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COVER Letter from the HLPE to this V0 Consultation 

HLPE consultation on the V0 draft of the Report:  

Water and Food Security 

 

In October 2013, the Committee on World Food Security requested the High Level Panel of 
Experts on Food Security and Nutrition (HLPE) to prepare a report on Water and Food 
Security. Final findings of the study will feed into CFS 42nd session in October 2015.  

As part of the process of elaboration of its reports, the HLPE now seeks inputs, suggestions, 
comments on the present V0 draft. This e-consultation will be used by the HLPE to further 
elaborate the report, which will then be submitted to external expert review, before 
finalization and approval by the HLPE Steering Committee. 

HLPE V0 drafts are deliberately presented at a work-in-progress stage ï with their range of 
imperfections ï early enough in the process, when sufficient time remains to give proper 
consideration to the feedback received so that it can be really useful and play a real role in 
the elaboration of the report. It is a key part of the scientific dialogue between the HLPE 
Project Team and Steering Committee and the rest of the knowledge community. In that 
respect, the present draft identifies areas for recommendations at a very initial stage, and the 
HLPE would welcome any related evidence-based suggestions or proposals. We would also 
appreciate if this draft is not cited or quoted until it is finalized.  

In order to strengthen the related parts of the report, the HLPE would welcome comments 
and inputs on the following important aspects: 

1. The scope of the topic of water and food security is very broad. Do you think that the 

V0 draft has adequately charted the diversity of the linkages between water and food 

security and nutrition?  Is there important evidence or aspects that the present draft 

has failed to cover?  

2. Has the report adequately covered the diversity of approaches and methodological 

issues, in particular concerning metrics and data for water and food security? Which 

metrics do you find particularly useful and which not?  

3. Food security involves trade of agricultural produce, and a virtual trade of water. 

Agricultural trade interacts with water and food security in various ways, and 

differently for food importing countries, food exporting countries, water scarce versus 

water rich countries. Do you think the V0 draft has appropriately covered the matter? 

4. In this report, we considered the potential for an expansion of the right to water to 

also encompass productive uses. What kind of practical and policy challenges would 

this bring?  

5. Which systemic actions/solutions/approaches would be the most effective to enhance 

water governance, management and use for food security?  
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We are aware that we have not yet adequately covered, in the V0 draft, some issues of 

importance.  

We invite respondents to suggest relevant examples, including successful ones and what 

made them possible, good practices and lessons learned, case studies, data and material in 

the areas of:  

a. Comparative water performance (productivity and resilience) for food security 

and nutrition of different farming systems, and food systems, in different 

contexts 

b. Water use in food processing 

c. Water for food and nutrition security in urban and peri-urban contexts  

d. Water governance, policies and management systems capable of better 

integrating food security concerns while tackling trade-offs between water 

uses/users in an equitable, gender just and deliberative manner. We are 

particularly interested in examples that have enhanced social justice and also 

benefitted marginalised groups. 

e. We welcome also examples on how the role of water for food security and 

nutrition is accounted for in land governance and management and land-use, 

including links between land tenure and water rights. 

We thank all the contributors in advance for their time to read, comment and suggest inputs 
on this early version of the report. 

We look forward to a rich and fruitful consultation. 

 

The HLPE Project Team and Steering Committee 

 

Editorial note, 5 October 2014 

This version has been uploaded on 5 October and differs from the version originally posted by the 
sentence on page 10, line 2. Some minor grammatical errors have also been corrected. The rest is 
identical. 

This draft remains a V0 draft. It will be subject to substantial works and editing after the present 
consultation. 
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INTRODUCTION 1 

Water is essential for all forms of life. Water is what brings life to many ecosystems, such as forests, 2 
lakes or wetlands, and is fundamental for many economic sectors, including energy, manufacturing as 3 
well as cultural and aesthetic uses. 4 

Meanwhile, water is a fundamental to human food security and nutrition (FSN).
1
 Water of sufficient 5 

quantity and quality is an essential input to all types of agricultural production, as well as the 6 
preparation and processing of food (CA, 2007; FAO, 2012; Rosegrant and Cline, 2002). Safe drinking 7 
water and sanitation are likewise fundamental to the nutrition, health and dignity of all (UNDP, 2006).  8 

Yet water is a resource under  increasing stresses, which undermine its contributions to FSN: 9 
population growth, changing lifestyles - including changing food consumption patterns towards more 10 
livestock products- and increasing demands from a range of economic sectors including agriculture, 11 
energy generation, mining, and manufacturing are increasing competition for limited freshwater 12 
resources. Increasing pollution in many parts of the world from both agriculture and industry are 13 
rendering water unfit for use and impacting on human and ecosystem health. Unsustainable resource 14 
management is reducing ecosystem functions and services from land, fisheries, forests and wetlands, 15 
including their ability to provide food and nutrition to rural and urban poor communities in particular. 16 

Inadequate or lack of access to safe drinking water and adequate sanitation facilities and hygiene 17 
practices is reducing the nutritional status of people through water-borne diseases and chronic 18 
intestinal infections. 19 

In general, these core problems, which can be exacerbated by climate change, tend to 20 
disproportionately affect poor and marginalised women, men, and children across the globe due to 21 
existing power imbalances and unequal gender relations. Failure to effectively and efficiently allocate 22 
and utilize available water resources, especially in regions marked by water scarcity, can further 23 
undermine the ability of communities to meet their basic nutritional food needs. How access and use 24 
of water takes shape in specific national and local settings depends on the particular social, political 25 
and cultural context of water management, as well as the particular governance dimensions of water 26 
availability and access. While some groups face structural discrimination and exclusion, climate 27 
change is making the task of solving these problems even more urgent. 28 

How to solve these problems is not obvious, partly due to the nature of water itself. Water availability is 29 
highly variable across time and space (Mehta, 2014). Its availability is characterised by the complex 30 
interactions of a number of elements which include rainfall, temperature, wind, runoff, 31 
evapotranspiration, storage, distribution systems and water quality. Freshwater is a limited resource, 32 
and creating additional water supplies through, for example, increased storage or desalination, has 33 
limited opportunities. It is thus necessary to manage within the natural limitations of available 34 
freshwater. The earthôs land surface receives about 110,000 km3 of rainfall annually. More than half of 35 
this water is evapotranspired (transmitted from soils and through plants to the air); about 20,000 km

3
 36 

falls on land that is cultivated in some form; and about 40,000 km3 becomes available in dams, lakes, 37 
rivers, streams and aquifers for human and environmental uses (UN WWAP, 2012; CA, 2007; 38 
Rosegrant, 1997).  39 

While accessible water resources are adequate at global levels to meet the water needs of the world, 40 
(about 40,000 km

3
), these resources are unevenly distributed across the globe with per capita 41 

resources particularly low in the Middle Eastern, North African and Southern Asian regions. Within 42 
regions and countries there are significant variations in water availability. Availability also varies 43 
considerably over time, with significant intra- and inter-annual water variations, concentrated in poorer 44 
regions (Grey and Sadoff, 2007). Inequality within and between countries, communities and 45 
households means that many people continue to have inadequate access to water embedded in food, 46 
as reflected in unacceptably high under-nutrition rates (see, for example, FAO 2013a), as well as 47 

                                                      
1  The World Food Summit in 1996 adopted the following as a definition of food security: ñFood security exists when all 

people at all times have physical and economic access to sufficient, safe and nutritious food to meet their dietary 
needs and food preferences for an active and healthy life.ò (FAO, 1996).  This definition is based on four dimensions 
of food security: Food availability: the availability of sufficient quantities of food of appropriate quality, supplied 
through domestic production or imports. Food access: access by individuals to adequate resources (entitlements) for 
acquiring appropriate foods for a nutritious diet. Utilization: utilization of food through adequate diet, clean water, 
sanitation and health care to reach a state of nutritional well-being where all physiological needs are met. Stability: to 
be food secure, a population, household or individual must have access to adequate food at all times.  
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limited or no access to clean drinking water and sanitation with significant adverse food and nutrition 1 
outcomes. In parts of the globe, historical rainfall patterns are changing, adding significant uncertainty 2 
to the availability of water in many regions in the future.  3 

Meanwhile, the human population is expected to grow to 9.6 billion people by 2050, with the result that 4 
per capita water availability will continue to decline into the future (Table 1), particularly in developing 5 
countries where population growth will be concentrated. Per capita water availability is also declining 6 
due to growing water pollution, which makes water unusable for many human purposes (Palaniappan 7 
et al., 2010), and variability of supply is growing to different degrees as a result of climate change 8 
(Bates et al., 2008).  While future water demand estimates vary, there is agreement that domestic, 9 
municipal and industrial demands are growing faster than irrigation demands; that municipal and 10 
domestic demand increases are closely aligned with urbanization trends; that there is particularly high 11 
uncertainty regarding industrial water demand trends; and that irrigation demands will continue to 12 
account for the largest share of total water demands.  Taken together, these various trends point to a 13 
serious dilemma of dramatically increasing, competing demands on what is after all a limited natural 14 
resource, and one which is crucial to all life and particularly the food security and nutrition of all 15 
humanity.  16 

Growing water scarcity and variability will increase the competition for water resources across sectors, 17 
with water often being taken away from the agricultural sector to drive greater economic value per unit 18 
of water in other sectors. Increasing competition also often results in smaller, and poorer, water users 19 
losing their access to water. Conflicts are likely to grow between urban and rural users, upstream and 20 
downstream users, between in-stream (aquatic resources) and off-stream (mostly human) users (CA, 21 
2007) and between countries dependent on shared or transboundary water resources. All this makes 22 
arriving at good decisions ï and therefore good decision making ï with regard to water an urgent 23 
imperative.  24 

The underlying issue is: who should get what access to which water when, for how long and for what 25 
purposes? Answering this question is complicated and often controversial enough within a single 26 
country. Yet, this is clearly not enough. While it is often observed that ñwater flows to powerò, it is also 27 
clear that, because of the existence of transboundary basins, water is a resource that ñignoresò 28 
administrative boundaries (be in infra or supra national), thus complicating the challenge of sharing 29 
water and of water governance.   30 

Many processes, from local to global scales, are relevant to water issues such as for example trade in 31 
food and other commodities; global climate policy; global energy policies; financial policies, 32 
development policies and related international processes, such as on  investment, (World Commission 33 
on Dams) or on sustainable development  (Rio+20 and the Sustainable Development Goals), and 34 
importantly, on environment ( Convention on Wetlands of International Importance ï Ramsar- ,  the 35 
United Nations Convention to Combat Desertification, and the Convention on Biological Diversity). 36 

The Committee on World Food Security in its 40th session requested the High Level Panel of Experts 37 
on Food Security and Nutrition (HLPE)  to prepare a report on Water and Food Security for its 42nd 38 
session in 2015, noting that ñWater has an important role in food security through its multiple impacts 39 
on: health and nutrition (drinking water, cooking water, sanitary aspect/diseases), on agricultural 40 
production (access to water, water management, improvement of irrigation and dryland agriculture) 41 
and on food processing (water management, quality of wateré). This topic should be seen in the 42 
wider context of the nexus between water, soil, energy and food security which is recognized as a 43 
pillar of inclusive growth and sustainable development.ò  44 

In a business as usual scenario, population growth and shifts towards increased use of animal based 45 
protein in affluent communities across the world will require world food and feed production to increase 46 
by 60% between 2005 and 2050 (FAO, 2012). Without improvements in agricultural water productivity 47 
the world will need to increase significantly water withdrawals  affecting other development sectors. In 48 
his seminal study of starvation and famines, Amartya Sen argued that the fixation with the per capita 49 
food availability decline (FAD) is a misleading way to look at hunger and famine, since hunger is more 50 
about people not having access to food due to wider social and political arrangements as opposed to 51 
there not being enough food to eat (Sen, 1981 and 1983). Looking at per capita availability of a 52 
resource lacks relevant discrimination and is even more gross when applied to the population of the 53 
world as a whole (Sen, 1981).  Water scarcity is also often misleadingly perceived as per capita water 54 
availability rather than inequality in access to water supply. But usually, water access is determined by 55 
social and political institutions, cultural and gender norms and property rights. Some groups may suffer 56 
from lack of water even when there is more than sufficient water available in a region. Thus, water 57 
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shortages (and famines) are best understood as entitlement failures requiring effective and democratic 1 
governance solutions that can be accepted as legitimate by all (Anand, 2007; Mehta, 2014).   2 

In light of the aforementioned problem statement, this report aims to (i) better understand the multiple 3 
linkages and interdependencies related to water (and therefore underpinning water governance), how 4 
they are governed and the resulting implications for FSN; and (ii) to propose ways which, by acting on 5 
them at different levels, can lead to improved FSN, now and in the future.  In the light of growing water 6 
shortages and variability as well as competing claims over the resource, the governance of water 7 
management for FSN is critical. We will examine the framing of water-FSN discourse, the interactions 8 
(from local, to national and global) among different institutions, actors and structures that determine 9 
how and by whom power is exercised, and where decisions are taken on water for FSN. Rights, 10 
relationships, responsibility, and accountability are key issues along with the set of rules, as well as 11 
cultural or social norms that regulate access, use and control over water. This also means critically 12 
engaging with the right to water and the right to food and examining their relationship and asking 13 
whether some expansion in definitions is required.  Finally, the entire report takes into account 14 
inherent uncertainties around accessing water for FSN ï namely climate change, rapid economic 15 
changes and consumption patterns, land deals and their water-related consequences as well as 16 
competing demands on water.  17 

The water domain has been traditionally divided into two sectors:  water supply / services and water 18 
resources management, or as the 2006 Human Development Report puts it, ówater for lifeô and ówater 19 
for productionô (UNDP 2006). Water for life refers to water for drinking and domestic purposes and is 20 
considered key for human survival. Water for production refers to water in irrigation, industry and 21 
small-scale entrepreneurial activities as well as using water to produce food for subsistence. This 22 
distinction, however, is highly problematic from the perspective of local users whose daily activities 23 
encompass both the domestic and productive elements of water and for whom there is little sense in 24 
separating water for drinking and washing and water for small-scale productive activities so crucial for 25 
survival.  This distinction is particularly limiting when advancing water for FSN and also gives rise to 26 
some limitations in the conceptualization of the right to water in relation to the right to food.  Added to 27 
this complication is sanitation which was only added to the MDG discussion in 2002.  Even though 28 
sanitation and water issues are highly interlinked, they have different logics, politics and disciplinary 29 
underpinnings and usually when water and sanitation are mentioned in the same breath, sanitation 30 
issues are often ignored. Traditionally, wastewater and issues concerning water quality were also 31 
treated separately and not in an integrated manner. Similarly, land and water governance tend to be 32 
treated separately in policy discourses both at the national and global levels.  33 

In water, data is very often a challenge for action. Data definition, quality and transparency, precision 34 
at lower geographical scales, disaggregation by users, and gaps are the biggest issues. First, water 35 
management focuses on hydrologic entities such as a basin or watershed

2
, which are therefore often 36 

used to report on water data, but these are different from administrative units or country boundaries. 37 
Second, lack of transparency, especially concerning transboundary water resources can impede co-38 
operation. Third, there are currently few, reliable statistics at lower geographical scales. Much of the 39 
available data are either modelled or estimated for hydrological units or national levels, and then 40 
disaggregated using algorithms or statistical tools. Global figures are not sufficient to have an 41 
adequate picture of issues at lower scales. Fourth, there is also a lack of disaggregation by categories 42 
of users, or gender, and their entitlements. There has been little comparable international data on 43 
gender indicators and most of the agencies lack proper sex-disaggregated data, making it impossible 44 
to monitor progress or devise gender sensitive policies.

