who receive water at minimal cost, will have little incentive to irrigate
carefully. In many countries, when farmers retain access to abundant supplies
at minimal cost, sustained efforts to motivate more careful management of ir-
rigation water have largely been unsuccessful. Charging higher water prices to
reflect scarcity conditions is one approach to encouraging farmers to manage
their water deliveries with greater care.

Often, for political or cultural reasons, water pricing is difficult to implement,
and once in place water tariffs can be difficult to modify (Ruijs et al., 2008; Dono
et al., 2010; Cooper et al., 2014). For every successful implementation of appro-
priate water prices in agriculture, there are possibly several cases of unsuccessful
attempts. Nonetheless, it is helpful to consider water pricing as a policy option,
in conjunction with other potential options, such as water allocations, limiting
withdrawal, pumping restrictions, rotational deliveries and restrictions pertaining
to cropping patterns. Often, the outcomes of selected policy alternatives are not
those foreseen when considering policy options. Analysing the likely impacts of
proposed policies on farm-level economics and on the riskiness of farm-level pro-
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duction and investment choices can enhance the likelihood of achieving policy
goals (Viaggi et al., 2010; Veettil et al., 2011; Nikouei and Ward, 2013; Giraldo et
al., 2014; Lehmann and Finger, 2014; Shi et al., 2014; Vasileiou et al., 2014).

Two caveats are appropriate when discussing water prices: 1) Often, water prices
alone are insufficient for ensuring efficient water use; 2) Water pricing is not the
only method for effectively communicating water scarcity. Regarding the first
caveat, public officials should consider the quality of water service provided and
many other issues that influence a water user’s response to higher water prices.
In agriculture, many farmers are not averse to paying higher prices, if water
delivery service is improved at the same time that prices are increased.

In the municipal and commercial sectors, water users could respond with greater
enthusiasm to higher water prices if they are accompanied with improved water
service, water quality, or water metering and billing procedures. An effective public
awareness campaign that explains the need for water prices that reflect scarcity
conditions may help promote a positive response to increased water prices.

In areas, where implementing higher water prices is not yet politically feasible,
public officials might consider implementing water allocations. Such an approach
can be just as effective in communicating scarcity conditions as a programme in-
volving higher water prices. When the volume of water available in a river basin
orirrigation district is limited, the aggregate volume can be divided among water
users by assigning to each a pro-rated portion of that volume. When farmers
know their water supply is limited, they have an incentive to optimize the values
they obtain with the amount of water they receive.

A binding water constraint at the farm level can be as effective as water pricing
in generating regional water use efficiency, if farmers are allowed to trade or sell
portions of their water allocations. A water-trading programme permits farmers
who can generate higher value to purchase water from farmers who generate
lower value, thus increasing the value of output across a region or river basin. A
water-trading programme also requires one that supports water rights, which are
helpful in communicating water scarcity conditions and motivating water users
to generate substantial value with the limited resources allocated. In addition,
there must be strong public or private institutions to oversee compliance with
market rules, a condition that is difficult to achieve in many countries and may
entail high transaction costs. Often, the infrastructure needed to facilitate water
trading is available within irrigation schemes, yet unavailable for moving water
across a basin or between basins.

Incentive programmes can encourage water users to improve water management
practices in both irrigated and rainfed settings. In agriculture, public support for
investments in land levelling and the purchase of drip or sprinkler systems can be
helpful, although such investments may not result in overall water savings. City
residents can be encouraged to reduce water use with subsidies or rebates for
purchasing water-efficient devices or installing drip irrigation in yards and kitchen
gardens. Industries respond positively to subsidies for investments in water-saving
processes and in wastewater capture and reuse. Such programmes are helpful
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when raising water prices. From the viewpoint of the water user, the higher prices
modify the incremental price of water as desired, while the subsidies can limit the
increase in the total cost of adjusting to higher water prices.

