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Abstract and Keywords
Society’s greatest use of water is in food production, a fact that puts farmers centre stage
in global environmental management. Management of food value chains, however, is not
well set up to enable farmers to undertake their dual role of feeding a growing population
and stewarding natural resources. This chapter introduces an analytical framework by
which food, water, and society can be investigated. Food value chains comprise three
market modes: production; trade and process; retail and consumption. The model
demonstrates the interfaces between blue water, green water, virtual water, polluted
drainage, and evapotranspiration. By categorizing social, cultural, and political influences
on the three market modes the framework enables integrated analysis of food, water, and
society . The combined management of food and water through redesign of food value
chains emerges as a key challenge for the twenty-first century.
Keywords: Food systems, diet, food value chains, food politics, virtual water, water footprints, agriculture
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The Main Idea
The premise of this book is that society’s greatest use of water is in food production;
therefore, behaviour relating to food value chains is the principal means by which society
influences global water resources. Consequently, the management of food and water are
inseparable as key priorities in the twenty-first century.
Any statement that sums up such a wide topic in so few words invites critical assessment
and that is the purpose of this book. Water provides an important perspective on human
interaction with the environment. Water is the lifeblood of both systems—human society
and the natural environment—and therefore holds particular potential for an
investigation into the interaction between the two. Water has significance across human
endeavour, being crucial to food production, industry and daily life. Water also conveys
the impact of a human intervention on the environment beyond its initial geographical
point of contact.
The intersection of food and environmental systems lies at the farm, giving farmers a
particular prominence in the analysis that follows. Farmers do not work in isolation
however; they are actors in both the food system (along with commodity traders,
consumers, and regulators) and in the environmental system (along with other users,
water managers, and regulators). The duality of the role that farmers take can be
expressed as two functions that they undertake on behalf of society. Farmers feed us, and
farmers act as environmental stewards on our behalf. The complex challenge of
incentivizing and rewarding these dual roles is the central theme of this book.
These issues are self-evidently political, but not only political. There is as much a risk of a
reductionist political perspective, detached from the complex reality of farming and water
resource management, as there is a risk of framing a technical perspective that
disregards the politics. The real prize lies in investigating the interface of the political
and technical issues running through food water and society. This interface needs to be
probed in detail and the findings then need to be communicated in language that engages
both those with political and those with technical perspectives on the debate. While the
wealth of this investigation will lie in the detail, we acknowledge that there is a wider
context of change that is disrupting the established relationships between consumers and
producers in the food value chain.