3
 Fifth, there are major data gaps, especially to 45 

cover other aspects than volumetric ones, for example social aspects, which are especially needed at 46 
lower scales; in the coverage of small-scale irrigation; understanding of groundwater use; coverage of 47 
some key demand sectors or domains such as peri-urban or slums areas.  48 

All of this is all the more a challenge for action as water management, and the related tools, often 49 
require an extensive knowledge base, which can be quite challenging in data-poor environments. Use 50 
of inappropriate data (such as data at inappropriate scale) can lead to policy debates at the 51 
international and national levels to be at odds with the perceptions, knowledge and experiences of 52 

                                                      
2  This refers to the area of land where surface water from rain and melting snow or ice converges to a single point at a 

lower elevation, usually the exit of the basin, where the waters join another water body or flow into the ocean.  
3  There have recently been some improvements, however. The WHO/UNICEF Joint Monitoring Programme post-2015 

consultation has emphasized issues of Equity, Equality and Non-Discrimination (END) which can overcome some of 
the issues outlined above. For instance, it has been proposed that intra-household inequality should be addressed 
through disaggregating data by age, gender, health, disability, etc.  
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local water and food users (Mehta and Movik, 2014). This is why the report utilizes data and analysis 1 
from the big existing databases, and also extensively draws on qualitative analysis. 2 

A short report of this nature cannot be exhaustive on this matter. It does, however, serve to synthesize 3 
existing research findings and highlight key concerns and opportunities to assist national and 4 
international policy makers to adopt effective policies and strategies to address the challenges of 5 
water in relation to food security and nutrition in a less fragmented way than is the case now.  6 

In this report, two fundamental lenses are used to examine the issue of water and FSN. The first is the 7 
human rights framework, particularly the rights to food and water, and how these two rights intersect 8 
and support each other.  In particular, we are interested in exploring whether the right to water can be 9 
expanded to encompass uses of water that are directed towards the realization of the right to food. 10 
The second is a lens that looks at the possibility of reframing the challenge in order to reframe the 11 
solution ï looking at issues of redistribution and equity, reduction of waste, and changes in agricultural 12 
and dietary practices in order to ensure water for FSN.   13 

The report is organised as follows: Chapter 1 highlights the multiple linkages between water and FSN 14 
and provides an overview of global and regional trends around the different aspects of water and  15 
looks at emerging challenges such as water quality, land acquisitions and grabs, and climate change, 16 
that are critically affecting water for FSN now and in the future. It also examines a range of competing 17 
narratives, discourses and metrics to understand water for FSN. Chapter 2 spells out how agricultural 18 
production and water use in food processing and production are affected by a range of uncertainties 19 
and how different alternative pathways need to be explored to reduce risk and improve food security. 20 
Chapter 3 turns to look at the different regimes and processes affecting water allocation, access and 21 
use from local to global. Water is a contested resource and these politics are unpacked before looking 22 
in detail at the relationship between the right to water and the right to food and an exploration of a 23 
possible expansion of the right to water. Chapter 4 spells out specific recommendations for policy and 24 
practice.  25 

26 
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1 WATER FOR FOOD SECURITY AND NUTRITION:  1 

CHALLENGES FROM GLOBAL TO LOCAL  2 

Water and food security and nutrition are linked in numerous ways, from food production and 3 
transformation to consumption and absorption. In fact, FSN is very dependent on water resources, on 4 
their availability, accessibility, quality and stability. These resources are submitted to increasing and 5 
competing demands, from agriculture and other economic sectors. Availability and demand determine 6 
water scarcities, which are very different around the globe and with different impacts according to 7 
economic and social situations. 8 

1.1 Water, key to Food Security and Nutrition 9 

 Charting the multiple linkages 1.1.110 

Water is central to food security and nutrition: it is a key factor for the production of food, including 11 
processed foods; it is key for food preparation; and it contributes to nutrition directly through potable 12 
water, and indirectly through water for hygiene and sanitation (WASH), which is a factor of health and 13 
as such has a direct impact on nutrition.  14 

Figure 1  The multiple interfaces between water and food security and nutrition (FSN) 15 

 16 

 17 
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Figure 1 depicts the multiple interfaces between water and food security and nutrition. On the left hand 1 
side of the figure, four dimensions of water, considered as a resource for anthropic uses, are 2 
highlighted: 3 

1. Availability: in terms of its natural physical availability through rainfall, rivers, aquifers etc. in a 4 
particular region. 5 

2. Access: while there may be sufficient water in rivers, lakes and aquifers, issues pertaining to 6 
allocation and authorisation to use water, and the infrastructure necessary to use the water where 7 
it is required (pumps, pipelines, taps, canals, etc.) may support access to water for food security 8 
and nutrition, or hinder it. 9 

3. Quality: water quality in terms of food security and nutrition has different implications according to 10 
uses for irrigation, with differences according to crops, for food processing, food preparation, 11 
drinking, and also for health and hygiene; On the other hand food production and processing itself 12 
has an impact on water quality (pollution).  13 

4. Stability: availability, access and quality of water are variable through time. This results from 14 
natural cycles, but also from human interferences and perturbations of the water cycle, through 15 
return flows and ecosystem degradation. Different water resources may behave very differently in 16 
terms of stability. Reversely, stability the water resource is often determinant for the uses.    17 

These dimensions of water resources in fact mirror those from the definition of food security. 18 

Without sufficient water of an appropriate quality along the food value chain, the food and nutrition 19 
security of people is compromised. As always, it hits the poorest of the poor hardest.  20 

Linkages between water and food and nutrition security can be described at multiple levels, including 21 
at individual and household level. They are influenced by multiple competitions, by local, regional and 22 
global policies and investments, including trade policies, investments in agricultural research and 23 
development, sanitation, and other drivers such as climate change and energy costs.  All these 24 
linkages and processes occur under growing uncertainty.  25 

As the blue arrows representing anthropic water uses indicate, water is necessary for food production 26 
(fisheries, crops and livestock), food processing and food preparation. The vast bulk of the water is 27 
required for production, with relatively small amounts of water required for food processing and 28 
preparation. Uses of water for agriculture, drinking or WASH (domestic water supply, sanitation and 29 
hygiene) altogether compete with other uses of water, especially for industry and energy. 30 

Water needed for drinking and for WASH is minimal in quantity in the overall volume of water used 31 
globally, but issues of access and quality are paramount.  32 

It has been recently argued that the preponderant concern in the ñWASHò use of water has been with 33 
ensuring health outcomes, diarrhoea in particular, which is a key challenge for nutrition (see below). 34 
However this approach should not lead to ignore other benefits of WASH for food security (Loevinsohn 35 
et al., 2014). For example, improved water supply is often used by women to irrigate kitchen gardens 36 
or for other productive purposes to enhance livelihoods and food security (Nicol, 2000; van Koppen et 37 
al., 2009) and this also leads to improved child nutrition. 38 

Water may be considered a public good and, in many countries, a basic right but poor people are 39 
often denied access because water is overpriced. Also women often have minimal control over 40 
household finances or spending. Power relations within the household mean that they sometimes 41 
cannot make their own decisions about whether to buy water which may force them into a daily trudge 42 
(taking precious time) for cheaper or free untreated water, which is likely to result in health problems or 43 
increased poverty and destitution. Gender and other markers of identities also continue to mold water 44 
allocation and access among users (Mehta, 2013). 45 

Easy access to safe and convenient water supplies is crucial to enhance womenôs and girlsô well-46 
being. Cultural norms in much of the developing world dictate that women and girls are responsible for 47 
water collection and they can spend up to 3 hours per day collecting water. This time could instead be 48 
used to focus on livelihood and agricultural activities, attending school and to improve maternal and 49 
infant health (Mehta, 2014; WHO/UNICEF Joint Monitoring Programme, 2012). Lack of appropriate 50 
sanitation facilities at schools also reduces girl child attendance at school during menstruation, 51 
adversely impacting on their education.  52 
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Finally, water is key to ecosystem integrity, which in turn is central to the food security of smallholder 1 
producers who engage in all three types of small scale food production systemsïfresh water, brackish 2 
water and saltwater fisheries, subsistence crop production and livestock production/ pastoralism). In 3 
sum, water is necessary for all the óactivities, processes and outcomesô (cf. Ericksen et al., 2010) 4 
related to the food system

4
 and the framework indicates multiple entry points for considering water and 5 

water use.  6 

 Water quality and food security and nutrition 1.1.27 

The question of water quality can be differentiated according to uses. For food processing and food 8 
preparation, as well as for drinking, water quality is of crucial importance. Lack of access to safe and 9 
clean water for drinking and hygiene has been identified long ago as a key underlying cause of 10 
malnutrition, particularly in children (UNICEF, 1990). A safe and reliable water supply, sanitation and 11 
hygiene practices (WASH) are basic necessities, required to ensure human development and to allow 12 
human activity to flourish (Mehta, 2014). Drinking water also provides important micronutrients, 13 
particularly for fluoride, calcium and magnesium, with risks of undesirable or excess elements, such as 14 
fluoride or arsenic in certain regions (Olivares and Uauy, 2005; Wenhold and Faber, 2009). Bad 15 
quality water is a major cause of diarrhoea, which itself prevents absorption of nutrients (Box 1). 16 
Several water-related diseases directly lead to food and nutrition insecurity: waterborne diseases such 17 
as cholera, water-washed (or faecal-oral) diseases such as environmental enteropathy, water-based 18 
diseases such as schistosomiasis and water-related, vector-borne diseases such as malaria.  19 

Box 1 Diarrhoea: a major cause of malnutrition  

Diarrhoea, the second leading cause of child death around the world and the leading cause in sub-
Saharan Africa, exacerbated by lack of safe drinking water and adequate sanitation facilities and 
hygiene practices, is both a cause and a result of inadequate nutrition. According to the WHO (2010) 
food and water-borne diarrhoeal diseases kill an estimated 2.2 million people annually, most of whom 
are children in developing countries.  Repeated bouts of diarrhoea prevent children from achieving 
normal physical and cognitive development, while poor nutrition weakens the immune system, leading 
to more frequent bouts of diarrhoea. The result is a negatively reinforcing cycle. In addition, infection 
impacts negatively on nutritional status by reducing appetite and intestinal absorption of nutrients 
particularly as a result of environmental enteropathy which is a result of chronic childhood exposure to 
faecal microbes as a result of inadequate sanitation and hygiene. It is estimated that the provision of 
safe drinking water, adequate sanitation and hygiene education could prevent at least 860,000 child 
deaths per annum (Prüss-Üstün et al., 2008) suggesting that interventions on the water 
supply/sanitation side are important nutrition interventions. 

 20 

Water quality also matters for agriculture: for example, some crops, such as barley and sugar beet are 21 
relatively tolerant to high salt levels, while most fruit and nut trees and several vegetables, such as 22 
beans and carrots are highly sensitive to salinity levels (Ayers and Westcot, 1985). The use of treated 23 
wastewater for crop production is common in both developed and developing countries, but generally 24 
regulated in the former regarding the quality of the wastewater and the type of crops that can be 25 
watered, to address health concerns (Ayers and Westcot, 1985). Regulation of irrigation with waste 26 
water is, however, weak in most developing countries with potential negative impacts on human 27 
health. Jawahar and Ringler (2009) caution that while dietary diversification has improved nutritional 28 
and health status in developing countries, it has also added a new range of food safety risks along the 29 
value chain, principally caused by poor water management and quality, which affects particularly the 30 
consumption of fresh fruits, vegetables, dairy and other animal products. 31 

 32 

                                                      
4  The HLPE (2014a) defines the food system as follows: óA food system gathers all the elements (environment, people, 

inputs, processes, infrastructures, institutions, etc.) and activities that relate to the production, processing, distribution, 
preparation and consumption of food, and the outputs of these activities, including socio-economic and environmental 
outcomesô (HLPE 2014a: 29).  The complexity of food security requires a complex framework that encompasses 
social, political, economic, and ecological issues and must also include the óactivities, processes and outcomesô 
related to food (Ericksen, et al. 2010:27). 
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Box 2 Is stunting linked with poor sanitation?  

Effects of inadequate nutrition in the first 1000 days of a childôs life (including gestation) are 
irreversible (Victoria, et al. 2008) and include lower óeducational, income and productively outcomesô 

(UNICEF 2013a: 5). Height, which is often used as a proxy for child nutritional status, has also been 
shown to link with both cognitive ability and adult learning levels (Case and Paxton 2006). 

Sanitationôs causal links with stunting have been demonstrated in both epidemiological literature and 
in econometric studies of sanitation in India (Spears, 2013). Despite higher levels of wealth, Indian 
children are shorter than their counterparts in African countries. Spears (2013) demonstrates that poor 
sanitation goes a long way to account for this difference, with sanitation levels predicting height even 
when controlling for GDP. He additionally finds that population density interacts with rates of open 
defecation, multiplying the effects of poor sanitation. This interaction may explain why even Indian 
children from wealthy households are shorter than international height standards (ibid). Despite the 
link between sanitation and health, particularly stunting, sanitation and faecally transmitted infections 
have been a blindspot for under-nutrition studies (Chambers and von Medeazza 2013), although 
recent reviews have drawn attention to water, sanitation and hygiene (WASH) interventionsô small but 
positive impacts on growth for children under five (Dangour, et al., 2013). 

On the other hand food production and processing as well as human waste (such as urine and faeces) 1 
impact water quality. Nitrogen and phosphorus are key water pollutants stemming from agricultural 2 
production. Both livestock and aquaculture production, when done on industrial scale, are associated 3 
with significant wastewater discharge along their value chains with potential adverse impacts on 4 
human and animal health and the environment (Delgado et al., 1999; Naylor et al., 2000). Appropriate 5 
reuse of wastewater, however, can reduce the cost of fertilizer applications, particularly phosphorus 6 
and nitrogen (Drechsel et al, 2010). 7 

1.2 Water resources 8 

When we look at agriculture and food security, all forms of availability of water have to be considered: 9 
rainfall, runoff and groundwater. Water basins are the pertinent geographic entity to appraise/measure 10 
water resources (rainfall, runoff or ground water). 11 

Water is unevenly distributed, in terms of rainfall, runoff, and groundwater. When the resource in terms 12 
of rainfall is insufficient for rainfed agriculture, agriculture needs to rely on irrigation. Irrigation is a 13 
mean to compensate for scarcity or irregularity of water availability. 14 

There are resources of water of different qualities. This condition their potential uses. And in turn, the 15 
quality of the resource is often influenced by uses, such as excessive consumption, return flows of 16 
degraded quality (microbial and chemical pollution, temperature, etc.). 17 

 Impact of climatic variability and climate change on water 1.2.118 

resources  19 

Climate change will impact precipitations, runoff , and groundwater tables. It will also impact sea level. 20 
All these effects will impact water resources for food production, as well as resources for human use. 21 

Many regions of the world are subject to high levels of inter-annual climate variability with concomitant 22 
floods and droughts. In some regions, droughts, or periods of below average rainfall, may extend over 23 
several years. There is some evidence that droughts have become more intense in recent decades 24 
(UNU-IDHP 2014).  25 

The resulting uncertainty for agricultural production impacts on the willingness of a range of 26 
agricultural stakeholders to invest in ñpotentially more sustainable, productive and economically 27 
rewarding practices when the outcomes and returns seem so uncertain from year to yearò (Cooper, et 28 
al. 2008:26). Both floods and droughts have significant impacts on the production of food and on FSN 29 
in these areas. While droughts can result in crop failure and the death of livestock, particularly in areas 30 
of rainfed agriculture, floods can sweep away villages, roads, crops, livestock and people, wreaking 31 
havoc and leaving affected communities without houses, services and food. In addition, floods can 32 
result in contamination of water supplies, resulting in outbreaks of disease and lowered nutritional 33 
security of affected populations (see also HLPE 2012a). 34 
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Box 3 Droughts 

According to the FAO, the Horn of Africa has been affected by droughts virtually every year for the 
past 12 years. Kenya experienced severe droughts in 2009 and 2011, with its agricultural production 
most severely impacted in 2009 where wheat yields were 45% below those of 2010. Australia suffered 
multi-year droughts between 2002 and 2010 with a drop in total Australian wheat yield by 46 percent 
in 2006 (below the 1960-2010 yield trend level). The 2010 drought in Russia, the worst in 38 years, 
was long, intense, spread over a sizeable area and resulted in serious environmental, social and 
economic impacts. The 2011 US drought covered the southern states with Texas, Oklahoma and New 
Mexico most adversely affected while parts of Arizona, Kansas, Arkansas, Georgia, Florida, 
Mississippi, Alabama, South and North Carolina were also affected.  

Source: FAO Land & Water (n.d.)  

