


SUMMARY Sound development and management of freshwater resources can 
unlock potential to improve food security, nutrition, and health. Maximizing 
these benefits jointly, however, requires that water management be adapted to 
highly variable contexts, embedded in sound environmental policies, and cogni-
zant of all economic costs and benefits.
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Demands on water—one of life’s most basic necessities—
are increasing rapidly. In 2010, more than half of the world’s popu-
lation was living in countries experiencing medium to high levels 

of water stress (defined as those that withdraw more than 20 percent of their 
annual internally available water resources). Without a change in the way this 
critical resource is used and managed, by 2050, 68 percent of the world’s pop-
ulation will be living with medium to high levels of water stress. More than 
one-third of humanity—36 percent—was already living under conditions of 
severe water shortage in 2010 (defined as withdrawing more than 40 percent of 
water resources annually); this share is expected to grow to 52 percent by 2050.1 
Low-income countries are more likely to suffer from severe water shortages and, 
importantly, from more frequent water shortages. Without substantial attention 
to water management in the development agenda, agriculture, energy, environ-
mental integrity, health, nutrition, and poverty reduction are all likely to be at 
risk as a result of the high interdependence between water and other sectors.

While the Millennium Development Goals focused on water supply and 
sanitation, the much larger role of water for human development—through 
food, nutrition, safe supply and sanitation, and environmental sustainability—is 
recognized in the newly adopted Sustainable Development Goals (SDGs). SDG 
6 sets comprehensive targets for water, encompassing the management of water, 
wastewater, and water-related ecosystems. Water also features in most other 
SDGs either directly, as in the goals for oceans and ecosystems, or indirectly, as 
in the goal for food security and nutrition. Understanding the synergies among 
the multiple uses of water will be central to meeting the SDG targets.
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This chapter explores the potential synergies and 
interactions among various water uses and users that 
can help achieve a sustainable balance of water uses 
for food, nutrition, and health.

THE MULTIPLE DEMANDS ON WATER

Water is an irreplaceable resource for food security, 
nutrition, and health. Water of sufficient quantity 
and quality is an essential input to food production, 
animal rearing, and fisheries, as well as produc-
tion of fibers and plants for medicinal purposes. 
About 85 percent of all freshwater resources con-
sumed by humans are used for irrigated agricul-
tural production.2 Processing and preparation of 
food products also require water and pollute water 
resources. Drinking water itself contains import-
ant nutrients, and safe drinking water and sanita-
tion are fundamental to the nutrition, health, and 
dignity of all.3 Water is similarly important for the 

generation of energy, not only hydropower, but also 
thermoelectric, nuclear, coal, and bioenergy, and 
to a lesser extent other renewables.4 Water is also 
used for most industrial processes. Finally, water is 
essential to the functioning of most ecosystems on 
which humanity depends.5 Thus, balancing water 
across food security, nutrition, and health must be 
considered within a wider context ranging from 
ecosystem protection to economic development 
(Figure 1).

Despite the overwhelming importance of water 
for all living beings, water resources are seldom 
priced to reflect their true scarcity, and their impacts 
remain an afterthought in many national food 
and energy security strategies.6 This is perplexing 
because the options to substitute other resources 
in place of water are very limited (compared with 
energy, for example, which can be obtained from a 
variety of sources), and globally available freshwater 
resources are essentially fixed.

FigURe 1  The multiple demands on water
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Note: WASH = water, sanitation, and hygiene.
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As a result, the absolute and relative popula-
tion, industrial production, and grain output at 
risk of water scarcity is rapidly increasing.7 Water 
pollution and degradation are accelerating, partic-
ularly in Africa and Asia, with potentially adverse 
impacts on human health.8 Groundwater depletion 
is reaching critical levels in large food-producing 
areas, particularly in parts of China, India, Paki-
stan, and the United States.9 Safe groundwater 
resources have been close to fully depleted in 
several Persian Gulf countries that, as a result, 
rely on energy-intensive desalination for water 
access. Globally, the water demands from agricul-
ture, municipalities, and industry are all expected 
to continuously increase, highlighting the need 
to improve both the efficiency and sustainability 
of water management strategies.10 Finally, water 
resource “stability” is also increasingly under threat 
from climate variability and climate change. Many 
of the world’s poorest countries are also those most 
subject to intra- and interannual variability of water 
resources.11