Regional and national monitoring programmes can assist in achieving efficient
water allocation and use. The China Crop Watch System (CCWS) gathers high
(30 m and above) and low-resolution (250 m to 1000 m) crop and water use in-
formation, via remote sensing, and evaluates several crop status indicators. The
CCWS includes the following modules: crop growth monitoring; drought moni-
toring; grain production estimation; crop production prediction; crop planting
structure inventory; cropping index monitoring; and grain supply-demand
balance and early-warning (Wu et al., 2014). In addition to improving the un-
derstanding of land and water resource management in China, the programme
provides information on droughts, cropping intensity, and the outlook for food
supply and demand conditions.

Briefly, many measures are available to public officials wishing to communicate
water scarcity conditions. Water pricing could work well in some areas and sectors,
while a programme of increasing public awareness or water use restrictions may be
needed in others. The key to achieving water-use efficiency on farms, in homes and
factories, and across river basins, is to ensure that all water users are made aware of
water scarcity conditions and are encouraged to adjust their water use accordingly.

Institutions and capacity-building

Institutions and capacity-building have played important roles in efforts to
improve water management and increase farm yields. Advances in the definition
and security of land tenure, the assignment of well-defined rights or allocations
to land and water, improvements in market access, and crop insurance program-
mes have enabled and encouraged farmers to make better use of land and water
resources (Kassie et al., 2013, 2015). Outreach efforts, such as farm advisory pro-
grammes, cooperative extension services, and farmer training programmes have
enhanced the capacity of many farm households to implement advances in pro-
duction technology and to strengthen their participation in input and output
markets (Dethier and Effenberger, 2012).

Providing access to complementary inputs

Many governments endeavour to improve agricultural productivity, often with
the aim of increasing domestic crop and livestock production, raising incomes
in rural areas, and ensuring national food security. Such efforts are challenging,
partly because agricultural programmes and subsidies are costly and can distort
farm-level decisions regarding cropping patterns, resource use and long-term
investments. Yet, in many lower income countries, smallholder farmers require
assistance in gaining affordable access to essential farm inputs, such as irrigation
water, high quality seeds, plant nutrients, farm chemicals, financial credit and
technical assistance. Thus, many governments attempt to offset some of the fi-
nancial burden of smallholder farmers by subsidizing selected inputs, including
seeds, fertilizer and irrigation water (Ellis and Maliro, 2013; Jayne and Rashid,
2013). Some governments also support prices in agricultural markets, either
through direct purchases or by imposing legislated minimum prices.
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The annual cost of direct and indirect agricultural subsidies can be substantial, and
yet the benefits are not always clear. Output price subsidies can promote expansion
in planted area, but crop yields per hectare do not necessarily increase. Many small-
holder farmers lack the technical expertise and experience to optimize the applica-
tion of subsidized inputs in crop production. They also lack the financial resilience
required to support production of higher valued crops that would enhance their
earnings over time. When grain prices are subsidized, many farmers will produce
grains, in part, because the downside risk is much smaller than for higher valued
crops. This strategy, on the part of smallholders, is rational in the short-term, but
limits the potential for long-term gains and the advancement of agriculture.

The challenge of subsidies is to design national programmes that achieve greater
growth in the agricultural sector, while reducing annual government expendi-
tures on farm inputs. A more appropriate approach would involve government
investments in regional infrastructure, such as the modernization of irrigation
and drainage systems, and investments in the services that would improve small-
holder knowledge of farm practices and access to essential farm inputs. For
example, national governments can invest in creating a more effective extension
service that would conduct outreach and training programmes for farmers across
the country. The extension programme could promote the development of pro-
duction centres pertaining to higher valued crops, while providing support for
those farmers continuing to produce grains and fodder, and those continuing to
raise livestock for sale or home consumption.

The essence of the challenge is to switch from subsidy programmes, which involve
annual expenditures to programmes entailing investments with longer-term
returns, such as the rehabilitation of infrastructure, the enhancement of extension
services, and the development of market mechanisms that assist smallholders to
sell their produce in viable markets at reasonable prices, without suffering the
negative impacts of collusive behaviour in restricted market settings. Such in-
vestments will contribute to the enhancement of both the supply and demand
components of national efforts to ensure food security in 2050.