 1 

Figure 2  Global Drought Hazard Distribution    2 

 3 

However, there is a further impact arising from areas of high climate variability which impacts on food 4 
and nutritional security in these areas. Grey and Sadoff (2007) have tracked the relationship between 5 
economic growth and rainfall in several countries that are highly dependent on rainfed agriculture (see 6 
Figure 4 for example).  What this means is that during periods of drought, not only do poor and rural 7 
people experience increased hunger due to crop failure, but the negative impact on the overall 8 
economy also reduces the ability of the state to intervene and reduces the buying power of the 9 
population to replace failed crops with purchased food.  It is estimated that ó6 to 8 million people die 10 
annually from the consequences of water-related disasters and diseasesô (ITU 2014). 11 

According to the IPCC (2014), increased hydrological variability due to climate change will further 12 
strain water resources, which poses a risk to crop productivity and therefore to regional, national and 13 
household livelihoods. Some areas are very likely to experience an increase in rainfall, other regions 14 
are very likely to become drier, but extremes of rainfall and temperature (floods and drought) are very 15 
likely to increase in frequency and severity (IPCC, 2011). In regions with high food insecurity and 16 
inequality, these changes will particularly affect poorer households (IPCC, 2014). 17 
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Predicting with precision the actual impacts of climate change on water availability is difficult, for a 1 
number of reasons. The first is that there are a number of global circulation models. Downscaling 2 
based on different models can result in significantly different predictions of rainfall changes. As an 3 
example Figure 4 shows the predicted variation in rainfall in the Berg River catchment of South Africa 4 
under five different GCM models. In addition, changes in rainfall do not result in a simple linear 5 
correlation with water availability, since factors such as rainfall duration and intensity, surface 6 
temperature and vegetation all play a role in determining what percentage of rainfall is converted into 7 
surface water run-off into rivers, dams and wetlands, or into groundwater.  8 

In addition, the impacts of changed rainfall patterns on water quality have not been sufficiently studied, 9 
but heavy rainfall may well increase pollutant loadings, which would impact the quality of raw water 10 
and drinking water(IPCC 2014). According to the IPCC, climate changes (included changes in 11 
precipitation, temperature and radiation) are likely to result in an increase in agricultural water demand 12 
in irrigated and rainfed systems (Jiménez et al., 2014). Irrigation demand is projected to increase by 13 
more than 40 percent in some areas, with significant regional variance (ibid). This is over and above 14 
the increasing water demand for the expansion of agriculture in order to meet the FSN needs of a 15 
growing population. 16 

Figure 3  Rainfall, GDP growth and Agricultural GDP growth in Ethiopia 17 

 18 

Source: Grey and Sadoff 2007 19 

Figure 4  Predicted rainfall changes in the Berg River catchment, South Africa, under five 20 

GCMs 21 

 22 
Source: DWA (2012) 23 
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Climate change is also linked to exacerbating existing problems in terms of water quality and 1 
uncertainties in accessing water supplies (ODI, 2011).  2 

 Increasing importance of groundwater resources 1.2.23 

In many parts of the world, groundwater forms a critical source of water for domestic purposes and for 4 
irrigation in particular.  5 

It is increasingly being used at a rate which often exceeds renewal capacity. According to Döll et al 6 
(2012), 35% of all water withdrawals during 1998ï2002 were from groundwater and groundwater 7 
contributed 42% of all irrigation water use, 36% of domestic use, and 27% of total manufacturing use. 8 
Groundwater abstraction is estimated to have increased from 312 to 734 billion m

3
 annually between 9 

1960 to 2000 (Wada, et al. 2010). Over the same period, groundwater depletion increased from 126 10 
km

3 
to 283 km

3
 per year (Wada, et al. 2010). This has resulted in over-abstraction in many areas, 11 

particularly in India, Pakistan, the United States and China.  12 

Box 4 Competition for groundwater resources in water-abundant Bangladesh 

ñJobeda Khatun, a widow about 40 years old, lives with three of her children, a son aged 20, and two 
daughters aged 17 and 13. Ten years ago when her husband was still alive [é] they installed a hand 
tubewell on their homeplot. This privately owned well serves about six households in a cluster. Like 
many other hand tubewells in the village, their pump becomes inoperative during the dry months of 
February ïApril. Jobeda and her daughters [é] must go 500 meters away to collect water from the 
nearest pump. As they are adult women, local customs do not allow her or her daughters to venture 
out and collect water from the deep tubewell far away in the fields. [é] and as a landless non-
agricultural household they are least favoured in receiving deep tubewell water. [é] Their hand 
tubewell does not yield water during the dry season due to the operation of mechanized deep 
tubewells [for irrigation].  

ñDespite seemingly abundant water, increasing use of deep water table extracting technologies for 
irrigation takes water away from shallow hand pumps used for domestic water supply.[é] Because 
groundwater rights are not clearly defined, no one is sure how to deal with the growing problem.ò 

Source: Sadeque (2000), pp. 269-270 

Ground water is also often of special relevance because of its better quality, if preserved from source 13 
pollution. It has also long been more stable than rainfall or runoff water in terms of availability, if 14 
withdrawals remain sustainable. 15 

1.3 Growing and competing demands   16 

Demand for water from runoff and groundwater is increasing. There are in fact several demands for 17 
several degrees of water qualities, according to the different uses of water. And this varies 18 
geographically. A demand for water associated for a certain use can translate into a resource for 19 
another use. There are increasing issues of water qualities, and tensions on demand for quality water, 20 
because of the growth of demand and the rarefaction of the corresponding resource.   21 

 Growing global water demand  1.3.122 

Economic growth, with its associated growth in most economic sectors, and significant changes in 23 
lifestyle of populations, are placing increasing demands on limited water resources. While there have 24 
been various scenarios and projections in terms of water requirements by different sectors over 25 
various timescales, there is uncertainty with regards to the real demand projections, due to poor 26 
baseline data in many countries on current national and sub-national sectoral withdrawals, rapid 27 
changes in use patterns informed by different drivers; and high uncertainty regarding technological 28 
change (WWAP 2012). As a result, estimates of current and future water demands vary widely. 29 
Figure 1 below shows projections of water demand in the key sectors and in different regions of the 30 
world (IFPRI 2014).  Currently, agriculture is the primary water using sector, accounting for 60% of 31 
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total withdrawals (more in developing countries) and around 80% of consumptive use, although this 1 
will change over time as indicated in Figure 1.

5
    2 

Figure 5  Global water demand: 2005 and 2050  3 

 4 

Source: IFPRI 2014 5 

As a result of growing water demands and only slowly growing supplies, Ringler et al. (2015, 6 
forthcoming) found that in 2010, 36% of the worldôs population, 39% of global grain production, and 7 
22% of global GDP were at risk due to water stress.

6
  If current policy and investments continue, more 8 

than 52% of the global population, 49% of total cereal production, and 45% of GDP will be at risk due 9 
to water stress by 2050 as a result of an increasing number of areas where water withdrawal levels 10 
are above 40% of renewable resources. This has the potential to put agricultural and economic growth 11 
at risk, that is, unsustainable and vulnerable to environmental changes and growing competition 12 
(Falkenmark and Lindh 1974; Raskin et al. 1997; Oki and Kanae 2006). 13 

 Agricultural water demand driven by changing consumption 1.3.214 

patterns towards more livestock products 15 

The growing water demand of the agricultural sector is directly linked to increased production, which 16 
itself is driven by population growth and changing consumption patterns towards more livestock 17 
products.  18 

Dietary change is directly associated with increasing incomes, affluence and mobility, combined with 19 
demographic transformations such as urbanization (Regmi, 2001). The upward trend in meat 20 
consumption offers a good example: it is expected to increase by 2.4 kg per capita by 2023ða total of 21 
36.3 kg per person globally (OECD n.d.). By 2050, per capita consumption of meat is expected to 22 
reach 52 kg per annum, according to the FAO (Weis, 2013).  23 

The increasing consumption of meat indicated above, has implications for sufficient water for food 24 
production. According to a global assessment of the water footprint of farm animal products one third 25 
of humanityôs water use is associated with animal sourced food today (Mekonnen and Hoekstra 2012), 26 

                                                      
5  Not all water goes to food crop production, but also into production of biofuels, fibre and tobacco. The impact of the 

growth of biofuels on water and FSN is addressed in 1,2.7.   
6  Indicators of relative water abundance or scarcity include various levels of per capita water availability and the share 

of internal renewable water resources withdrawn. The latter ratio suggests that withdrawals in excess of 40% put 
agricultural and economic growth at risk, that is, unsustainable and vulnerable to environmental changes and growing 
competition (Falkenmark and Lindh 1974; Raskin et al. 1997; Oki and Kanae 2006). 
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It is widely accepted that animal food products require much larger quantities of water per unit of 1 
nutritional energy compared to foods of plant origin (Gerbens-Leenes et al, 2013) and that the major 2 
component of water use in animal production is feed

7
. Increasing demand for feed grains also results 3 

in agricultural expansion into rainforests and other mountainous landscapes, contributing to land-use 4 
changes, further altering already disturbed water flows.  5 

Conversely, in many areas, livestock, if managed sustainably, is a mean to preserve grasslands and 6 
wetlands ecosystems. 7 

 Safe drinking water and sanitation and hygiene practices 1.3.38 

As shown above, the provision of safe drinking water and adequate sanitation are critical to reduce 9 
water borne disease and negative health impacts arising from poor sanitation, both of which impact 10 
negatively on the nutritional security of affected populations as described above. In March 2012, it was 11 
announced that the world had met the water Millennium Development Goals (MDG) in 2010 of halving 12 
the proportion of people without sustainable access to safe drinking water, well in advance of the MDG 13 
2015 deadline. Between 1990 and 2010, over two billion people gained access to improved drinking 14 
water sources, such as piped supplies and protected wells, a reduction of 25% in absolute numbers 15 
(WHO 2012). However, 768 million people still use unimproved sources of drinking water. Drinking 16 
water coverage is only 56% in Oceania and 63% in sub-Saharan Africa; other regions have coverage 17 
rates of 86% or higher (WHO/UNICEF Joint Monitoring Programme, 2012). Figure 4 shows the 18 
delivery of safe drinking water in nine regions across the world. Largely, rural dwellers and the poorest 19 
of the poor have been by-passed in the achievement of the water MDG. Also achieving gender 20 
equality, social equity and sustainability have tended to be overlooked and are only now getting 21 
attention around the post-2015 MDG discussions.  22 

Figures  and 5 below show that substantial progress has been made in the delivery of safe drinking 23 
water and adequate sanitation in the period from 1990 ï 2012. However, it is important to interrogate 24 
these numbers to understand what they really indicate and what not. While the figures indicate the 25 
number of people that have been provided with access to an improved water source, lack of effective 26 
monitoring in many developing countries means that these figures do not indicate whether the 27 
improved source is (still) functioning, whether the quality of the water provided meets WHO standards, 28 
or whether the structures are actually used. As an example, the figures provided by the South African 29 
government on the delivery of safe drinking water and sanitation are based on a national collation of 30 
figures provided by municipalities in terms of infrastructure provided, and do not reflect the ongoing 31 
functionality of the infrastructure or the reliability of the service provided (see Box 5). One of the 32 
challenges of high urbanization rates in developing countries is that the delivery of services does not 33 
necessarily keep pace with the influx of people, resulting in large informal settlements where people 34 
do not have access to safe drinking water or adequate sanitation, with the associated impacts on their 35 
food security and nutritional status. 36 

Box 5 Challenges in water service and sanitation delivery in South Africa 

ñA key issue with access to water is the poor quality of infrastructure. In some cases, the infrastructure 
that is provided was broken or dysfunctional. In other cases, those businesses contracted to provide 
infrastructure, did not deliver on their contracts or delivered in a manner which did not uphold human 
rights. Participants at the hearings complained of an apparent lack of monitoring and evaluation by 
government, particularly of external contractors. They also highlighted cases of corruption and 
maladministration. In all nine provincial hearings, people complained of the poor condition of waste 
and water treatment plants. Many municipalities testified that water treatment plants were collapsing, 
mainly due to the heavy loads of treatment required.ò  

Source: South African Human Rights Commission (2014) 

 37 

                                                      
7
 Gerben-Leens et al. note that the water footprint (WF) (expressed as litres per kilo calorie) of pork is two times 

larger than that of pulses and four times that of grains. Yang and Cui (2014) suggest that to produce 1 kg of 
beef requires 15.4 m3, as opposed to 1 kg of cereals, which only needs 1.6 m3 (Yang and Cui 2014). The 
authors further suggest that increased water use per capita due to continued dietary changes might well 
overtake population growth as the main driver of growth in water use. 
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Figure 6  Trends in drinking water coverage 1 

 2 

Source: WHO/UNICEF Joint Monitoring Programme (2014) 3 

According to UNICEF, ñby the end of 2011, there were 2.5 billion people who still did not use an 4 
improved sanitation facility. The number of people practicing open defecation decreased to just a little 5 
over 1 billion, but this still represents 15% of the global populationò (UNICEF 2013b).  India alone has 6 
almost 600,000 open defecators. There are also major disparities in sanitation provision between 7 
regions, as can be seen in Figure 6 below, and between rural, urban and peri urban areas. Lack of 8 
access to sanitation is a particular challenge for women who in many societies have to defecate at 9 
night. There are few studies assessing the impacts of lack of adequate sanitation facilities on women. 10 
One study focusing on the slums of Kampala, Uganda, found ña firm link between a lack of access to 11 
adequate sanitation and womenôs experiences of humiliation and violenceò (Massey 2011: 3).  12 

Figure 7  Sanitation coverage trends 13 

 14 

Source: WHO/UNICEF Joint Monitoring Programme (2014) 15 
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The WHO/UNICEF Joint Monitoring Programme (2014) report recognises that despite the fact that 1 
progress towards the MDG targets of water and sanitation represents important gains in access for 2 
billions of people around the world there are still significant inequalities with marginal and vulnerable 3 
groups experiencing much lower levels of delivery than other groups. It should also be noted that the 4 
provision of water under the MDGs is only aimed at water for domestic purposes, and does not in any 5 
way address the issue of water for productive purposes, including the growing of food. So the water 6 
and sanitation MDGs are relevant primarily in relation to water for food preparation and improved 7 
hygiene practices, and in relation to the reduction of diseases from poor quality water that impacts on 8 
the ability to effectively absorb nutrition. 9 

 Water and energy linkages 1.3.410 

Within the energy sector, there are critical issues that impact on water use, and vice versa, which 11 
ultimately impact on food security and nutrition in terms of the amount of water available to the food 12 
and agriculture sector, and in terms of water quality. 13 

Many energy generation systems require water as part of the generation process, including thermal 14 
energy generation (including solar thermal generation), hydropower and nuclear plants. The 15 
expansion of biofuels (HLPE 2013) and hydrofracking is of concern to many in the food sector, since it 16 
is seen as competing with land and water resources.   One of the major challenges for water for 17 
energy is that is must be provided at a high assurance of supply, meaning that in times of low rainfall 18 
water for irrigation is usually reduced before the water for energy production is reduced.  19 

Energy is also required in the water cycle to abstract, distribute and treat water and waste water, 20 
including for most forms of irrigation, and for heating water for food production processes, domestic 21 
hygiene and food preparation.  22 

There is growing pressure around the world to increase the use of renewable energy generation 23 
processes to reduce carbon emissions from power generation. This includes biofuels (HLPE 2013), 24 
wind and solar generation, geothermal sources and hydropower.  While some kinds of renewable 25 
energy, such as wind and solar photovoltaic (PV) power, do not consume much water, other 26 
renewable energy processes such as concentrated solar power and biofuels consume significant 27 
quantities of water.  28 

Biofuels can add pressure to ówater supply and water quality problemsô (HLPE 2013) especially if 29 
irrigated (Lundqvist, de Fraiture and Molden 2008). Although regional variation is large, de Fraiture et 30 
al (2008) estimate that on average it takes around 2 500 litres of crop evapotranspiration and 820 31 
litres of water withdrawals to provide one litre of biofuel.  It is at the country or local level that the trade-32 
offs between water for food and water for biofuels are felt. For example, in India water for biofuels can 33 
compete directly with water for food such as cereals and vegetables (ibid). Also as concluded by the 34 
HLPE, biofuel production usually does not benefit small-holder farmers in water scarce contexts 35 
(HLPE, 2011). 36 

Moreover the increasing use of the drilling practice of hydraulic fracturing, or "fracking,"
8
 as it is more 37 

commonly known, raises concerns on its impact on water resources. . Most studies of the impacts of 38 
fracking on water have focused on water quality, but some studies have also looked that impacts on 39 
water quantity and competition for use with other sectors, including the agricultural sector. There has 40 
been little quantification of the actual water use because requirements are dependent on the nature of 41 
the shale, well depth, the number of fracking stages and the length of the lateral pipes underground 42 
(Nicot & Scanlon 2012). Frac sand miningð an off shoot of hydrofracking industryðis a related sector 43 
whose impact of food systems is yet to be assessed as well. 44 