Even in areas of seeming water abundance, water 
can be out of reach for marginal groups as a result 
of poor access rights or underinvestment in supply 
systems that would make water widely available 
and affordable for all. Women are often excluded 
from water access, which they need for both domes-
tic and agricultural purposes, through restrictions 
on land tenure and water rights.12 And women bear 
the greatest burden of increasing water scarcity, 
because they are often responsible for water collec-
tion and can spend several hours a day on this task.13 
Consequently, poor and marginalized populations 
may have the most to gain from improvements in 
water access.

THE ROLE OF WATER FOR FOOD, 
NUTRITION, AND HEALTH

Water affects nutrition and health through several 
direct pathways, and supports agriculture and other 
livelihood functions through indirect pathways.

Direct linkages: Water, nutrition, and health
As the vector for many of the diseases that 
adversely affect nutritional status, water is one of 

the main pathways through which health and nutri-
tion interact. Malnutrition and health status are 
closely linked by biological processes in the body. 
Inadequate diversity and quantity of nutrients can 
lead to a suppressed immune system, making an 
individual more susceptible to contracting a dis-
ease and hampering recovery. Diseases can also 
cause symptoms that reduce nutritional status, for 
example, malabsorption of nutrients as a result of 
diarrhea, reductions in appetite or activity, and 
heightened nutrient requirements for fighting dis-
ease (Figure 2). Thus, the cycle of undernutrition 
and poor health status can be self-perpetuating 
unless interrupted.

The critical role of water, sanitation, and hygiene 
(WASH) in ensuring adequate nutrition and health 
has long been recognized.14 Water directly affects 
nutrition and health status primarily through diar-
rheal disease, nematode infections, and environmen-
tal enteric dysfunction (EED), an acquired disorder 
of the small intestine.15 Recent literature high-
lights how unsanitary environmental conditions 
may delineate a strong pathway to undernutrition 
through EED. The ingestion of fecal bacteria, a con-
sequence of poor sanitation and hygiene, has been 
hypothesized as the cause of EED, which includes 
symptoms like reduced absorption in the gut and 
chronic systemic immune activation. Recent studies 
have suggested that these changes lead to growth 
retardation in children, exhibited in the form of 
child stunting.16 Although the long-term effects are 
still under investigation, evidence suggests that the 
integration of EED prevention into nutrition pro-
gramming could provide a major advance in efforts 
to eliminate global stunting. Thus, improvements 
in WASH conditions—including access to clean 
water and toilets, improved handwashing practices, 
and reductions in exposure to fecal matter—could 
potentially improve child nutritional status.17

Diarrheal disease is the second leading cause of 
death in children under five, killing approximately 
760,000 children each year. Repeated incidence 
of diarrhea in the first two years of life appears to 
significantly increase a child’s risk of stunting.18 
Other water-related diseases—including schisto-
somiasis, malaria, and nematode infections—also 
have important impacts on nutritional status. These 

 rStt, iuStFSFfi, rin HtrlSH  35



diseases can all be mitigated with improved water 
management strategies.

Indirect linkages: Water for agriculture and 
livelihood activities
Water, nutrition, and health also interact through 
indirect pathways. Time spent collecting water far 
from the home, the purchase of expensive and some-
times unsafe water from vendors, and the contami-
nation of groundwater with heavy metals are indirect 
water-to-nutrition pathways that can prevent fami-
lies from providing safe environments and adequate 
childcare.19 In addition, since water is essential for 
multiple important activities—such as bathing, 
washing, handicraft making, cultural practices, and 
transportation—it can be central to quality of life, 
livelihoods, and income generation and thus to food 
security and nutrition.20 And, water’s indispensable 

role for crop, livestock, and fish production serves as 
an important indirect pathway for promoting nutri-
tion and health. Without reliable water access, food 
and nutrition security can be severely compromised.