A Context of Change
The arrangements for food production are subject to a number of concurrent and
interconnected processes of change. These drivers of change will be discussed
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throughout the book, but at this point demographic, climate, and political changes can be
identified for particular attention.
It would be disingenuous to start anywhere other than the observation that under current
conditions nearly 800 million people are chronically hungry and two billion suffer from
some form of malnourishment (FAO, 2016), and, of course, that demand is growing. And
yet, for the first time in history, there are now more people overfed and obese than
hungry (Paarlberg, 2013). Population estimates from UN-DESA give a global figure of 11
billion for 2100, of whom 4.1 billion will be in Asia and 4.3 billion in Africa. This
represents a sharp revision upwards in the estimated figure for Africa, undermining
aspirations for Africa’s role to be a major exporter to other parts of the world, and
demands a reevaluation of global projections that underpin food value chains. The African
trajectory—doubling in 26 years—contrasts with the demographic trajectory of China
which rose from 0.5 billion in 1950, to 1.4 billion in 2015 and could fall to 1.0 billion in
2100. (UN-DESA, 2015). China’s exceptional social controls have by 2015 accounted for a
reduction in global water demand of about 0.4 billion people accounting for a reduced
global water consumption by 5 percent.
The population shift away from agriculture towards urban employment has an impact at
each stage of the food value chain. Larger urban populations are creating greater
concentrations of demand for food and diets are changing according to the increasing
wealth of urban residents. Fewer farmers are producing more food—a trend that began in
the 1700s and is set to continue. In the United States the number of full time farm
managers1 fell from 1.2M in 1982 to 1.0M in 2012. The average age of farm managers in
the United States rose from 50.5 to 58.3 over the same period.2 Rural to urban population
is also increasing the ratio of female to male operators in farming, most markedly in the
Middle East and North Africa. Between 1980 and 2010 Syria saw a rise in the percentage
of female farmers from 32 percent to 61 percent; Libya from 37 percent to 70 percent
and Iran from 25 percent to 46 percent (Slavchevska, Kaaria, and Taivalmaa, 2016).
These changes are creating new patterns in the relationships between urban and rural
residents. The social contract between society and farmers also aligns as a contract
between urban and rural residents. One impact of these changes is a population that is
increasingly unfamiliar with primary production in food value chains—there is more
fishing and farming taking place, but society is increasingly unfamiliar with what these
activities entail. This has real impacts on food value chains and hence on water demands
—for example consumers taking less regard of seasonality in menu planning driving
unseasonal farming and hence water use, as with Southern Spain’s year round
strawberry market for the European market (BBC, 2011).3
Climate change has produced some stark predictions about impact on agriculture but
these are subject to considerable uncertainty. Increasing temperature and increasing
climate variability are expected to have a negative effect on crop yields (and price
stability) overall, although some regions are expected to gain under this outcome (IPCC,
2014). However, IPCC models of future rainfall do not converge and are unhelpful in
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predicting the location, volume, and intensity of rainfall events. The relevant scale of
analysis when analysing water resources in the food system is not global; it is the local
river basin. The nature of a river basin—its location, geographical alignment, its terrain,
and the political economy which society has installed in it—are all relevant to
understanding, using, consuming and stewarding water resources. In almost all major
river basins some models predict lower rainfall and others predict higher rainfall
(Gosling, et al. 2011). In this regard, the ensemble approach, which integrates models
that predict contradictory outcomes, is not helpful to food-water managers and
policymakers.
The impact of food production on climate makes an important contrast to the impact of
food production on the two other main fields of global environmental concern: water and
biodiversity. Greenhouse gas emissions have an impact globally as a result of the mixing
of the atmosphere. The impact of water and biodiversity, by contrast, are important in
their local context. However, it is the international nature of food value chains that
requires that we have a global perspective on the analysis of food and water. A paradox
exists in approaches to tackle these problems. The SDGs and Paris climate agenda call for
international collaborative efforts; however the international global mood, as evidenced
by United States withdrawal from the Trans-Pacific Partnership and the Paris climate
accord, and the United Kingdom withdrawal from the European Union, is more one of
isolationism and protectionism. But the challenge here is not simply the mobilization of
multilateral collaboration but also coordinated action across governments on policy for
food, trade, and environmental priorities including water. UNEP’s ‘green economy’ has
enabled a discourse to emerge over the type of collective measures that could be taken in
this regard should collective political will materialize to prioritize these issues
(Brockington, 2012; UNEP, 2011).
Another important change
that can be identified at
the start of our
investigation is the trend
in international food prices
in the global food system.
Global food prices show a
long-term pattern of
decline (see Figure 1), with
intermittent spikes that is,
Click to view larger
arguably, set to continue
Figure 1 Real food prices 1957–2016 (2010 = 100)
(Baldos and Hertel, 2016).
Note: Nominal food prices deflated by the US GDP
The editors of this volume
deflator. Data from the IMF.
posit that a political
imperative for low food costs exists that provides a context in which farming and food
production need to be understood. This book aims to explore the duality by which
economic fundamentals drive food prices, but do so within an overall political expectation
that they will have a downward trajectory. Both the long-term decline in prices and the
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Figure 1 Real food prices 1957–2016 (2010 = 100)
Note: Nominal food prices deflated by the US GDP deflator. Data from the IMF.

Figure 2 Groundwater depletion for the year 2000 (mm/year).
Source: Wada et al. (2010)
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short-term spikes have complex feedbacks with society rather than simple models of
causality. Conflict can cause food prices to rise (as has been observed since ancient times
(Tzu, 1971)) and yet food prices can themselves act as triggers for social unrest as
numerous countries have experienced in the Middle East since the 1970s (Rosenberg,
2011).
But what are the impacts of these multiple processes of change on water? Again, the
situation is changing in complex ways in different parts of the world, but a few
preliminary observations can be made. As we shall see, water use for irrigation is the
main (but not exclusive) driver of water stress. Wada et al. (2010) estimate global
groundwater overabstraction (in subhumid and arid regions) as having risen from 126
(±32) km3 per year in 1960 to 283 (±40) km3 per year in 2000. This figure represents 39
(±10) percent of the global annual groundwater abstraction and 2(±0.6) percent of the
global annual groundwater recharge. While the global figures are alarming, the most
significant impacts are concentrated in ‘hotspots’ around the world with some aquifer
levels dropping in excess of 300 mm per year, as shown in Figure 2. Surface water has
similar over-abstraction hotspots as evidenced by the drying of the Aral Sea, Lake Chad,
and Lake Chapala in Mexico; or by the near exhaustion of discharges to the ocean from
major rivers such as the Colorado, Murray-Darling, Nile, and Yellow (UNESCO, 2009).
All of the dynamics we
have identified here will be
explored in detail,
particularly in the third
section of the book which
investigates trends in food
and agriculture region by
Click to view larger
region. At this stage the
Figure 2 Groundwater depletion for the year 2000
critical point is to identify
(mm/year).
that the food system is
Source: Wada et al. (2010)
being driven to change,
and demands our attention
on that basis. The management and regulation of food value chains lies centre stage in
this process of change and consequently provides an essential focus. To this end, we now
turn to consider our analytical framework which will enable an analysis of society’s
concurrent interaction with food and with water.