Key Message 14

Innovations in water governance will be needed in many areas, partly
because of increasing competition for limited water supplies.

In future, innovations will be required to address systems of water rights, alloca-
tion, and management in many settings, given the increasing competition for water
across sectors. Many of the original forms of water governance were effective in
allocating and managing water during times of relative abundance, or when most
available water was used for agriculture. New governance structures will provide
broader groups of water users with greater involvement in water development,
allocation and management decisions. The outcomes will include wiser investment
programmes that contribute toward the goal of achieving sustainable water use,
with appropriate concern for environmental amenities.

National policies that are designed to achieve sustainable use of land and water

resources, with the goal of achieving or sustaining food security in 2050, must
address the socio-economic and cultural dimensions of resource use in agriculture,
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while acknowledging the critical agronomic and hydrologic aspects of water supply
and management in crop and livestock production (Bjornlund et al., 2014). Policies
should reflect the increasing demand for water to sustain environmental flows in
many river systems (Erfani et al., 2015).

As noted above, sufficient water and food will probably be available globally in
2050, provided that appropriate policies and programmes are implemented, and
where such interventions are needed, wise investments in institutions and infra-
structure are made. In addition, national policy-makers must endeavour to ensure
that in 2050 the available water and food are accessible and affordable to all. Thus,
policy-makers and investors must continue to support efforts to enhance and sustain
smallholder access to the land and water needed to support their livelihoods.

The provision of an irrigation service usually involves some form of collective action
and management, as irrigation systems require substantial investment and gene-
rally deliver water to more than one user. National and provincial governments
have built and operated many irrigation schemes, worldwide, often with mixed
results in terms of system performance and financial viability (Borgia et al., 2013;
Al Zayed et al., 2015). Farmer-managed systems have gained popularity in recent
decades, partly because of the efforts of national governments to off-load the
financial responsibility for operating and maintaining irrigation schemes (Cakmak
et al., 2010; Rap and Wester, 2013; Suhardiman, 2013; Zinzani, 2014; Senanayake
et al., 2015). Farmer-managed systems, and those operated jointly with private
sector contractors, have achieved mixed results (Wellens et al., 2013; Huang, 2014;
Latif et al., 2015). Water user associations are popular in many countries, yet the
financial performance, and quality of service provided to farmers, vary substan-
tially with differences in institutional settings, rules pertaining to farmer repre-
sentation and the agronomic and hydrologic settings (Bhatt, 2013; Yami, 2013;
Zhang et al., 2013; Hu et al., 2014).

The degree to which farmer-managed systems achieve success is partly related to
the institutional setting in which the scheme operates. Farmer-managed schemes
have achieved moderate success in countries with well-defined institutions that
support the assignment of property rights to land and water, and provide legal
recourse for disputes regarding those rights (Hanemann, 2014). Efforts to establish
successful farmer-managed irrigation schemes have been less successful in countries
lacking these features (Meinzen-Dick, 2014). In future, innovations in water go-
vernance structures will be needed in both lower and higher income countries, to
address successfully the water allocation and management challenges that arise
with increasing water scarcity (Bjornlund et al., 2014; Young, 2014).
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Critical Perspectives for Policy-makers

The aim of this paper is to provide policy-makers with a helpful overview of the
technical and economic aspects of water use in agriculture, with particular
emphasis on crop and livestock production. Through 2050, in many countries,
agriculture will remain an important determinant of economic growth, poverty
reduction, and food security, even as, over time, the proportion of agricultural
revenue in national gross income declines. Water use in agriculture will remain
substantial, irrigated areas will expand and competition for water will increase in
all sectors. Most likely, overall supplies of land and water will be sufficient to
achieve global food production goals in 2050; although poverty and food
insecurity will remain pressing challenges in several regions and countries. Thus,

the focus of this report is on the regional and national aspects of food security.
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