On the other hand, the energy requirements of the water sector are increasing. Higher pollution levels 45 
require more energy for treating water, and the increasing need to transport water over long distances 46 
also uses significant energy. Groundwater irrigation has increased dramatically as a source of total 47 
irrigation water use with the result that energy use for groundwater pumping is now often the largest 48 
source of direct energy use in semi-arid and arid developing countries, such as Pakistan. Thus water 49 
use practices are contributing to the growth in energy demand. 50 

                                                      
8
 óis the process of injecting a mixture of water, sand and chemicals into wells at high pressure to crack dense 
rock formations and release oil or gasô 
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Hydropower also has implications for water and food security and nutrition, because of the large 1 
quantities of water stored in dams, the water lost through evaporation from reservoirs, and changes in 2 
river flows and dam releases to meet the needs of hydropower rather than downstream farmers or for 3 
ecosystem needs. Hydropower is currently being proposed as a climate-friendly option (Allouche et al 4 
2014) and also as a solution to deal with the lack of storage and economic scarcity in sub-Saharan 5 
Africa (see Chapter 2).  However, hydropower can create conflicts around water for energy and water 6 
for agriculture (for dams in Central Asia, see UN Water 2014).  7 

Food processing industries require reliable supplies of  water and energy. Closed loop systems for 8 
both energy and water are feasible for some processing industries, but require higher initial capital 9 
investments. Several companies have started to develop plans to become carbon and water-neutral.  10 

While there are important tradeoffs across water, energy and food, there are also large opportunities 11 
for synergies. For example, small run-of-the-river hydropower stations have been built on large 12 
irrigation canals in southern Vietnam to harness the energy created by canal flows (Nguyen Vu Huy, 13 
personal communication), and Ethekwinin municipality in South Africa is looking at hydropower 14 
generation on distribution pipelines on steep hillsides in its area of jurisdiction. Second, the energy 15 
embedded in point source waste water can be harnessed and reused as fertilizer on agricultural fields, 16 
or used as a direct heating agent. There are many opportunities for jointly improved water, energy and 17 
food security. Much of this has yet to be implemented and there are significant challenges in managing 18 
competing trade-offs (see Box 8).  19 

 Increased interest for water resources by big corporate actors: 1.3.520 

ñwater grabbingò?  21 

Over the last decade, there has been increasing corporate interest in water resources, arising largely 22 
from the perceived business risks as a result of increasing competition for water, and decreasing water 23 
quality. Since 2011, global corporations have spent more than $84 Billion on how they manage, 24 
conserve or obtain water (Clark, 2014). The reasons range from having to deal with physical water 25 
shortages, the need to ensure sufficient supplies of water for industrial and production processes and 26 
concern about water scarcity.  27 

Some argue that the growing corporate involvement in water management is to be welcomed because 28 
it will lead to new technological innovation (Clark, 2014), and improved water management in areas of 29 
weak governance. Others argue that it poses risks and implications for current and future water and 30 
food security (Sojamo and Larson, 2012), through, for example, the potential re-allocation of water to 31 
the óhighest economic valueô having detrimental impacts on local lives, livelihoods and water and food 32 
security (Franco et al, 2013).   33 

In recent years, attention has focused on the rapid growth of large-scale land deals around the world 34 
(von Braun and Meinzen-Dick, 2009; Cotula et al., 2009; Borras and Franco, 2010; World Bank, 2010;  35 
Deininger, 2011; De Schutter, 2011). The rush to acquire land as sources of alternative energy, crops, 36 
and environmental services has led to the phenomenon popularly known as ñland grabbingò (HLPE 37 
2011). Some studies have underlined that water is often the driving factor behind many of these deals 38 
(HLPE 2013). Such deals often exert a great impact on water uses and water rights (HLPE 2011, 39 
2013). 40 

A special issue of Water Alternatives discusses several water implications of land deals on local food 41 
production and agriculture (Mehta, Veldwisch and Franco 2012).

9
 The papers show how land 42 

acquisitions have led to a significant re-appropriation of water resources and to water tenure relations 43 
with implications for basic human rights and local water and food security.  In Ghana, Williams et al. 44 
(2012 ) observe how ñcompanies initially leased large-scale lands to grow a crop, Jatropha, which is 45 
less water demanding but have ended up diversifying into other crops that require full or supplemental 46 
irrigation to give optimal yieldsò  (Williams et al, 2012: 256). The issue of land and water grabbing 47 
therefore may have significant impacts at the local or national level in terms of access to water for 48 
household or national food security.  49 

  50 

                                                      
9
 See: www.water-alternatives.org/index.php/tp1-2/1881-vol5/213-issue5-2  
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Houdret (2012) describes how, in Morocco, deep drilling by agricultural investors may intensify water 1 
conflicts and increase the marginalisation of small farmers as shallower wells used by local 2 
communities may dry up. Bues and Theesfeld (2012) describes how water rights have changed both 3 
directly and indirectly on foreign horticulture farms in Ethiopia. Direct changes include new 4 
associations reshaping formal agreements and indirect changes to water access and withdrawal rights 5 
which are directly tied to land rights. The re-appropriation of resources described are only possible due 6 
to sharp power inequalities between resource poor smallholders and large investors and companies 7 
(see Chapter 3). In India, planned canals were abandoned and the irrigation potential drastically 8 
reduced because of the amount of water diverted to petro-chemical industries and thermal plants 9 
owned by major corporate houses (Wagle et al., 2012). 10 

A particular challenge is posed by the imbalance of power between large transnational corporations 11 
and under-resourced government departments in developing countries, with the possible outcome that 12 
water is, de facto regulated and managed by the private sector and not by the state. The competition 13 
between large, powerful private sector water users and smaller water users has been studied in 14 
several areas. At the same time, in a strong regulatory environment, the water related concerns of the 15 
private sector can be harnessed to support improved water management within an equitable and 16 
sustainable paradigm. In addition, within the right regulatory environment, there is considerable 17 
potential in harnessing the capital and capacity present in the private sector for developing and 18 
operating infrastructure, and to improve water use productivity (for a further discussion of the private 19 
sector and corporations, see Chapter 3). More work is needed on understanding how best developing 20 
country governments can capitalize on these opportunities effectively. 21 

1.4 The dynamics of water scarcities   22 

A key element of the issue of water and FSN is the concept of increasing water scarcity (FAO, 2012a; 23 
Falkenmark and Lannerstad, 2005).  24 

Water scarcity is a complex phenomenon and can be analysed differently from social, political, 25 
meteorological, hydrological and agricultural perspectives, although there has been the tendency to 26 
direct attention to the lack of supply of water due to natural and economic forces rather than look at 27 
human-induced land and water use practices and at socio-political considerations (Mehta, 2005; 28 
UNDP, 2006).  29 

Scarcity of water is typically examined through two lenses ï the first looks at the amount of water 30 
available per capita in a particular area, taking into account the average volume of water available in 31 
rivers, lakes, dams, and groundwater aquifers per person. This is considered to define physical 32 
scarcity of water. For example, Figure 3 below shows per capita freshwater availability across the 33 
world in 2007 drawing on a definition by the Swedish hydrologist Malin Falkenmark (Falkenmark and 34 
Widstrand, 1992). Countries are classified according to a ówater stress indexô on the basis of their 35 
annual water resources and population. This widely adopted definition proposes a threshold of 1700 36 
m

3
 per person per annum, below which countries are said to be water stressed, and water scarcity is 37 

less than 1000 m
3
 per person per annum.  38 

The second lens is economic water scarcity (CA 2007). Indeed, physical availability of water does not 39 
necessarily mean that water is available for use or accessed. In some areas, while there may be a 40 
sufficient volume of water available per person, lack of infrastructure means that the water is not 41 
available where is it needed, or of an appropriate quality for use. For example, according to UNEP 42 
(2011), an estimated 51 million people in the Democratic Republic of the Congo (DRC), around three 43 
quarters of the population, had no access to safe drinking water in 2011, even though the country is 44 
considered water rich and has more than half of Africaôs water reserves. 45 

There are a number of countries, such as the DRC, where the challenge lies in economic water 46 
scarcity, rather than physical water scarcity and where with appropriate infrastructure and 47 
management, there is sufficient water to provide for the needs of the population and for equitable and 48 
sustainable economic development, including improved agricultural yields. In these countries, access 49 
to water is determined by lack of investment rather than lack of water.  50 

 51 

 52 

 53 
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Figure 8  Freshwater availability (m
3
 per person per year, 2007) 1 

 2 

Source: UNEP/GRID-Arendal (2008) 3 
 4 

But both these lenses generally take an aggregate view of populations lacking access to water, rather 5 
than breaking down groups due to gender, caste, race, occupation and other socio-economic 6 
categories. Thus, it is important to also focus on the socio-political dimensions of scarcity and how 7 
access to water is often determined by social difference as well as by political will, levels of national 8 
economic development, and national growth patterns.  Thus peopleôs lack of access to water may 9 
have little to do with physical scarcity per se but may instead be due to exclusions arising from social 10 
positioning, gender or because of the way water is managed, priced, and regulated (Mehta 2014 and 11 
UNDP 2006). Furthermore, scarcity can also be induced through policies and planning. For example, 12 
subsidised electricity has led to increased pumping for irrigation in India and inefficient 13 
use/overexploitation of water resources (Narula and Lall, 2009); subsidized electricity has also led to 14 
overuse of groundwater in Mexico (Scott, 2011). In western India, there is over-extraction of 15 
groundwater and the growing of water hungry sugarcane in drought prone areas on the part of large 16 
irrigators while dryland farmers struggle during droughts to meet their basic food requirements (Mehta, 17 
2005). Finally, decisions outside the water domain such as those concerning energy, trade, and 18 
agricultural subsidies, often impact on water supply and demand, and hence on water scarcity (FAO, 19 
2012a). 20 

Water quality in surface and groundwater sources is deteriorating globally as a result the discharge of 21 
poorly or un-treated sewage, and effluent from mining, industry and agriculture into water bodies 22 
(including permeation through the soil into groundwater), and increased abstraction of water leading to 23 
lower dilution capacity.  24 

There are a large number of human activities that impact negatively on the biological, chemical, and 25 
physical characteristics of water. The results include contamination of water by pathogenic organisms, 26 
unacceptably high levels of trace metals and toxic chemicals; eutrophication from high nutrient levels 27 
in the water, and changes to the acidity, temperature, and salinity of water. In addition, many water 28 
bodies around the world have been impacted by the presence of alien invasive species, both fauna 29 
and flora (Palaniappan et al., 2010).  30 

Sufficient water of an adequate quality is necessary for the survival of all living creatures, as well as 31 
being central to the effective functioning of socio-economic systems. Poor water quality impacts on 32 
human health, on ecosystem functioning, and on food security and nutrition. 33 
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Box 6 Clearing the waters 

óNutrient enrichment has become one of the planetôs most widespread water quality problems (UN 
WWAP 2009), and worldwide, pesticide application is estimated to be over 2 million metric tonnes per 
year (PAN 2009). Industrial activity releases about 300-400 million tons of heavy metals, solvents, 
toxic sludge, and other waste into the worldôs waters each year (UN WWAP Water and Industry). 
About 700 new chemicals are introduced into commerce each year in the United States alone 
(Stephenson 2009). Mining and drilling create large quantities of waste materials and by-products and 
large-scale waste disposal challenges. Widespread lack of adequate disposal of human waste leads 
to contamination of water ï worldwide, 2.5 billion people live without improved sanitation (UNICEF and 
WHO 2008), and over 80 percent of the sewage in developing countries is discharged untreated in 
receiving water bodies (UN WWAP 2009). Meanwhile, growing populations will potentially magnify 
these impacts, while climate change will create new water quality challenges.  

Unsafe or inadequate water, sanitation, and hygiene cause approximately 3.1 percent of all deaths ï 
over 1.7 million deaths annually ï and 3.7 percent of DALYs (disability adjusted life years) worldwide 
(WHO 2002). Livelihoods such as agriculture, fishing, and animal husbandry all rely on water quality 
as well as quantity. Degraded water quality costs countries in the Middle East and North Africa 
between 0.5 and 2.5 percent of GDP per year (WB 2007), and economic losses due to the lack of 
water and sanitation in Africa alone are estimated at US$ 28.4 billion or about 5 percent of GDP (UN 
WWAP 2009). Women, children, and the economically disadvantaged are the most affected by water 
quality impacts. Over 90 percent of those who die as a result of water-related diseases are children 
under the age of 5. Women are forced to travel long distances to reach safe water. And the poor are 
often forced to live near degraded waterways, and are unable to afford clean water.ô  Palaniappan, et 
al. (2010:7)  

1.5 Knowledge and metrics for understanding water for FSN 1 

This section reviews the value and weaknesses of some of the key metrics relevant for water for FSN, 2 
especially in terms of capturing and advancing the interests of poor and vulnerable groups who lack 3 
food security. Many global indices and debates in the water domain are highly generalized and often 4 
too aggregate to take on board local nuances and differences. These have implications for how 5 
problems and solutions around water for FSN are framed and how these affect decision making 6 
processes . Thus, the framings ï or understandings and representations ï that dominate policy 7 
debates at the international and national levels may be frequently at odds with the perceptions, 8 
knowledge and experiences of local water and food users (Mehta and Movik, 2014).  These highlight 9 
the importance of paying attention to the politics of knowledge and data in the water domain and how 10 
current and future ócrisesô around land and water are portrayed.  11 

Using low quality data can often impede rather than help in activities such as monitoring, evaluating 12 
and cleaning data. There is often a lack of transparency in sharing data, between countries especially 13 
around issues concerning transboundary water resources, poverty levels etc. This can impede co-14 
operation. Water management often focuses on hydrologic units such as a basin or watershed

10
 and 15 

serve well to report on water data. But hydrologic units are often different from administrative units or 16 
country boundaries and often thinking in hydrological, as opposed to administrative units, can be quite 17 
challenging for policy makers and water officials (see Moss  2003 for Europe). Many water 18 
management tools and models approaches ask for a sophisticated knowledge base and assessments 19 
of existing water withdrawals/ use by different sectors (e.g. agriculture, industry etc. ). This can be 20 
quite challenging in data-poor environments, especially in sub-Saharan Africa and a lot of financial 21 
and donor resources are used to improve the data base, instead of actually enhancing access to water 22 
or improving water infrastructure.   Other key water data challenges include lack of accounting for 23 
small-scale irrigation (see also Chapter 3), and thus underestimation of actually irrigated area; poor 24 
understanding of groundwater use; and poor data quality on sectoral water withdrawals.  25 

Assessments of global hotspots of water scarcity, floods and droughts are often very aggregate and 26 
focus on the volumetric aspects of water. There are currently few, reliable statistics at more 27 
disaggregated scales. Much of the available data are either modelled or estimated for hydrological 28 
units or national levels, and then disaggregated using algorithms or statistical tools.  They also tend 29 
not to disaggregate users and their entitlements or look at the politics of distribution (Mehta and Movik 30 
2014). Until recently, MDG progress ignored peri urban and slum areas which are some of the fastest 31 
growing areas in the world (WHO/UNICEF Joint Monitoring Programme 2012). Most official indicators 32 
also do not question the time taken by women and girls to collect water. There has also been little 33 
                                                      
10  This refers to the area of land where surface water from rain and melting snow or ice converges to a single point at a 

lower elevation, usually the exit of the basin, where the waters join another water body or flow into the ocean.  
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comparable international data on gender indicators and most of the agencies lack proper sex-1 
disaggregated data, making it impossible to monitor progress or devise gender sensitive policies.