Analytical Framework: Two Systems
Intersecting on the Farm
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For the book to address the intersection of two systems—the food system in the political
economy and water system in the natural environment—an analytical framework is
needed that encompasses both systems in compatible terms. The model shown in Figure 3
combines a schematic flow diagram for physical water in the natural environment and for
‘virtual water’ as the commodities in which it is ‘embedded’ progress through three
stages of a food value chain. Virtual water is a term for the water consumed in the
production of food (evapotranspiration from the crop) (Allan, 1998). For meat products,
the term refers to the total evapotranspiration that occurred in the plants that provide
the feed of the animal from which the meat comes. This flow diagram of water and virtual
water provides a framework in which the social and political influences of society on food
and water flows can be discussed.
Figure 3 illustrates three main phases in the journey of water, then virtual water, from the
farm to the consumer. This book introduces the idea that food value chains operate in
three market modes between the farm and the consumer. These modes are (1)
production, (2) trade and processing, and (3) retail and consumption. Of principal interest
in our analysis of food, water, and society is how the market decisions made in each
market mode are subject to society’s social and political preferences, and how collectively
the markets influence farm practice and water management.
Real water is shown in the model in its blue and green forms on the farm and within the
environment off the farm. It is shown as evapotranspiration on and off the farm returning
to the atmosphere; and in polluted flows from the farm, industry or municipal use
returning to the environment. UNEP (2011, p. 118) follows Molden (2007) with the
following definitions: ‘Green water refers to rainwater stored in soil or vegetation, which
cannot be diverted to a different use. Blue water is surface and groundwater which can
be stored and diverted for a specific purpose.’ Real water in the model can be understood
as entering the model on the left as rain (R) and flowing to the right, departing the model
either as evapotranspiration (ET) (on or off the farm) or out to sea (Z).
Virtual water ‘flows’ are shown ‘flowing’ through the three market modes and are marked
V1, V2, V3. Virtual water lost in food waste in the three market modes is marked FW.
Virtual water in imported and exported food (in market mode 2) is shown as VIMP and
VEXP.
The farm is the point where the two components of the model meet. The farm produces
food commodities in market mode 1 of the food system model and the agricultural
element of the physical water model. The key point of equivalence in the meeting of the
two systems is that the evapotranspiration from crops (flow ETB) is the flow represented
by virtual water entering the food system (flow V1 and FW1).
Rain falls on the farm (RAG) or off the farm (RENV). When rain falls it either infiltrates into
the soil as Green Water (GAG and GENV) or runs off and collects in channels as Blue water
(BAG and BENV). Water that has infiltrated into the soil profile may seep into water courses
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or into aquifers (BAG and BENV), or may be drawn up by plants as evapotranspiration (ETB,
ETNB or ETENV). The flows of water in the model are colour-coded in the five categories
shown on Table 1.
Table 1 Types of water in the natural system and in the food system (see Figure 3)
Water Category

Flows as labelled on the model

Water in the
atmosphere: rainfall
and evaporation

RAG rain that falls on farms. (This either infiltrates and is
available as green water on the farm GAG; or runs off into
channels and ponds as Blue water, BENV. If not collected and
used this water may become polluted farm drainage, D.)
RENV rain that falls away on farms in the environment. (This
either infiltrates, becoming green water in the environment
GENV; or runoff becoming blue water in the environment
BENV.)

Water in the soil:
‘green water’

GAG soil water on the farm
GENV soil water off the farm

Surface water and
aquifers: ‘blue
water’

BAG freshwater on the farm in ponds, streams, aquifers
BENV blue water off the farm. (This water assimilates
pollution flows at points BENV2, BENV3, BENV4, BENV5.)
IR. blue water diverted to the farm for irrigation
InS Water supply to industry. (INS1 to nonfood industry; INS2
to market mode 2; INS3 to market mode 3).
MS Water supply for municipal use.
Z Outflow to the ocean.