Expanding and ensuring access to water for irri-
gation show promise for improving nutrition and 
health status. A recent study identifies five impact 
pathways linking irrigation to nutrition outcomes for 
Africa south of the Sahara.21

Irrigation as a source of greater diversity in available 
foods. Irrigation can substantially improve agricul-
tural productivity and crop diversity, and can often 
introduce a second growing season.22 Since the dry 
season is often the “hunger” season, creating condi-
tions for food production during the time of greatest 
resource scarcity can help prevent seasonal hun-
ger.23 Irrigation can also boost production of more 
water-intensive but nutritious crops, such as fruits 

FigURe 2  The infection–undernutrition cycle

Source: Adapted from UNICEF, Harmonized Training Package: Resource Material for Training on Nutrition in Emergencies (New York: 2007).
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and vegetables, and thus enhance dietary diversity. 
And research shows that on balance, irrigation low-
ers food prices, creating a net benefit for consumers 
since the majority of farmers are net food buyers.24

Irrigation as a source of income from market sales 
and employment generation, particularly in the lean 
season. Farmers engaged in irrigation can generally 
achieve higher crop yields, grow a greater variety 
of food under unfavorable climate conditions, and 
typically sell part of their product in markets. While 
essential for the dry season, access to irrigation tech-
nologies can improve water control and production 
levels even in the rainy season. With climate change 
and increasing rainfall variability, reliable water 
access for agriculture could provide an important 
source of resilience.

Irrigation as a source of improved water supply, san-
itation, and hygiene through multiple-use water 
systems. The causal links between poor WASH envi-
ronments and chronic undernutrition are still under 
investigation, although associative relationships 
have been found.25 Improving access to clean water 
sources for both agricultural and domestic uses can 
improve the sanitation environment within and 
around a household, potentially lowering the inci-
dence and prevalence of diarrheal disease. Reduc-
tions in exposure have the potential to improve 
affected households’ morbidity while also creating 
positive effects in terms of the disease burden in the 
surrounding community.26 Some evidence sug-
gests that reductions in the number of episodes of 
diarrhea in children under two years of age can also 
reduce the probability of stunting. Thus fewer expo-
sures to contaminants could bring benefits for child 
health and nutrition.27

Irrigation as an entry point for women’s empower-
ment through increased asset ownership, control 
over resources, and time. Given the substantial time 
burden women face in collecting water and caring 
for sick children, improvements in the proximity and 
cleanliness of water sources could support women’s 
empowerment. Depending on how time savings are 
used, it could also increase time available for child-
care, income-generating activities, or rest and leisure, 
which contribute to overall well-being. Depending 
on the targeting and implementation of irrigation 

development, proper engagement with women could 
also lead to their involvement in and control over 
income generation. Some studies have found that 
when women have greater control over income, they 
are more likely to invest in education, food, and 
health purchases than men.28

Irrigation as a potential source of health risks, reduc-
ing nutrition and health status. Despite the bene-
fits proposed above, poorly managed irrigation can 
lead to losses in productivity, nutrition, health, and 
women’s empowerment. Increasing the availability 
of water around the household could hypothetically 
introduce a vector for malaria, dengue, schistoso-
miasis, cholera, dysentery, and other diseases, if 
preventive measures are not taken. The association 
between mosquito-transmitted diseases and irriga-
tion depends on a multitude of factors, including the 
type of water source (surface or groundwater, mov-
ing or stagnant), water management and application 
practices, the presence of livestock, socioeconomic 
status, local resistance, and vector control programs. 
Research on the question of whether irrigation 
increases malaria prevalence has had mixed results; 
while some studies suggest that dam construction is 
associated with higher malaria transmission, others 
find this to be the case only where there is low resis-
tance and no control mechanisms are in place.29

There are also some concerns about whether 
irrigation can increase exposure to pollution, espe-
cially pesticides; some research has found greater 
occurrence of headaches and blurred vision in irri-
gation workers.30 However, all of these risk factors 
already occur in standard agricultural practices and 
can be mitigated with proper management, such as 
the careful handling of pesticides, malaria control 
mechanisms, and improvements in sanitation and 
hygiene practices.