11
 2 

Water accounting is a sub-component of environmental accounting, which aims at incorporating 3 
environmental information into typically economic accounting and can be done either at the corporate 4 
level or for national economies. It is a way to help societies understand how they use their water 5 
resources and also help towards creating new policies that aim to create sustainable use of water 6 
resources (FAO 2012a). But accounting can be complicated in many ways. It is also difficult to capture 7 
the dynamic nature of water uncertainties and variabilities in water accounting.  8 

Two key concepts in water accounting include virtual water and water footprinting. These are 9 
discussed in Chapter 2.  10 

Finally, the challenge in painting the global, regional  or national picture, as we have done in this 11 
chapter, can sometimes lack granularity. Figures on country level water availability, for example, mask 12 
regional differences within countries, as well as the differential access to water for poorer groups 13 
within countries as well as gendered differences. Similarly, inter-annual averages can smooth ut the 14 
extremes of climate variability. Areas with high climate variability may experience several consecutive 15 
years of below average rainfall, with significant impacts on food production ï particularly, but not only, 16 
in areas dependent on rainfed agriculture. These issues need to be borne in mind whilst trying to 17 
understand the extremely different water contexts across the world and what they mean for FSN. This 18 
discussion thus points to the need to highlight the importance of local perspectives and contexts, as 19 
well as diverse ways in which local women and men can develop resilient systems to deal with 20 
increasing uncertainties. This, alongside governance challenges, will be considered in the next 21 
chapters.  22 

  23 

                                                      
11  There have recently been some improvements, however. The WHO/UNICEF Joint Monitoring Programme  post-2015 

consultation has emphasized issues of Equity, Equality and Non-Discrimination (END) which can overcome some of 
the issues outlined above. For instance, it has been proposed that intra-household inequality should be addressed 
through disaggregating data by age, gender, health, disability and so on. How these issues will be taken up in the 
post-2015 agenda remains to be seen but these do constitute progress in the desired direction. See WHO/UNICEF 
Joint Monitoring Programme 2012 and Mehta 2013 
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2 IMPROVED WATER MANAGEMENT FOR IMPROVED FSN 1 

While the management of water for food security and nutrition has been improving over the last 2 
decades, as discussed in Chapter 1, with continued rapid population growth in Africa and many other 3 
developing regions as well as the emerging wealthier middle class in almost all developing regions, 4 
and the high consumption patterns of the developed nations, food feed, fiber and fuel demands and 5 
their associated water needs and impacts across the entire value chain continue to grow. At the same 6 
time, the demands of other water use sectors such as energy, municipal and industrial demand are 7 
also growing.  Across the world enough food is produced to theoretically feed the global population , 8 
but poorer people, who still may spend half or more of their expenditures on food, cannot always 9 
afford food of sufficient quantity and quality, nor is the food distributed effectively to where it is needed. 10 
Thus, achieving food security for all requires both better use of existing resources, such as water, to 11 
produce more food at lower prices, better income opportunities for the poorest, and improved 12 
institutions to make food accessible to those facing chronic shortages. These issues have also been 13 
dealt with in the 2012 HLPE Report on Social Protection (HLPE, 2012b).  14 

Even though issues of food security are mainly concentrated in water scarce and underdeveloped 15 
countries, access to food, and specifically nutrition security is primarily affected by socio-economic 16 
factors, such as class, gender and race, even in developed countries (Lappé et al, 2013; Bassett and 17 
Winter-Nelson, 2010). Similarly the inability to produce or to buy enough food is as linked to the risks 18 
of water shortages and drought as to other institutional and socio-economic factors (CA, 2007). 19 

 Physical water scarcity, especially in dry environments where a fifth of the world population lives, 20 
poses one of the greatest challenge to agricultural development and food security. As a result net food 21 
imports into these regions have been increasing for decades and are expected to continue to grow. If 22 
one adds those regions with economic water scarcity, such in sub-Saharan Africa, then a real 23 
challenge to coping with agricultural water demands exists.  24 

 Current efforts are largely focused on upgrading conventional approaches to water management, to 25 
produce more with less water. This includes seeking to increase crop yields (land and water 26 
productivity) through investing in modern irrigation systems. However, these approaches have major 27 
limitations. Higher crop yields generally require more water which may not be available, and 28 
modernizing irrigation systems helps but may not add substantial and real water savings: while they 29 
increase field and farm irrigation efficiency, the overall water savings at the basin or landscape levels 30 
may not be proportional. In addition, little progress has been made in water demand management in 31 
the agricultural sector through pricing, due mainly to internal politics and cultural factors (Oweis, 2014). 32 
However, some areas, including the Middle East and the North African region have developed 33 
innovative water reuse technologies that have seen significant improvements in water productivity.  34 

A major challenge, however, is that future improvements in water management will need to respond to 35 
increasing risk and uncertainties associated with climate variability and change which, in addition to 36 
changing rainfall patterns impact biotic stresses, such as pest and disease. Other important 37 
uncertainties are associated with local and global economies. For instance, the grain price hikes of 38 
2007/08 and associated shortages in the international markets led to a flurry of short term initiatives 39 
and government policies to help improve food security in many countries. These may not have been 40 
necessary if there had been a predictable global policy environment in place to support the 41 
progressive realization of the right to food.  42 

Unfortunately, technological advancements are unpredictable and institutional/policy environments, 43 
especially at the country level (such as subsidies, land tenure and others) may, if inappropriately 44 
designed, present major risks that impact farmersô ability or desire to invest in and gain from improved 45 
water productivity.  46 

There are a number of responses to increased risk and uncertainty, which include increased control 47 
over uncertain variables, such as precipitation, for example, through the development of storage; 48 
farmer insurance, diversification of crops; and international trade. A notable negative and technically 49 
inefficient response to the grain shortages and prices hike of 2007 was a strong movement towards 50 
achieving self-sufficiency in food production in many water scarce countries such as the Arabian Gulf.  51 

  52 
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This chapter will attempt to shed light on how the drive to meet world food demands and nutrition 1 
security through agricultural production is impacted by water-related uncertainties and will suggest 2 
some alternative approaches to reducing risk and improving food security. The discussion will focus on 3 
the two main agricultural systems that provide the worldôs food namely: rainfed and irrigated systems.  4 
It will also describe water management challenges and potential for reform in the processing and 5 
preparation stages.  6 

2.1 Water for agricultural systems 7 

In rainfed ecosystems water is used directly to support crop production. Irrigated systems make use of 8 
ground or surface water sources, to supplement rainfall sources.  9 

Agricultural systems range from fully rainfed to fully irrigated with several combinations in between, 10 
such as supplementary irrigation. Globally irrigation accounts for about 60 percent of water 11 
withdrawals and about 80 percent of consumptive water use. These figures vary heavily from country 12 
to country (WB, 2014), and depends on many factors. 13 

In rainfed systems, the main issue is, and especially in dry areas (and will be even more because of 14 
climate change), is to manage the risk (or rain variability).  15 

In irrigated systems, the main issue is to sustainably manage the resource, which includes the 16 
question of the appropriate system and of the related investments, the issue of efficiency of water use, 17 
and of the availability of the resource.  18 

 Rainfed agricultural systems 2.1.119 

The importance of rainfed agriculture for food security comes from the fact that it is the source of most 20 
of the food for poor communities in the developing world and that most of these countries depend 21 
primarily on it for their food grains. Almost all land in sub-Saharan Africa (93%), three quarters of 22 
cropland in Latin America, two thirds of crop land in the Middle East and North Africa region, and more 23 
than half of cropland in Asia is rainfed (FAO, 2002). Women, who make up some 70% of the worldôs 24 
poor (WHO 2000), play a key role in rainfed agriculture. The yield from rainfed agriculture varies 25 
widely across regions, as can be seen from Table 1 below. 26 

On average rainfed agriculture productivity (t/ha) is globally less than half of that of irrigated agriculture 27 
(Rockström et al., 2010), although the productivity varies enormously across the world. The highest 28 
yields from rainfed agriculture are found in the predominantly temperate regions, with relatively reliable 29 
rainfall and inherently productive soils, particularly in Europe and North America. However, even in tropical 30 
regions, agricultural yields in commercial rainfed agriculture exceed 5ï6 metric tons per hectare (CA, 31 
2007). The dry sub-humid and semiarid regions experience the lowest yields and weakest yield 32 
improvements per unit of land.  33 

Figure 9  Rainfed maize yields per region 2005 (t/ha) 34 

 35 

Source: IFPRI IMPACT unpublished, based on FAOSTAT online data. 36 
 37 
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Key constraints to improving rainfed systems productivity differ greatly from one region to another. In 1 
the arid regions, the absolute amount of water available constitutes the major limiting factor. In the 2 
semiarid and dry sub-humid tropical regions seasonal rainfall is generally adequate, and managing 3 
extreme rainfall variability over time and space is the largest challenge. In the wetter part of the semi-4 
arid zone and into the dry sub-humid zone, rainfall generally exceeds crop water needs and the key 5 
challenge is the extreme variability in rainfall, characterized by few rainfall events, high-intensity 6 
storms, and the high frequency of dry spells and droughts. Thus, the large observed differences 7 
between farmersô yields and attainable yields cannot be explained by differences in rainfall. Rather, 8 
they are a result of differences in water, soil, and crop management (Wani et al 2009). Soil-moisture 9 
retention and micro-climate management are crucial strategies that can help farmers under all of these 10 
varying conditions. In rainfed farming systems, agro-ecological approaches are particularly suitable for 11 
building healthy soils with higher water retention capacity, which is a must for improving crop 12 
productivity in all types of farming systems, including rainfed systems. (Kremen and Miles 2012; 13 
Hepperly et al 2007; Pimentel et al 2005).  14 

It is also well established that soil fertility is a limiting factor in many areas especially in dryland systems 15 
and sub-Saharan Africa. Poor soils are often also associated with poor capacity for water 16 
retention.  According to Wani and Röckstrom (2011: 45), nutrient mining is particularly serious in 17 
smallholder rainfed agriculture of Sub-Saharan Africa, where an estimated 85% of farmlands loses 18 
more than 30 kilograms of nutrients per hectare and year. 19 

The high risk of water-related yield loss makes farmers risk averse, influencing their other investment 20 
decisions, including labor, improved seed, and fertilizers. Combined with the fluctuations in yields, this 21 
makes it hard for resource-poor men and women in semiarid areas to respond effectively to 22 
opportunities made possible by emerging markets, trade, and globalization. Management options 23 
should therefore start by focusing on reducing rainfall-induced risks. This is where agro-ecological 24 
practices can be extremely relevant, as they help build climate resilient farms, and help farmers make 25 
investment decisions that are less risky, as they have control over more factors of production (Holt-26 
Giménez 2002; Fraser et al 2011). 27 

Livestock are an important part of multi-functional agriculture, providing milk, meat, eggs, cash 28 
income, farm power and manure that can enhance soil fertility, while being nurtured by hay and other 29 
crop residues. They also have important cultural values and are a means for poor people to 30 
accumulate wealth. They are an integral part of both rainfed and irrigated agriculture. However, the 31 
growing demand for meat and milk in the urban areas of the world is being met not through integrated 32 
animal-crop production systems, but increasingly through concentrated animal feeding operations that 33 
create substantial demand for animal feed production, the component of the livestock cycle that 34 
constitutes the vast majority of water use (Peden et al., 2007). This concentration has important 35 
localized impact on water quality (Pew Commission, 2014). Excessive nutrient loading leads to 36 
eutrophication of surface waters for instance, resulting in ñdead zonesò in both inland and marine 37 
waters due to algal blooms and resulting in massive fish kills and decline in biodiversity (Pew 38 
Commission, 2014). Better integrating plant and livestock production, at various levels, from farm to 39 
broader schemes  can be key to improve nutrient management and water efficiency. Livestock vary in 40 
their efficiency in converting feed to animal products which significantly affects the amount of water 41 
used. Generally though, the water productivity of livestock products is much lower than that of crops. 42 
Further research is needed to assess livestock water productivity and how to improve it.  43 

Rainfed agriculture is a risky business and any improvement requires dealing with rainfall variability 44 
and capacity for farmers to adopt improved approaches. If the adoption rates of improved technologies 45 
are low and rainfed yield improvements do not materialize, in a business as usual scenario, the 46 
expansion in rainfed cropped area required to meet rising food demand would be around 53% by 47 
2050There is, however, little suitable agricultural land left; and further expansion would encroach on 48 
remaining natural forest areas, with large adverse environmental impacts (Wani et al., 2009).  49 

 Irrigated agricultural systems 2.1.250 

Irrigation covers about 20% of all cultivated lands and contributes about 40% of agricultural production 51 
(Faurès et al, 2007).  52 

Irrigation has been essential in achieving the productivity gains and food price reductions seen all over 53 
the world over the last three decades. Irrigation is also associated with significant multiplier effects, 54 
such as for employment in the lean season, widening of livelihood opportunities through household 55 
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gardens, livestock rearing, fishing and handicrafts, and benefits for health and nutrition (Meinzen-Dick 1 
1997a; Lipton et al. 2003; Domenech and Ringler 2013; Rosegrant et al. 2009a). 2 

However, public investments in large-scale irrigation have declined substantially over the last two 3 
decades in much of the world; only Sub-Saharan Africa has seen strong increases in investment, 4 
albeit from a small base (Rosegrant et al. 2009b). As aptly put by CA (2007: 30) ñThe era of rapid 5 
expansion of large-scale public irrigated agriculture is over: for most regions a major new task is 6 
adapting yesterdayôs irrigation systems to tomorrowôs needs.ò This includes a re-focus on farmer-7 
financed and managed irrigation, chiefly supported by motor pumps, smarter surface systems; 8 
judicious investment in selected, large-scale systems linked with reservoirs that are often built for 9 
multiple purposes; and reforming water management institutions toward maintaining the ecological 10 
integrity of systems while improving productivity and profitability  (FAO, 2006; Rosegrant et al. 2009a; 11 
Wichelns 2014; Faurès et al. 2007).  12 

Many irrigated areas in the arid and semi-arid regions face problems of reduced soil productivity as a 13 
result of secondary soil salinization. Salts accumulate in the soil in irrigated agriculture as a 14 
consequence of continuous addition of salts with poor quality irrigation water or due to a rising water 15 
table bringing salts to the surface and it is essential to remove these through leaching to protect soils 16 
and water resources (Rhoades et al 1992). Tens of thousands of hectares of productive irrigated land 17 
are salinized every year to various degrees, affecting the livelihoods of the communities and 18 
household depending on this land. As an example, 50% of the fertile land in Iraq has been salinized 19 
over the last 2 decades due to mismanagement or lack of drainage facilities (Wu et al 2014), and in 20 
Central Asia, the lack of maintenance of irrigation systems is causing salinization of irrigated lands.  21 

Two strategies are available to deal with salinity: allowing the land to salinize and then cultivating salt 22 
tolerant crops and halophytes; or controlling salinization through leaching and maintaining highly 23 
productive land. It is estimated that 40-60% of irrigated areas require drainage to avoid soil salinization 24 
(Tanji and Kielen 2002). Unless this is not feasible for some reason, this is the recommended strategy 25 
in irrigated areas, which requires investment in drainage facilities and irrigation management with 26 
appropriate institutions and policies. 27 

The challenge for irrigated agriculture in this century is to improve equity, reduce environmental 28 
damage, strengthen ecosystem functions, and enhance water and land productivity in existing and 29 
new irrigated systems. This is possible through linking existing irrigation systems to national 30 
socio=economic conditions and especially by supporting farmers with improved small irrigation 31 
systems and input particularly in sub-Saharan Africa and Southeast Asia (Faurès et al, 2007). 32 

 33 

Box 7 The gendered nature of irrigation and water management  

Globally women own only 2% of land (Urban Institute 2011). Because access to irrigation depends on 
land ownership and women are much less likely to own land, they are largely precluded from irrigation 
access.  It is largely men and male engineers who dominate the irrigation sector and the 
implementation of water and sanitation projects (Zwarteveen 2008). Even where the involvement of 
women is a requirement of the implementing agency it is often tokenistic or women and girls are 
expected to devote their voluntary labour rather than have any clear influence on decision-making or 
develop particular skills.  

 For example, as a rule, men are trained to manage wells, pumps and sanitation facilities and women 
are required to maintain and clean them, drawing on the traditional imagery of women as the keepers 
of cleanliness and purity in their families and local communities. Womenôs participation in decision-
making is hampered by cultural barriers and traditional gender roles and they are often excluded from 
irrigation or water management committees. Nationally and internationally very few women are 
represented in relevant ministries and international agencies or bodies (Zwarteveen 2008).   