Polluted water

D. Farm drainage
INS Water supply to industry. (INS1 to nonfood industry; INS2
to market mode 2; INS3 to market mode 3).
MS Water supply for municipal use.

Virtual water

V1. ‘Outflow’ from market mode 1 to market mode 2.
V2. ‘Flow’ within market mode 2
V3. ‘Flow’ in market mode 3—food purchased for
consumption.
FW1, FW2, FW3 Virtual water in food waste from market
modes 1,2,3
FW3a, FW3b Virtual water in food waste in retailers and
domestically
VEXP Virtual water ‘exports’ in market mode 2
VIMP Virtual water ‘imports’ in market mode 2
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Click to view larger
Figure 3 Water and virtual water analytical
framework
See Table 1.
Note: Global average environmental flows would be
larger than as shown on this graphic. (See Mekonnen
and Hoekstra, 2010; Molden, 2007; Oki and Kanae,
2006) for data on flows).

Where the water is used
by society, but not
consumed, then it is
returned to the
environment generally in a
polluted form. These
polluted return flows
include farm drainage (D)
and industrial and
municipal return flows
(INR and MUR). The
polluted flows are shown
in brown reverting to blue
as the pollution disperses
and breaks down in the
environment.

The model as shown on
Figure 3 is an idealized single catchment and a single food value chain. The relative
weighting of the managed flows is informed by ratios derived from global figures, but the
environmental flows would be larger for a global picture (see Dent in this volume).4 The
idealized nature of this representation belies the complex interrelations of real water
use.5 Most significantly, this model gives a representation of a global pattern, which is not
replicated at basin scale—all basins being different. This book gives an entire section
over to the diversity of hydrological conditions and political economies in the real world—
diversity not captured in a single generic graphic model.
A particularly significant shortcoming of the model is the appearance of steady state
flows, when in fact it is the variable nature of availability and demands for water that is a
fundamental challenge of water management (as any farmer will tell you). Dryland
ecosystems show a high degree of variability in the availability of water, so the issue of
variability becomes more significant in contexts of overall scarcity.