BALANCING RISKS AND BENEFITS

Balancing risks and benefits requires strengthening 
the positive pathways among water, food, nutrition, 
and health, as well as implementing and monitor-
ing well-designed risk mitigation measures. A bal-
anced approach is illustrated, for example, by the 
World Health Organization’s recommendation 
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for malaria-ridden countries, which calls for inter-
mittent rather than daily iron supplementation for 
young children. Since iron increases susceptibility 
to malaria, supplementation can potentially lead to 
a net negative effect for morbidity and mortality.31 
Likewise, increasing irrigation access can introduce 
new vectors for disease transmission, for example 
through freshwater snails that cause schistosomi-
asis. Thus, irrigation interventions must be sensi-
tive to both health and nutrition. Risk mitigation 
requires standard health education and promotion 
of complementary water management practices, 
such as avoiding standing water during mosquito- or 
snail-breeding seasons.

Benefits and costs of irrigation for food security, 
health, and nutrition will depend on highly variable 
local contexts, including water sources, scarcity, and 
distribution, as well as the scale of irrigation sys-
tems. Tradeoffs for sustainability will also have to 
be assessed within the local context. For example, 
large-scale irrigation technologies might require 
large pumping systems that increase energy use to 
the detriment of the environment; however, these 
same systems might also lower global food prices 
and reduce deforestation by raising yields, to the 
benefit of food and nutrition security.32 Small-scale 
irrigation is possible with manual pumps, but these 
can be labor intensive, with adverse effects on food 
security, women’s empowerment, nutrition, and 
health. Large-scale dams may bring immense ben-
efits in terms of irrigation for agriculture or hydro-
power but can introduce adverse environmental 
consequences, such as sedimentation, eutrophica-
tion (that is, nutrient runoff that causes excessive 
plant and algae blooms), salinization, and disruption 
of fisheries and ecosystems, with a myriad of associ-
ated nutrition and health consequences. Thus, when 
considering irrigation development, a comprehen-
sive set of benefits must be weighed against all costs, 
including those to the environment.

The water source also shapes the benefits 
and risks associated with irrigation systems. In 
water-scarce areas, wastewater is often repurposed 
for irrigation, a practice that can introduce patho-
gens to water consumers and agricultural work-
ers. However, substantial progress has been made 
toward properly treating, applying, and testing water 

under these circumstances to avoid harmful effects.33 
Microirrigation technologies—such as drip and sub-
surface irrigation—have been identified as effective 
methods for increasing water use efficiency, reducing 
exposure to potential contaminants for workers and 
consumers, and mitigating salinization.34

WHAT NEEDS TO BE DONE

Evidence is still limited regarding the pathways by 
which water affects nutrition and health, especially 
indirect pathways such as crop and livestock produc-
tion, women’s empowerment, and environmental 
conditions. Despite the fact that many transmissible 
diseases in developing countries are attributable to 
poor water quality and management—and agricul-
ture represents the main consumer of water—prac-
titioners rarely coordinate WASH, nutrition, and 
agricultural interventions. Poor integration is per-
petuated by “silos” within agencies, administration, 
and objectives that hamper cross-sectoral research. 
In addition, researchers face challenges in testing 
complex and interdisciplinary interventions, which 
require large sample sizes in each of several treat-
ment arms.