 34 

 35 
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Box 8 Changes in irrigation in Spain 

Recent shifts in Spainôs water management, particularly as it seeks to comply with the EU Water 
Framework Directives, have led to conflicting developments adversely affecting irrigation. The Shock Plan 
of Irrigation initiated in 2006 was intended to save water and align with European water policy regulations 
(Ministry of Agriculture, Fishing and Food and Ministry of the Environment, n.d.). Spainôs modernisation of 
irrigation systems, which refurbished and modernised about 1.3 mill ha of irrigation schemes, coupled with 
farmers' move from gravity irrigation to drip irrigation, has been shown to conserve water resources. But 
moving from canals to pressurized conveyance networks and drip irrigation requires substantially more 
energy (Hardy et al. 2012). From 1970-2007, on-farm irrigation water use decreased by 21% while the 
cost of energy consumption increased by 657% (Corominas 2010 cited in Stambouli et al., 2014). These 
changes have meant that now 40% of electricity used in Spain on water-related activities is used for 
irrigated agriculture (Hardy et al., 2012). At the same time, Spain moved toward a changing energy mix 
adding more renewable energy sources, subsidized by increases in energy tariffs (using the feed-in 
regulation) and increasing the electricity tariffs to all Spanish users as well. For farmers the result of these 
dual developments are ambiguous: while their capital and infrastructure improved significantly, with all the 
benefits this creates, the cost of electricity has grown significantly. This, and the financial costs of the 
investments, which were only partially funded by the government is the main drawback of this major policy 
reform. Less water consumption, greater water and land productivity, more water control and monitoring 
and better farmers' lives are, however, unquestionable benefits (Garrido, pers com). 

 1 

Groundwater for irrigation    2 

Thanks to access to new drilling technologies and cheaper pumps, a groundwater revolution has 3 
taken place since the late 1980s and early 1990s and millions of farmers and pastoralists in Asia have 4 
improved their livelihoods and food security as a result. Groundwater development has been 5 
particularly rapid in the Indo-Gangetic plains of South Asia and the North China plains, both areas with 6 
high concentrations of poor farmers. The Gulf Countries rely almost entirely on groundwater, although 7 
with increasing production of freshwater through desalination. There are estimates that groundwater 8 
accounts for 38% of the total irrigated area and 43% of total irrigation volumes (Siebert et al., 2010). 9 
While in parts of South Asia groundwater expansion was directly associated with higher water tables 10 
arising from leaky public surface irrigation systems (Indo-Gangetic Plains) in other places groundwater 11 
use developed due to the lack of available surface systems (e.g. in the Vietnamese Central Highlands 12 
for coffee production). In yet other places, easily accessible aquifers have resulted in over-exploitation 13 
of groundwater (for example the Ogallala in the US; or much of the groundwater pumping in 14 
Bangladesh).  15 

Table 1  Global survey of groundwater irrigation 16 

 17 

Source: GWP (2012), derived from Siebert et al. 2010 18 
 19 

Importantly, there is evidence from Asia to suggest that groundwater irrigation ópromotes greater 20 
interpersonal, inter-gender, inter-class, and spatial equity than does large surface irrigationô (CA 2007: 21 
32).  22 

The energy-groundwater nexus has created a curious political economy paradox: soaring energy 23 
prices may help save the aquifers in those places where energy for pumping is not (highly) subsidized 24 
and where groundwater-based livelihood systems are currently under threat from over-pumping of 25 
groundwater. Increased energy costs are likely to reduce the amount of pumping done, thus reducing 26 
over-abstraction from groundwater.  27 
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But in areas with good aquifers and recharge and a high prevalence of poverty, such as the Eastern 1 
Gangetic plains, the groundwater potential could be further exploited. Groundwater irrigation remains 2 
an important development strategy especially in countries where it is still underutilized such as in parts 3 
of Central Asia (Rakhmatullaev et al., 2010, Karimov et al., 2013) and much of Sub-Saharan Africa 4 
(MacDonald et al., 2012). Enhancing groundwater management will require interventions on both the 5 
supply and demand side. Supply-side). measures may include artificial recharge, aquifer recovery or 6 
the development of alternative surface water sources, while demand-side measures generally focus 7 
on water use rights and permits, collective management, water pricing, legal and regulatory control 8 
and water saving crops and technologies (CA, 2007) (see also Box 12).  9 

 10 

Box 9 Groundwater regulation 

Groundwater is much more challenging to govern than surface water resources because it is not 
visible, underground connections and flows are seldom well-understood and the interaction between 
surface and groundwater is also poorly understood. Moreover, individual well owners are often 
dispersed, might themselves have several wells, and often consider groundwater as private property. 
It is also generally not directly or easily known how extraction by one party affects others. 
Groundwater use is also relatively recent, compared to surface water irrigation, and the norms and 
regulations for its management have yet to mature. This can lead to a órace to the bottomô where those 
with the strongest and deepest wells persevere until the resources are exhausted (Bruns, 2014). 
Attempts at top-down formal regulation of groundwater use, based on well licensing and regulation of 
water withdrawals, have usually been ineffective (Shah 2009). There are some cases of successful, 
formalized groundwater management, such as in parts of southern California (Blomquist 1992), but 
management does not necessarily prevent depletion. The Andhra Pradesh Farmer Managed 
Groundwater Systems Project (APFAMGS) is one of very few successful, voluntary groundwater 
governance systems which has resulted in both higher farmer incomes and water savings (World 
Bank. 2010b; Das and Burke. 2013). The project was implemented through direct community 
leadership of hydrological monitoring and measuring of local rainfall and groundwater levels. The 
information was then displayed publicly. Moreover, communities co-developed crop-water budgets 
and received information on alternative crops and cultivation practices (Garduño et al., 2009). Why did 
increased profitability not lead to irrigation expansion and further depletion? Bruns (2014) suggests 
that the creation of common knowledge and shared strategies helped to limit water use and balance 
water demand and supply. 

 11 

Sustainable groundwater management requires balancing demand and supply which is dependent on 12 
usually uncontrollable natural recharge. However, supply-side measures may be easier to implement 13 
than demand-side measures due to local socioeconomic and political factors. The only way to 14 
maintain aquifer systems to an acceptable degree may be to control the expansion of irrigated areas, 15 
improve practices, and adopt water-use efficient crops. (Shah et al 2007; Rakhmatullaev et al 2010). 16 

 Resilience of agriculture to climate variability and change  2.1.317 

As discussed in Chapter 1, climate change is causing increased rainfall variability and the frequency of 18 
extreme events such as drought, floods, and hurricanes (IPCC 2013). Agricultural losses have been 19 
estimated at 10%ï20% of production area, with some 1ï3 billion people possibly affected by 2080 20 
(Fischer et al. 2002).   Hilhost and Muchena (2000) estimate that cultivation potential in Sub-Saharan 21 
Africa could decline by 12%, particularly in the Sudano-Sahelian zone. Moreover, by increasing the 22 
volatility of crop yields, climate risk has been shown to provide disincentives for investments in soil 23 
fertility and agricultural technologies, including improved crop varieties and other yield enhancing 24 
inputs (Boucher et al, 2008; Barrett et al, 2007; Vargas Hill and Viceisza, 2011; Binswanger-Mkhize, 25 
2010; Barnett et al, 2008). 26 

The potential impacts of climate change on the two major agricultural systems are very complex and 27 
vary from one region to another. For example, rising temperatures and CO2 levels will harm crop 28 
productivity in warm and water scarce environments, while they will increase productivity of crops in 29 
cool and water abundant environments for a period at least.  30 

ñIn the short term, warming may improve agricultural yields in some cooler regions, but significant 31 
reductions are highly likely to dominate in later decades of the present century, particularly for wheat, 32 
rice and maize. [There are] numerous studies in the scientific literature, showing that, from 2030 33 
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onwards, significant losses are to be expected. This should be seen in the context of already existing 1 
malnutrition in many regions, a growing problem also in the absence of climate change, due to 2 
growing populations, increasing economic disparities and the continuing shift of diet towards animal 3 
proteinò (IPCC 2014). 4 

Rainfed agriculture will be directly affected by climate change in three ways (Wreford et al. 2010):  5 

¶ Increased temperature and CO2 levels will increase evapotranspiration and reduce soil water 6 
which will put stress on all plants in dry ecosystems, shortening crop growing periods and 7 
reducing yields. In wet and cool agro-ecosystems the same changes may prolong crop growing 8 
periods and increase yields.  9 

¶ Rainfall patterns are likely to change in both dry and wet regions though predictions in rainfall 10 
changes lack precision. More serious will be the intensity and distribution of rainfall. Increased 11 
intensity will encourage more runoff with higher soil erosion and lower opportunity for infiltration 12 
into the soil causing more moisture stress on plants and reduced recharge of groundwater. While 13 
this may increase the availability of surface water it may also result in increased floods. Changes 14 
in rainfall distribution are likely to intensify drought spells and the duration of droughts, exposing 15 
crops to moisture stress, and reducing rainfed yields and quality.  16 

¶ Climate change will also affect rainfed and irrigated agriculture through impact on biotic factors 17 
such as diseases and pests. While it is likely that that these impacts will be substantial there is 18 
insufficient information and more research is needed in this area.  19 

 20 

Irrigated agro-ecosystems will be affected by climate change in two ways (Wreford et al. 2010, IPCC 21 
2014):  22 

¶ Blue surface water supply may be higher in some regions as more runoff will be generated as a 23 
result of increased rainfall intensity. By contrast, less groundwater resources are likely to be 24 
available as a result of reduced infiltration. The overall impact on blue water resources is difficult 25 
to predict especially taking into consideration the variations between regions. More modelling work 26 
is needed in this area.  27 

¶ Increased temperature will increase evapo-transpiration so that more water will be needed for 28 
irrigation. But increased CO2 levels will also act as a fertilizer for crops and improve transpiration 29 
efficiency causing water productivity to increase. Again, further research is needed to understand 30 
the overall impacts of climate change in terms of crop water use. 31 

2.2 Water Use in Food Processing  32 

In this context the term ñwater useô actually refers to water withdrawals, and there is no available data 33 
to separate water use for industrial processing from water use for the other activities listed above 34 
(fabricating, diluting etc). The USGS reports that the ñindustriesò that use the largest amount of water 35 
are those that produce food, paper, chemicals, refined petroleum, or primary metals (Kenny et al. 36 
2009). In the US, in 2005 the amount of water for industrial use, including processing, was estimated 37 
at 70 cubic metres of water per day. Eighty-two percent of this total was supplied through surface 38 
water and the rest from groundwater. In the food sector, water use for processing is significantly less 39 
than for production, but still significant Table 1 (Kirby et al. 2003). 40 

While relatively low in volume, wastewater discharged from food processing tends to be highly 41 
polluting if untreated, and as such warrants analysis. Water use for processing may have different 42 
meanings in different sectors. According to the US Geological Survey (USGS) ñindustrial water use 43 
includes water used for such purposes as fabricating, processing, washing, diluting, cooling, or 44 
transporting a product; incorporating water into a product; or for sanitation needs within the 45 
manufacturing facilityò (USGS 2014).  46 

Use of water at the food processing stage includes adding water to food, and the use of water as 47 
transport and for cleaning (Table 2).  Kirby et al. (2003) estimated that general changes in culture, 48 
such as educational and monitoring programmes, and changes in operations (e.g. installation of taps 49 
with automatic shut-off systems) could reduce consumption by up to 30%. Further improvements could 50 
be achieved through water reuse and recycling, but would require higher capital investments. 51 

 52 
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Table 2  Water use in selected food processing activities  1 

Industry 
Liters per ton of 

product 

Fruits and Vegetable  

Green beans  45,000-64,000 

Peaches and Pears 13,600-18,000 

Other fruit and vegetables  3,600-32,000 

 

Food and Beverages 
 

Beer 9,000-14,500 

Bread 1,800-3,600 

Meat packing 13,600-18,000 

Milk products 9,000-18,000 

Whiskey 55,000-73,000 

 2 
Source: Unido 3 

Table 3  Water quantity and quality requirements for selected processes in food 4 

processing 5 

Process 
Relative water 

quantity 
Water quality 

Direct preparation of product Low  HighïPotable 

Bottled water High  HighïPotable 

Cooling water High  Medium-High 

Product washing MediumïHigh  MediumïHigh 

Fluming water High  MediumïHigh 

Production of ice, hot water, and steam  ?  MediumïHigh 

Air conditioning and humidity control  ?  MediumïHigh 

Starting-up, rinsing and cleaning of processing equipment High High 

Cleaning and disinfection of processing facilities High Medium 

Sanitization water ? ? 

Boiler feed water and fire extinguishing High Medium 

 6 

Source: Modified from Kirby et al. 2003; data from Codex Alimentarius Commission 2000 7 
 8 

The food processing sector has potentially adverse environmental impacts through the release of 9 
wastewater from processing facilities, as well as through the production of solid waste. Wastewater 10 
from fruit and vegetable processing may be rich in pesticides and suspended solids. Rinds, seeds and 11 
other raw material require storage or composting. Meat, poultry and seafood processing produce 12 
wastes that are more difficult to treat and control. Blood and other by-products create a waste-stream 13 
high in BOD and that may carry pathogens. The best method for environmental protection and 14 
reducing water pollution has been to develop systems to reduce, reuse, recycle and treat wastewater 15 
from food-processing. Reduction consists in limiting the amount of waste before it is washed away 16 
from the processing facilities. Reuse of waste products through composting, soil additives, or animal 17 
feed are approaches that help reduce waste and reuse important nutrients. Wastewater can then 18 
undergo an advanced treatment process which may include ozone or chlorine disinfection when 19 
needed (e.g. meat by-products) (Unido, n.d.); see for example Box 10.  20 
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The above gives a partial and very incomplete picture of how much water is used in the food 1 
processing, distribution and retail end of the food chain/value chain. In the case of more industrialised 2 
food systems where food supply chains have become extremely complicated and geographically 3 
dispersed, there is a high probability that the above water use metrics are considerably 4 
underestimated. 5 

The approach needs to be based on a more systemic life cycle analysis.  All stages involved when 6 
moving the food product through the processing, distribution and retailing (and subsequent waste 7 
management stages) need to be assessedðso that the analysis covers the water use of all processes 8 
involved in the production and delivery of a food product, including water used in manufacturing 9 
machines and tools used in food processing and distribution.  10 

This comprehensive approach would lead to a more accurate value for the water footprint, embodied 11 
water, or other indicator of water use. The total embodied water or water footprint of any given step in 12 
food processing should thus include all stages of the manufacturing process of the machines and tools 13 
(e.g. canning units, meat processing facilities, mills....) used in food processing and distribution, - from 14 
the water used in mining of raw materials through to manufacture of machines and tools as well as 15 
distribution and then waste management.   16 

Box 10 Case study Vissan Slaugtherhouse, Ho Chi Minh City, Vietnam  

In 1999, VISSAN was the only large, integrated modern slaughter house and meat processing unit in 
Ho Chi Minh City, processing cows and pigs. But almost all by-products and waste streams generated 
by the slaughtering process were directly discarded into local water bodies. These included blood, 
hides, offal, stomach contents and manure, wastewater and hair, leading to a high organic pollution 
load. A cleaner production team funded by SIDA and UNIDO identified a series of causes of waste 
generation listed in the table below as well as a series of solutions. Solutions, such as collecting blood 
for sale as fish meal, and solid waste from offal cleaning for resale as manure brought immediate 
benefits in terms of hygiene, water use reduction and reduced choking of sewers as well as potential 
income from sales. Changes in the water pipes used and installation of closed loop cooling systems 
brought further large benefits in terms of water savings and hygiene. As the polluter-pays principle is 
not in force in many countries, the identification of win-win approaches such as those that improve the 
balance sheet of the company while also reducing adverse impacts on natural resources from either 
over-extraction or pollution will continue to play a major role in managing the rapidly growing number 
of processing industries in the world. 

Source: SIDA/UNIDO/DOSTE. 1999.  