Food system: Virtual water passing through three market modes
First market mode: Production
• Physical Inflows: GAG, BAG, IR
• Physical outflows: D (runoff/Drainage), ETB, ETNB (beneficial and nonbeneficial
evapotranspiration);
• Virtual water in food waste on the farm: FW1;
• Virtual water ‘outflows’: V1.
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Figure 3 Water and virtual water analytical framework
See Table 1.
Note: Global average environmental flows would be larger than as shown on this graphic. (See Mekonnen and
Hoekstra, 2010; Molden, 2007; Oki and Kanae, 2006) for data on flows).
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The first market mode is the food production mode. This market is the most significant
mode with respect to the volumes of food-water managed and consumed by society’s
farmers. This market is where the dual functions of food production and environmental
stewardship are undertaken. The complexity of farm practices and market engagement
by farmers in providing food and stewarding natural resources ultimately makes a
distinction between the production and stewardship impossible. In order to reward the
farmer for these critical production and stewardship services this market tends to be
heavily ‘managed’ by governments which deploy a diverse range of legislative constraints
and subsidies to guide farmer behaviour. This market mode lacks an effective means of
accounting for key inputs such as water and soil and the costs of depleting them. Food
production by farmers accounts for about 92 percent of the water footprint of society
(Mekonnen and Hoekstra, 2010, see discussion below).
One framing of this market mode can be understood in terms of the failure of
environmental externalities to be captured within the food value chain (e.g. McMahon et
al., 2011). The issue is made more complex by the fact that environmental impacts of
farming are both on farm and off-farm, so this question is contingent on what position is
taken on responsibilities for environmental impacts downstream.
Assuming the ‘polluter pays’ principle (UN, 1992) then farmers would be responsible for
downstream environmental impacts of their activities. These costs are routinely
unaccounted for in food prices. In reality, a level of agricultural pollution is tolerated by
society and it is those who require cleaner water who pay for clean-up in, for example,
the water treatment costs of domestic and industrial supplies. Where schemes are set up
to pay farmers in a direct exchange for environmental enhancement, such as reducing
pollution in farm drainage, then the schemes are known as Payment for Ecosystem
Services (PES). The stewardship role that farmers play goes far beyond managing the
impact of water pollution. They are also the chief custodians of landscapes, soils, and
biodiversity, managing significant social, natural and cultural capital.
An appreciation of the complex diversity of farm activities and functions is fundamental to
understanding the behaviour of the first market mode. A farmer may appear to be failing
to maximize returns on water but this might be because water may not be the key factor
on his return on investment. It may be a more costly constraint such as labour or the
availability of his or her own time where efficiency gains bring greater reward. The
farmer’s principal objective is to make a living and so prioritization of the diverse roles he
or she takes for society needs to be seen in that light.
Second market mode: trading, processing and distribution
• Virtual water ‘flow-in’: V1
• Virtual water ‘flow-out’: V2;
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• Virtual water ‘exported’ to other economies: VEXP;
• Virtual water ‘imported’ from other economies: VIMP;
• Virtual water in food wasted: FW2.
The second market mode relates to the processing, trade, and distribution of food. This
market uses only small volumes of blue water for washing and processing food, only a
tiny fraction of which is consumed.6 Its most significant impact on overall water resource
use relates to the demands it has for virtual water in the commodities it buys from
farmers and in the degree to which the food commodities which it handles are lost as
wastage and not passed on to consumers. The second market mode stands out in the
degree to which most of the inputs, including rents and the costs of labour, technology,
and insurance, are fully costed. This market generates profits by adding value to
products, thereby also providing tax revenues. The transport and storage provided in this
mode smooth the interface between the seasonality of production in the first mode and
the relatively constant demands in the third mode. This market mode has a complex
interface with the first market mode as a result of its international nature and the
doubling back to the first mode where animal feed is processed and traded and then
returned as an input in primary production.
Overall, only about 15 percent by tonnage of world food production is traded
internationally (Aldaya et al., 2008). Understanding this market mode therefore requires
a dual perspective: addressing what takes place within national contexts, or trading
blocks, and what takes place internationally. The performance of national markets varies
from country to country with specific social, political, and economic influences. The
international market operates with less overt regulation but is operationalized by a small
number of global trading houses that handle the risks of international trade and are
increasingly aware of the need to promote responsible and environmentally sensitive
practices (see Hausmann in this volume.)
While the international food commodity trade is small overall (flows VEXP and VIMP in
Figure 3), it is nevertheless highly significant in several ways. First, it is very effective in
enabling about 160—out of the total of 220 economies world-wide—to be net food
importing, water-scarce economies accessing the surplus green water in eight major food
commodity exporters (Kivela, 2013). Secondly, it plays a role in making affordable food
available across the world. Thirdly, it provides an escape for countries reaching absolute
limits of domestic food production constrained by water scarcity. Fourthly, this trade
provides price signals that influence production. It is this ‘trade’ in virtual water that
explains why water scarcity has not led to armed conflict between countries that have run
out of water (Allan, 2001). Peace is enabled by virtual water ‘trade’; virtual water ‘trade’
is enabled by nations being at peace.
A downside of this ‘trade’ however is to compound the disconnect between producers and
consumers. We have observed the diminished awareness and knowledge of consumers
about the impacts of food production. The global nature of this trade means that the costs
of ecosystem impairment and other social costs may be externalized as a result of
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consumers and producers being in different legal jurisdictions, different political
economies, and different cultures. These costs are all borne by the food exporting
countries. They are invisible partly because they are not accounted for. This condition is
compounded by the fact that farm-gate prices may be strongly influenced by public
subsidies. Since the 1950s one of the consequences of high levels of farm subsidies in the
United States and the EU, together currently totalling about $90 billion /year, has been a
decline in global prices of grain.
As such, we see that the interface between the international market in mode 2, and the
domestic operation of market modes 1 (producers) and mode 3 (retailers and consumers)
requires particular attention in understanding food value chains. The price spikes in 2008
provide a case in point: a number of countries took measures domestically to protect their
own national food markets, but these measures had unforeseen consequences, creating
the perception of scarcity on the international markets in mode 2 (Piesse and Thirtle,
2009).
Third market mode: retail and consumption
• Virtual water ‘flow-in’: V2,
• Wastage: FW3a (retailers), FW3b domestic;
• Virtual water in food retailed to consumers: V3
• This is the terminus of the virtual water flow in the food value chain.
In the third market mode food is sold to consumers. Given the universal and fundamental
need for food, a political imperative exists to provide affordable food for citizens on low
incomes. Indeed food is generally provided for free as a human right in major crises. A
continuum exists comprising free, subsidized, and openly traded food. Policy differs from
one society to another. In the United States, welfare systems operate with food stamps to
the value of $76 billion a year at the time of writing. Populations are generally highly
sensitive to increases in food prices as Middle East experience has shown. Overall, the
combination of subsidies and direct payments means this is another heavily managed
market. As will be discussed below, this market is subject to social and cultural influence
associated with diet, and the political influence of public awareness and food safety
controls.