At the same time, sustainable solutions to under-
nutrition will need to incorporate attention to 
both water and agriculture. The 2013 Lancet series 
on maternal and child nutrition estimated that a 
90 percent increase in coverage of evidence-based, 
nutrition-specific interventions could reduce stunt-
ing in the highest-burden countries by only about 
20 percent. More integrated approaches are there-
fore necessary to generate impact.35 The preven-
tion of stunting and disease are highly sustainable 
outcomes in and of themselves, since their impacts 
last a lifetime and have additional positive conse-
quences for generations. By ensuring proper water 
management and access, chronic undernutrition 
and diseases can potentially be prevented, while also 
improving diets, livelihoods, and sustainable and 
equitable water usage.

Improved water access and management, how-
ever, must not be viewed as a panacea for sustainable 
food, nutrition, and health outcomes. To ensure that 
policies are able to contribute to multiple objectives, 
a number of other factors must be taken into account. 
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First, balancing multiple objectives for water will 
be challenging in a world facing shifts in rainfall 
patterns, temperatures, drought, flooding, other 
extreme weather events, and growing industrial 
and private demand. Expanding irrigation without 
proper water management strategies could lead to 
greater water scarcity and even conflicts over usage 
rights. Potential strategies to mitigate these chal-
lenges include

 X institutional reforms to improve the efficiency 
of water distribution by the public sector, farmer 
organizations, and the private sector;

 X internalization of water use externalities through 
water markets;

 X introduction of economic incentives for water 
management, such as water prices, taxes, subsi-
dies, quotas, and ownership or use rights;

 X investments in traditional infrastructure (such as 
dams) and nontraditional technologies (such as 
green infrastructure) to improve the sustainabil-
ity of resource exploitation; and

 X improvements in the conveyance, distribution, 
and application efficiency of irrigation systems.36

Improving the WASH environment in and 
around the household cannot be fully achieved 
through reliable water access alone. Behavior 
changes in areas such as handwashing, use of latrines, 
disposal of child feces, and open defecation may be 
required at the community level to generate positive 
impacts for nutrition. Furthermore, livestock man-
agement to reduce children’s exposure to animal 
feces and prevent contamination of water sources 
must be addressed. Ensuring that water is adequate 
for consumption through testing or point-of-use 
treatment is required in multiple-use water systems. 
To enhance program impact, policymakers need 
to consider complementary interventions, such as 
behavior change communication that spans agricul-
ture, nutrition, and WASH.

Access to services, notably credit and markets, 
that contribute to the success of irrigation projects 
must also be considered. Adoption of small-scale 

irrigation systems, used by a single household or a 
small group of households, often hinges on access to 
credit. But financial services in developing countries 
often are weak, do not reach rural households, are 
not gender sensitive, suffer from high interest rates, 
and lack sufficient capacity to provide credit for all. 
Increased access to microfinance for both men and 
women could help farmers in the adoption of irri-
gation and other complementary inputs to improve 
farmers’ livelihoods. Moreover, irrigation interven-
tions to promote the production of fruits and veg-
etables, which often have short shelf lives, should 
be accompanied by plans to connect producers to 
reliable markets, so that incomes are maximized and 
food loss and waste is reduced.

Finally, agriculture projects that aim to improve 
nutritional status should not be conducted at the 
expense of evidence-based, nutrition-specific 
interventions. When used complementarily, 
both nutrition-sensitive water interventions and 
nutrition-specific interventions could compound 
benefits to individuals. For example, interventions 
to ensure adequate and diverse complementary 
feeding practices for children six months to two 
years old could be integrated with the promotion 
of crop diversity in irrigated agriculture through a 
source that also provides safe drinking water. Adopt-
ing both a nutrition- and water-sensitive approach 
to program development can maximize benefits 
for individuals.

The benefits of coordinating water, nutrition, 
and health interventions promise to be substantial. 
To properly evaluate the returns to linking inter-
ventions in these sectors, research must rigorously 
examine nutrition and health indicators through 
the lenses of both agriculture and water. This will 
require coordination across disciplines by research-
ers, policymakers, and project implementers. At the 
policy stage, coordinated efforts by practitioners in 
the water, nutrition, agriculture, health, and environ-
ment sectors can ensure that long-term sustainabil-
ity is achieved through a necessary balance between 
human and environmental objectives. ■
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