 17 

2.3 Water re-use  18 

 Dealing with wastewater and marginal quality water  2.3.119 

In recent years, the use of marginal quality water has emerged as an important source of water.  20 
Potential sources include natural brackish water, agricultural drainage water, and treated sewage 21 
effluent. Notable amounts of brackish water, mainly in groundwater aquifers, can either be used 22 
directly in agriculture or be desalinated for human and industrial use. A number of fresh water aquifers 23 
have become brackish as a result of groundwater mining and seawater intrusion. Using brackish water 24 
in agriculture can contribute to food production and the environment, but it requires special scheduling 25 
to prevent land salinization and degradation of ecosystems, as well as the development or selection of 26 
crops that tolerate some level of salinity. 27 

In the last few decades there has been considerable research on the reuse of drainage water in 28 
agriculture and its impacts on the environment. In Egypt, the drainage water from agricultural lands is 29 
collected by an extensive drainage network and recycled after being mixed with fresh water 30 
downstream, until it becomes too saline for productive use. Currently about 5.5 billion m

3
 of drainage 31 

water are reused annually and this is expected to increase to about 10 billion m
3
by the year 2017 32 

(Abdel-Shafy and Mansour 2013). 33 

Millions of small-scale farmers in urban and peri-urban areas of developing countries irrigate with 34 
wastewater from residential, commercial, and industrial sources, in many areas not treated before use. 35 
In some areas there is scope for expanding irrigation on this basis, while in others the challenge is to 36 
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get more productivity from existing infrastructure. Many factors prevent the expansion of wastewater 1 
reuse, however, including social barriers, technical obstacles, and institutional and political constraints. 2 
Utilizing treated sewage water is essential especially in water scarce areas such as the Middle East 3 
and North Africa but requires policies to properly control quality and handling in the field (UNDP, 4 
2013). Given the significant health risks associated with wastewater reuse, CA (2007) suggests three 5 
approaches to addressing marginal water: 1) reduce the volume of wastewater generation; 2) address 6 
risks in agricultural use of wastewater; and 3) improve handling of food that was irrigated with 7 
wastewater. 8 

 9 

Box 11 Urban agriculture  

Urban agriculture has the potential to contribute to food security both directly through producing 
nutritionally rich food for consumption and indirectly by providing livelihoods to urban poor through 
producing food for the market (Zezza and Tasciotti, 2010). However, while urban agriculture has been 
shown to be important to urban poor households' food security by contributing to dietary diversity and 
calorie availability, these impacts are limited, particularly for the poorest households (ibid). 
Participation in urban agriculture is correlated with wealth and landholdings since it requires access to 
land, water and inputs (Frayne et al., 2014), limiting its potential as a solution to food security issues 
for the urban poor.  

Despite these limitations, urban agriculture has seen successes. For instance, in the Kibera slums in 
Nairobi, Kenya, sack gardening has become increasingly common since it can be practiced with 
limited space and water (Gallaher et al., 2013). This form of urban agriculture has been demonstrated 
to have a positive impact on household food security and has enabled these households to skip fewer 
meals, although its impacts are limited by household access to inputs (ibid). Urban agriculture is also 
viewed as having positive impacts on food security in developed countries. A recent report on urban 
agriculture in London called for planning policy that would encourage agriculture in the capital in order 
to improve food security and meet the demand for locally grown food (London Assembly, 2010). In this 
context, problems faced by urban agriculture tend to be issues with competition over high priced land, 
access to irrigation infrastructure and avoiding the use of expensive, potable water, getting food to the 
market, and soil and air pollution (ibid). Peri-urban agriculture has also received attention from city 
planners since these peri-urban regions shape cities. Maintaining farmland in peri-urban regions can 
provide benefits to urban centers, such as environmentally processing waste, ecosystem 
management and job creation through agri-tourism (Brinkley, 2012).  

 Desalination 2.3.210 

Desalination of salt water is a potential new source of freshwater especially in water scarce countries. 11 
Increased water demand coupled with lower production costs due to technological advances has 12 
helped in the rapid growth of this sector. Nonetheless, its production is still generally too costly for 13 
agricultural use and it has high energy demands. According to Ghaffour et al. (2013), desalination 14 
capacity is continuing to grow rapidly in water-short countries where demands on water resources 15 
have risen beyond reliable supplies and as desalination costs have declined to less than US$0.50 in 16 
some places. These lower costs are, however, generally associated with energy subsidies and ignore 17 
environmental costs. As new technologies develop, costs might eventually drop sufficiently to enable 18 
the profitable use of desalinated water for agriculture, possibly using natural gas as a source of 19 
energy. 20 

2.4 Improving water management and uses  in agriculture and food 21 

systems 22 

Without improvements in agricultural water productivity the world will need to substantially increase 23 
water withdrawals to produce more food. However, this is not inevitable and world food demands can 24 
be satisfied with available water and land resources by increasing water and land productivities 25 
through upgrading rainfed and irrigated systems; optimizing virtual water flows (trade) between 26 
countries based on comparative advantages; and reducing food demand by adjusting diets and 27 
improving the efficiency of food processing and distribution (CA, 2007). We now focus on the 28 
agricultural water use aspects of these pathways. 29 
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 Improving water and land productivities   2.4.11 

The water consumed in agriculture is currently estimated at 7,130 billion m
3
  per annum and with 2 

current levels of soil-moisture conservation efforts and productivity, an increase in water supply of 3 
60%ï90% will be needed by 2050.    4 

In water scarce regions, as the amount of water available for agriculture is declining due to competition 5 
with other sectors, food security is increasingly threatened. If the non-agricultural consumption of 6 
water continues to grow at present rates, the share of water for agriculture in several North African 7 
countries will drop to 50% in 25 years. In several countries, such as Jordan, marginal-quality water will 8 
soon become the major source of irrigation water. Despite its scarcity, water continues to be misused. 9 
New technologies allow farmers to extract groundwater at rates far in excess of recharge, rapidly 10 
depleting centuries-old aquifers. Water scarcity and mismanagement will also accelerate 11 
environmental degradation, through soil erosion, soil and water salinization, and waterlogging. These 12 
are global problems, but they are especially severe in the dry areas (Pereira et al., 2002).  13 

In water scarce areas, there is not much water to divert to agriculture to meet increasing food demand. 14 
The only feasible alternative is to increase the productivity of available water.  15 

Improved water productivity reflects the objectives of producing more food, income, livelihoods, and 16 
ecological benefits at less social and environmental cost per unit of water used, either delivered to or 17 
depleted by the use. The ecological benefits and lessened social/ environmental costs referred to here 18 
derive from improving blue/green water productivity, and do not include improving grey water 19 
productivity (reducing water pollution, measured in total maximum daily load or TMDL). It simply 20 
means growing more food or gaining more benefits with the same amount of or less water. Physical 21 
water productivity is the ratio of the mass of agricultural output to the amount of water used, and 22 
economic water productivity is the value derived per unit of water used. Water productivity may be 23 
measured specifically for crops (crop water productivity) and livestock (livestock water productivity). 24 
Equally important is nutritional water productivity (nutrition such as protein per unit of water used) or 25 
calories per unit of water used (Molden et al., 2010). Water productivity can evaluate returns to water 26 
across all scales and sectors (such as accounting for multiple uses of water) and help relate water 27 
productivity to improvements in food security and reductions in poverty (Molden et al., 2007).  28 

There several are important reasons to improve agricultural water productivity (Molden et al., 2007): 29 

¶ To meet the rising demand for food and other agricultural products from a growing, wealthier, and 30 
increasingly urbanized population, in the face of water scarcity. 31 

¶ To respond to pressures to reallocate water from agriculture to cities and to ensure that water is 32 
available for environmental uses. 33 

¶ To contribute to poverty reduction and economic growth. For the rural poor more productive use of 34 
water can mean better nutrition for families, more income, productive employment, and greater 35 
equity. Targeting high water productivity can also reduce investment costs by reducing the amount 36 
of water that has to be withdrawn 37 

¶ To reduce the need for additional water and land in irrigated and rainfed systems as a critical 38 
response to increasing water scarcity, including the need to leave enough water of good quality to 39 
sustain healthy ecosystems and to meet the growing demands of cities and industries. 40 

Droogers and van de Giesen (2010) suggest that water productivity can be enhanced in all types of 41 
farming systems, and particularly in livestock systems. The focus should be on areas that are currently 42 
at the lower end of the productivity spectrum as the scope for improvement is larger. This would 43 
include much of Sub-Saharan Africa, large parts of South Asia and parts of Latin America.  Potential 44 
gains can be made by adopting integrated approaches and changing cropping patterns to cultivate 45 
higher value crops and through reductions in social and environmental costs. With careful targeting, 46 
the poor can benefit from water productivity gains in crop, fishery, livestock, and mixed systems 47 
(Molden et al., 2007). Integrated systems also offer a wide range of food-crop choices towards 48 
nutrition security. Moreover such practices are particularly suitable for building healthy soils with higher 49 
water retention capacity, and improved presence of mycorrhizal fungi, which is a must for improving 50 
crop productivity as well as improved nutrition content of food crops produced in all types of farming 51 
systems. (Mayer, 1997; Verbrugge et al., 2010). Integrated systems can also support knowledge 52 
sharing amongst food producers towards building a sustainable and fair food system (Varghese 2013).  53 

 54 
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Table 4  Agricultural water productivity (values of produce by m
3
 of water consumed)  1 

 2 

¶ High priorities for water productivity improvement include (Molden et al 2007): 3 

¶ Areas where poverty is high and water productivity low, where the poor could benefitðmuch of 4 
Sub-Saharan Africa and parts of South Asia and Latin America 5 

¶ Areas of physical water scarcity where there is intense competition for waterðsuch as the Indus 6 
Basin and Yellow Riverðespecially through gains in economic water productivity. 7 

¶ Areas where ecosystem functions greatly depend on water availability such as groundwater 8 
mining and reduction in environmental flow. 9 

Practices to increase water productivity include improved irrigation uniformity/distribution through 10 
better irrigation systems and management, adopting water-use efficient practiced such as 11 
supplemental irrigation, deficit irrigation and water harvesting and improved cultural practices such as 12 
fertility and conservation agriculture. Using agricultural crop residues in animal feed and open grazing 13 
may provide a several-fold increase in livestock water productivity   14 

Technologies can be more effective if introduced in an integrated system. Switching to higher value 15 
agricultural uses or reducing costs of production; better integration of livestock in irrigated and rainfed 16 
systems and using irrigation water for household and small industries can increase water productivity. 17 
Such integrated farming systems with better recycling of nutrients (using animal waste for energy 18 
generation or fertilising crops; using crop residue as animal feed or for energy generation; using 19 
energy generated for use in processing of crops/ animal products) contribute not only to improved 20 
nutrient content in farm products, but also help to lower the climate footprint of farming systems, 21 
compared to those using single technologies and mono-cropping (Lin et al., 2011; Pelletier et al., 22 
2008; Scialabba and Müller-Lindenlauf, 2010). 23 

According to the CA (2007) higher physical and economic water productivity can reduce poverty in two 24 
ways: water saved can be accessed by poor or marginal producers to produce food and generate 25 
income; and second, additional production can reduce food prices and increase employment through 26 
multiplier effects. This is only possible, however, if water savings are made accessible to the poor. 27 

Livestock consumes about 20% of the water allocated to agriculture (de Fraiture et al., 2007). With 28 
rapid increase in animal products this portion is likely to increase in the near future. Increasing 29 
livestock water productivity can help total agricultural water needs. Savings in animal water use are 30 
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mainly associated with feed consumption. On average 1 kg of animal product uses from 3000 to 1 
15000 m

3
 of water depending on management and animal efficiency in converting feed to products. 2 

Livestock water productivity includes food but also includes other elements that should be taken into 3 
account such as transport, plowing, and buffering against drought. (Molden et al., 2010). There is 4 
considerable scope for increasing both physical and economic livestock water productivity through, for 5 
example, improving feed sourcing, enhancing animal production, improving animal health, and 6 
adopting proper grazing practices to reduce rangelands degradation. (Peden et al., 2007). 7 

Better integration of fisheries and aquaculture with water management systems can also improve 8 
water productivity. The two major components of water use in aquaculture are the water required to 9 
produce feed and that required for aquaculture. Water needs range from 0.5 to 45 cubic meters per 10 
kilogram of produce depending on the intensity/extensity of the system used (Verdegem et al., 2006). 11 
Fish can often be integrated into water management systems with the addition of little or no water 12 
(Prein, 2002). Aquatic ecosystems provide many other services and benefits beyond fisheries such as 13 
biodiversity. Considering only the values of fish produced per unit of water is an underestimation of 14 
water productivity in these systems (Dugan et al 2006). 15 

Achieving meaningful improvement in water productivity however, cannot be done through 16 
technological advancement alone. It requires enabling policies and a healthy institutional environment 17 
to align usersô incentives at various scales and to encourage the uptake of new techniques and to deal 18 
with tradeoffs (CA, 2007: 25-26). 19 

Increasing water productivity is an effective means of intensifying agricultural production and reducing 20 
environmental degradation. T here is still ample scope for higher physical water productivity in low-21 
yielding rainfed areas and in poorly performing irrigation systems, where poverty and food insecurity 22 
prevail. Good agricultural practicesðmanaging soil fertility and reducing land degradationðare 23 
important for increasing crop per drop. Livestock and fisheries reveal scope for improvements as well. 24 

 Upgrading rainfed agriculture 2.4.225 

According to Rockstrom et al. (2010), the scope for improving outcomes on the 70% of rainfed 26 
harvested area that produces more than half of the gross value of food is large and attention should 27 
be focused on enhancing rainfed outputs through better water management. The scope can be seen 28 
when comparing rainfed production in developed with that of developing countries. According to 29 
Rosegrant et al. (2002), more than 80% of the cereal harvested area in developed countries remains 30 
rainfed, and is highly productive with average yields equal to irrigated cereal yields in developing 31 
countries.  32 

The Comprehensive Assessment of Water Management in Agriculture (2007) reflected significant 33 
progress in upgrading rainfed systems with minimal increases in irrigated production which reached 34 
80% of its potential. To meet rising demand for food until year 2050, an average annual growth of yield 35 
of 1%. Assuming no expansion in irrigated agriculture this will only require an additional 7% to the 36 
existing agricultural lands. (Wani et al., 2007).  37 

Despite successes in upgrading rainfed agriculture by research and developments in several countries 38 
of the world, through soil- water and crop management practices, supplemental irrigation and water 39 
harvesting, these tend to be isolated successes in practice. Adoption rates have been low for four 40 
main reasons: low profitability, often a result of fluctuating international markets and/or dumping of 41 
agricultural commodities, or due to lack of local processing facilities; poor access to storage or 42 
markets; relatively high labor costs; and high risks. What is now needed is to improve farmersô access 43 
to markets, credits, inputs, and opportunity for learning from the successes of others through, for 44 
example, farmer-to-farmer exchanges. The most important is to improve water availability to crops ð45 
because without having water where and when it is needed, rural people risk crop failure and hunger 46 
(CA, 2007).  47 

Better management of rainwater, soil moisture, and supplemental irrigation is the key to helping the 48 
greatest number of poor people through: reducing yield losses from dry spells; giving farmers the 49 
security to risk investing in other inputs such as fertilizers and high-yielding varieties and allowing 50 
farmers to grow higher value market crops, such as vegetables or fruits. Such approaches are 51 
practiced in many parts of the world. Often these practices are rooted in farmersô experiences and 52 
traditional knowledge of their agro-ecosystems, and at times are combined with other principles such 53 
as using zero external input, or using only organic inputs. Case studies on such approaches show how 54 
they help farmers cope with climate challenges (Wani et al., 2007). 55 
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Supplemental irrigation (SI) is a key strategy, still underused, for unlocking rainfed yield potential and 1 
water productivity in rainfed agriculture.  Supplemental irrigation can substantially increase rainfed 2 
production by using limited amounts of water, applied during dry spells, to alleviate soil moisture 3 
stress. The critical importance of supplemental irrigation lies in its capacity to bridge dry spells and 4 
thereby reduce risks in rainfed agriculture. Evidence indicates that supplemental irrigation of 50ï200 5 
mm a season is sufficient to double or more the rainfed yields. Such small amounts can be collected 6 
using water in local springs, shallow groundwater, water harvesting or conventional water resource 7 
schemes. Supplemental irrigation allows modifying crop calendars to escape climatic extremes and 8 
adapt to climate change. By reducing risk, supplemental irrigation may provide the necessary incentive 9 
for investments in other production factors such as improved crop varieties, fertilizer, labor, and tillage 10 
techniques and for diversification (Oweis 2014).  11 

Supplemental irrigation can, in addition to improving rainfed crop yields and water productivity, helps 12 
stabilizing farmersô production and income. For the greatest benefit, supplemental irrigation should be 13 
accompanied by a package of soil and crop management practices. In areas where groundwater is 14 
used policies should encourage deficit supplemental irrigation to reduce pumping and sustaining the 15 
functionality of the aquifers (World Bank 2006).  16 

Supplemental irrigation is also an effective practice to support adaptation to climate change.  It is likely 17 
that drought spells will be more frequent and intensive crops will be more exposed to soil moisture 18 
stress with subsequent yield loss. This can be bridged by limited amounts of supplemental irrigation. 19 
Furthermore it will allow higher levels of CO2 to act as fertiliser and increase water use efficiency and 20 
yields in rainfed systems (IPCC, 2014, Sommer et al 2011). 21 

Rainwater harvesting (WH) represents the real recovery of otherwise lost water in rainfed systems and 22 
provides opportunities for decentralized community-based management of water resources. In dry 23 
environments, hundreds of billions of cubic meters of rainwater are lost every year through runoff to 24 
salt sinks and evaporation from bare soil surfaces as a result of a lack of proper management and 25 
sustainable ecosystems development. Through water harvesting, runoff water is collected and stored 26 
for beneficial use, either in surface storage areas, in the soil profile or by recharge of aquifers. Stored 27 
water can be used later if retained in surface or groundwater storage for human, animal or SI use, or 28 
used immediately by crops from soil profile as green water. Often WH halts soil erosion and improves 29 
soil fertility especially when micro catchments types are used. Water stored in surface ponds or 30 
aquifers are often used as a source of supplemental irrigation.   31 

Box 12 Supplemental irrigation package may triple rainfed productivity 

Research has shown that wheat yields can be increased from 2 tons per hectare to more than 5 tons per 
hectare by the conjunctive use and timely application of only 100 to 200 mm of irrigation water.  While the 
limited amount of water available would not support a fully irrigated crop it can substantially increase 
productivity when used as a supplement to rainfall. Water productivity under Supplemental irrigation is far 
higher than in conventional full irrigation. Wheat productivity in non rainfed areas is less than 1 kilogram per 
cubic meter but up to 2 kilograms per cubic meter under Supplemental Irrigation. Thus, Supplemental 
irrigation also improves the productivity of limited rainfall. (Oweis and Hachum. 2003).  

The area of wheat under Supplemental irrigation in northern and western Syria has increased from 74,000 
hectares (in 1980) to 418,000 thousand hectares (in 2000), an increase of 470 percent. The estimated mean 
increase in net profit between rainfed and Supplemental irrigation for wheat equals US$300 per hectare. 
Supplemental irrigation with deficit irrigation led productivity in northwest Syria to increase from 0.84 to 2.14 
kilograms of grain per cubic meter of water. Many farmers over irrigate their wheat fields, but when there is 
not enough water to provide full irrigation to the whole farm, the farmer has two options: to irrigate part of the 
farm with full irrigation, leaving the other part rainfed, or to apply deficit Supplemental irrigation  to the whole 
farm. In areas where water is more limiting than land, applying deficit irrigation increased the benefit by 
more than 50 percent compared with the farmerôs usual practice of over irrigation. (Oweis and Hachum 
2003) 

óIn Sub-Saharan Africa and other tropical semi-arid areas, rainwater harvesting, which collects surface 
runoff, is used to provide water for Supplemental irrigation. Although seasonal rainfall in these environments 
is higher than around the Mediterranean, its effectiveness is low because of higher evaporation losses and 
lower soil-water holding capacity at the root zone. Research in Burkina Faso and Kenya has shown that 
Supplemental irrigation  of 60 to 80 mm can double and even triple grain yields from the traditional 0.5ï1 ton 
per hectare (sorghum and maize) to 1.5ï2.5tons per hectare. However, the most beneficial effects of 
Supplemental irrigation were obtained in combination with soil-fertility management. The major constraint to 
Supplemental irrigation  development in Africa is farmersô capacity, both technical and financial, to develop 
storage systems for runoff waterô. (Rockströmet al., 2003 cited in World Bank 2006: 210).  

 32 
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Water harvesting plays a crucial role in adapting to climate change and increasing agricultural 1 
resilience. By slowing down or halting the increased runoff that will result from increased intensity of 2 
rainfall, rainwater harvesting allows more rainwater infiltration, increased soil water storage and better 3 
recharging of groundwater. As water harvesting efficiency is dependent on runoff, climate change, by 4 
increasing rainfall intensities may in fact provide an opportunity instead of a disadvantage. (Oweis et al 5 
2012). 6 

The objective of increasing investment in rainfed agriculture is to reduce vulnerability to risks and 7 
improve productivity. Those are compelling to insure equity and sustainable development. 8 
Implementing already developed technologies in rainfed areas is usually cheaper than that in irrigated 9 
areas and can be implemented easily with fast returns that help farmers to increase income. Some 10 
practices, however, like water harvesting and supplemental irrigation need infrastructure and 11 
equipment that can be an obstacle for small and poor farmers (CA, 2007).  12 

In semi arid regions, where rainfall amounts and distribution are not optimal and drought events are 13 
both in short and long durations are also subject to future climate change. Farmers under these 14 
circumstances are reluctant to invest in inputs or infrastructure to reduce risk creating a circular of risk 15 
and poverty. Investing in supplemental irrigation and water harvesting would help farmers overcome 16 
both short and long dry spells and sustainably upgrade their rainfed agriculture. (Wani et al., 2007). 17 
rainfedThe right incentives and measures to mitigate risks for individual farmers, water management in 18 
rainfed agriculture hold large potential to increase food production and reduce poverty, while 19 
maintaining ecosystem benefits include (Rockström et al., 2010): 20 

¶ Make rainwater available to crops when it is most needed, for example, through storage of 21 
precipitation, and more efficient use.  22 

¶ Building the capacity of water planners, policymakers extensionists and community institutions in 23 
rainfed systems  24 

¶ Use an integrated approach that considers rainwater management in upper catchments in addition 25 
to on-farm management.  26 

¶ Use Learning and Practice Alliances to scale up technologies and practices (see Box 14).  27 

 28 

Box 13 Rainwater harvesting improves rainfed systems in Africa and China 

In the Gansu Province in China small subsurface storage tanks are promoted at a large scale. These 
tanks collect surface runoff from small catchments. Research using these subsurface tanks to 
alleviate the drought spells that stressed rainfed wheat in several counties in Gansu Province (Li et al., 
2000) indicates a 20% increase in water productivity. Water productivity increased on average from 
8.7 kg/mm/ha for rainfed wheat to 10.3 kg/mm/ha for wheat receiving supplemental irrigation. 
Incremental water productivity ranged from 17 to 30 kg/mm/ha, indicating the large relative added 
value of supplemental irrigation. Similar results were observed in maize, with yield increases of 20 to 
88%, and incremental water use efficiencies ranging from 15 to 62 kg/mm/ha of supplemental 
irrigation (Li et al., 2000).  

Benefiting from the Chinese experience with subsurface tanks, similar systems are being developed 
and promoted in Kenya and Ethiopia. In Kenya (Machakos district) these tanks are used to irrigate 
kitchen gardens, and enable farmers to diversify sources of income from the land. Micro-irrigation 
schemes are promoted together with commercially available low-pressure drip irrigation systems. 
Cheap drip kits (e.g. the Chapin bucket kit) save water and labour, and are increasingly adopted 
among farmers, e.g. in Kenya. Combining WH with drip irrigation can result in very significant water 
productivity improvements. (Rockström et al., 2001). 

In Kenya (Machakos district) and Burkina Faso (Ouagouya), surface runoff from small catchments (1-
2 ha) was harvested and stored in manually dug farm ponds (100-250 m3 storage capacity). In 200, 
seasonal droughts in Kenya and Burkina Faso resulted in complete crop failure for most neighbouring 
farmers, but the WH system enabled the harvest of an above average yield. The highest improvement 
in yield and water use efficiency was achieved by combining supplemental irrigation and fertilizer 
application. It indicates that full benefits of WH for supplemental irrigation can only be met by 
simultaneously addressing soil fertility management (Rockström et al., 2001).  

 29 
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Box 14 Building solutions with farmers through Learning and Practice Alliances 

In East Africa, rainfed farming can be high risk (Rockström et al, 2003; Wani, et al 2009)).  Long or short 
rains fail and crops die or provide consistently low yields. Rain, when it comes, can also be in highly 
destructive bursts, causing soil compaction and massive run-off. Smallholder farmers face a real 
challenge, therefore, in capturing, storing and using the resource effectively to help support crop 
production for their own food security or the wider market for food stuffs and cash crops.  

Through Learning and Practice Alliances, CARE has been working with smallholders and local extension 
staff and researchers in Ethiopia, Tanzania and Uganda to establish and scale up technologies and 
practices that can enhance the effective management and use of water for smallholder agriculture. This 
ówater smart agricultureô (CGIAR 2014) entails helping farmers make informed choices about ways of 
improving the capture and storage of surface runoff, accessing and using sustainably available 
groundwater and, crucially, maximizing the efficient use of rainfall, or ógreen waterô, with a focus on 
enhancing soil water retention around crop root systems. 

The specific focus of this work under the Global Water Initiative East Africa (CARE 2013) is to seek 
increased farmer productivity and resilience through empowering women farmers. Though comprising the 
bulk of farmers in many communities, women often have fewer opportunities to access investments and 
inputs into their farming (UNEP 2013)  and can struggle to ógraduateô to farming that produces a surplus 
each year. Many of the technologies and practices that are available are simple and low-cost, including 
rainwater harvesting tanks for dry season cropping in northern Uganda, hillside terracing and ódouble 
diggingô to break hard pan soil compaction in the Kilimanjaro Region of Tanzania and the establishment 
of small-scale irrigation to supplement rainfed cropping in the Amhara region of Ethiopia. CAREôs 
emphasis is on joint learning and peer-to-peer demonstration to help scale up successful techniques and 
practices and to monitor impacts across seasons and years, encouraging farmers to become investors in 
innovation. 

Further information here: www.gwieastafrica.org; https://www.facebook.com/GWIEastAfrica; 
http://www.iwmi.cgiar.org/Publications/CABI_Publications/CA_CABI_Series/Water_Productivity/Unprotected/
0851996698ch9.pdf  

 1 

 Investing in irrigation  2.4.32 

Although still needed, investment in irrigation must become more strategic. Irrigation development 3 
needs to take into account the full social, economic and environmental costs and benefits of its 4 
development and development should be chosen from a range of portfolio options, ranging from small-5 
scale, individual-farmer managed systems to large-scale, reservoir based systems (Wichelns, 2014; 6 
CA, 2007: Faurès et al., 2007).  At the same time, rehabilitation of existing systems, chiefly through 7 
irrigation management reform has started to show promise. Conjunctive use systems, such as those in 8 
parts of South Asia have superseded surface-only systems to achieve higher productivity and 9 
efficiency. In yet other systems, multiple-uses of irrigation water have increased benefits of irrigation 10 
alone (CA, 2007; Meinzen-Dick, 1997a). Given growing water availability under climate change, 11 
irrigation systems will be called upon to provide even more water control to compensate for more 12 
erratic precipitation, which will come at a cost, given that much of the infrastructure is aging (CA, 13 
2007).  14 

Unless water savings are made in the current system, it will be difficult to achieve substantial 15 
expansion. Some measures towards saving water are discussed below.  16 

Increasing irrigation efficiency  17 

This concept is often subject to controversy and misinterpretation. Because only 30%ï50% of the 18 
water withdrawn from its source is actually evapo-transpired by crops in a typical irrigation system, 19 
many conclude that substantial gains in water volumes can be obtained by increasing application 20 
efficiency in irrigation. However, as Seckler et al. (2003) state, irrigation efficiency improvements at the 21 
system level might yield little real water savings as water is reused many times in river basins; and the 22 
concept of water efficiency is therefore site-, scale- and purpose-specific (Lankford 2006). It is, 23 
therefore, important to understand the hydrology of the entire catchment or basin before suggesting 24 
investments in water use efficiency. Other issues to consider when devising irrigation efficiency 25 
improvements include the irrigation design, operation and management, equity in access, energy 26 
savings and levels of waterlogging and salinization (Bos et al., 2005; Faurès et al 2007). 27 

http://www.gwieastafrica.org/
https://www.facebook.com/GWIEastAfrica
http://www.iwmi.cgiar.org/Publications/CABI_Publications/CA_CABI_Series/Water_Productivity/Unprotected/0851996698ch9.pdf
http://www.iwmi.cgiar.org/Publications/CABI_Publications/CA_CABI_Series/Water_Productivity/Unprotected/0851996698ch9.pdf
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Modernizing irrigation systems 1 

Many countries strive to convert traditional surface irrigation to modern systems, such as drip and 2 
sprinklers, which achieve higher water application efficiency and yields. The lower efficiency of surface 3 
systems is mainly a consequence of low application efficiency. These losses occur at the field level, 4 
but often are partially or fully recovered at the scheme or basin levels by recycling drainage and runoff 5 
water or by pumping deep percolation losses from groundwater aquifers (In some occasions these 6 
losses are not recovered as they may join salt sinks or be stored in unreachable locations). Of course 7 
these are important losses to the farmer as the recovery has a cost; still these are not total losses at 8 
the larger scale (Oweis 2014). 9 

Reducing field losses by converting to modern systems will increase yields and save some water but 10 
will not create substantial additional water resources. In Egypt, individual farmers along the Nile and 11 
around the Delta lose on average about 55% of the water they apply through surface irrigation 12 
systems in runoff and deep percolation (an application efficiency of 45%). However, the lost water is 13 
continuously recycled through the drainage system and groundwater pumping. Only about 10-15% of 14 
the Nile water in Egypt is lost to the sea, which brings the systemôs overall efficiency to about 85%. So 15 
understanding the surface irrigation system losses needs to be put in the context of scale to evaluate 16 
the real vs paper losses across the system (Molden, et al 1998, Oweis, 2014, Seckler, 1996). 17 

It is well established that modern irrigation systems can achieve higher crop productivity. But this is 18 
achieved not by reducing system losses in deep percolation and runoff, but rather through better 19 
control, higher irrigation uniformity, reduced irrigation frequency (less crop moisture stress between 20 
irrigations), better fertilization (fertigation), and other factors. In some modern systems, such as drip 21 
systems, real water saving can be achieved by reduction of evaporation losses, where the wetted soil 22 
surface is limited and mulches can be used to further reduce evaporation. The increased land 23 
productivity, however, comes at a cost ï higher capital, higher energy consumption, and more 24 
maintenance requirements. Successful conversion requires a developed industry, skilled engineers, 25 
technicians and farmers, and regular maintenance (Oweis, 2012). 26 

Modern systems are meant to be efficient. However, they can be efficient only if they are managed 27 
properly. Often they are no more efficient than traditional surface systems because of poor 28 
management. Surface systems can perform better if designed and operated properly. The vast 29 
majority of irrigation systems worldwide are surface irrigation; this is unlikely to change in the near 30 
future (FAO, 1997). Selection of the appropriate irrigation system may not depend solely on its 31 
application efficiency, but on other physical and socioeconomic conditions at the site (Keller and Keller 32 
2003). 33 

Modern systems are most successful in areas where water is scarce and expensive, so that farmers 34 
can recover the system cost by reducing irrigation losses and increasing productivity. When water is 35 
cheap and abundant, farmers, especially in developing countries, have little incentive to convert to 36 
modern systems. In fact improving surface irrigation systems through land levelling and better control 37 
may be more appropriate for most farmers in developing countries.  38 

Reducing demand through pricing 39 

In many countries water for irrigation is highly subsidized. Farmers have little incentive to restrict their 40 
use of water or to invest in new technologies to improve the use of available water. Although it is 41 
widely accepted that water pricing would improve efficiency and increase investment in irrigation 42 
projects, the concept of pricing presents enormous practical, social, and political challenges, including 43 
the difficulties in measuring water and monitoring its use by farmers and the pressures for subsidized 44 
inputs. There is also a fear that once water is established as a market commodity, prices will be 45 
determined by the market, leaving the poor unable to buy water even for household needs. 46 
Downstream riparian countries fear that upstream countries may use international waters as a market 47 
commodity in the negotiations on water rights (Altinbilek, 2014)  48 

One cannot ignore these very real concerns. Innovative solutions are therefore needed to put a real 49 
value on water in order to improve efficiency, while at the same time recognising cultural norms and 50 
ensuring that people have sufficient water for basic needs. Subsidies for poor farmers may be better 51 
provided in areas other than water, so that the subsidies do not encourage inefficient use of water. 52 
Countries must strengthen the recent trend to recover the running costs of irrigation supply systems. 53 
Water pricing and other tools of demand management will reduce the demand for water in agriculture 54 
or divert it to high-valued or luxury crops but may not improve agricultural production for food and 55 




















































































