Real water—A focus on the farm
As we have seen, rain that falls on the farm (RAG) provides soil water (Green water: GAG)
that is available to crops. Where this supply is inadequate it may be augmented by
diverting blue water from elsewhere to be applied to the fields as irrigation (IR). Both
rainfed and irrigated crops produce runoff that returns to the environment in a somewhat
polluted form (D) and is available for use downstream.
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The model illuminates the role of the farmer who has an influence over the flows shown
at four key points at which flows are split or change from one category to another:
1. Farmers can influence the degree to which water that falls as rain infiltrates into
the soil profile (flow RAG divides to flow GAG and BAG). This is governed by factors
such as the soil type, slope, and distribution of rainfall, but farmers can moderate the
ratio according to planting patterns, soil preparation, and other factors. Water that
infiltrates into the soil is available as green water for plant growth.
2. Farmers, working with water management authorities, control the volume of
additional water that is brought on to the farm and applied as irrigation (IR).
3. Farmers influence the fraction of water that is beneficially consumed in food
production (flow ETB) and lost in nonbeneficial evapotranspiration (flow ETNB).
Beneficial evapotranspiration corresponds to uptake of virtual water (flows V1 and
FW1).
4. Farmers also influence the quality, quantity, and flow regime of water that flows
downstream from the farm (flow D). Flood flows during and after rain are an
important element of this farm drainage. Agricultural drainage accounts for some 53
percent of global blue water pollution (according to the water footprint method of
Mekonnen and Hoekstra, 2010).
A farmer may manage these flows to improve yields, save costs, benefit downstream
water users, or a complex combination of these objectives. Farmers influence these flow
ratios rather than control them. It is really a matter of managing the variability
associated with the weather. The approach the farmer takes to management and cropping
has an influence across all of these flows. Real control of a flow is relatively limited—such
as the frequency of applying irrigation—but even this level of control has its limits, as
becomes clear in times of drought.
An important implication of the complexity of water management on the farm is that
stewardship activities are not always easily disaggregated from food production
activities. The design of appropriate incentive structures for stewardship activities is
therefore not a straightforward matter. The assessment that market mode 1 is failing in
regard to the environmental externalities of farming needs to be set in context that to
some degree there are two ‘markets’ at play here: the heavily managed market for food
and the as yet incipient market for ecosystem services (Engel et al., 2008).
Globally water used for irrigation (Ir) accounts for some 69 percent of all blue water use
(Ir + INS + MS) (FAO Aquastat 2017), however the global figure belies the variability from
context to context as Figure 4 indicates below.7 Irrigation (IR) is applied when the
agricultural demand for water (ETB) outstrips the availability of green water (GAG) at the
time it is needed for plant growth. The resulting variability of blue water demand for
agriculture sets the background for the discussion of water scarcity hotspots that will be
covered later in this book.
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Figure 4 Total freshwater
withdrawals for agriculture.
(Source FAO Aquastat, 2017).

Municipal and industrial water use
Municipal and industrial water use is almost entirely nonconsumptive. Water is returned
to the catchment after use. This water is important because of the significance to society
and to the economy of its use. The infrastructure used for allocation, treatment,
distribution, collection, treatment, and disposal of blue water for industrial and domestic
demands is considerable. Industry accounts for some 19 percent of global blue water use
(FAO Aquastat, 2017). Municipal demands account for approximately 12 percent of global
blue water use (FAO Aquastat, 2017). Water footprinting methods allocate a figure of
approximately 0.5 percent of water consumption each for municipal and industrial
demands and 4 percent of global water footprint each as a consequence of their pollution
impact (Mekonnen and Hoekstra, 2010).

The Influence of Society—Cultural, Social and
Political
This chapter opened with the observation that water runs through all of human
endeavour. Society has cultural and social as well as political economy dimensions.
Having identified some categories of flows of water in order to enable our investigation
we now need to break down the influence of society into manageable component parts for
the same reason.
Arguably the most significant cultural influence on the three market modes comes in the
decisions society makes regarding diet. What we eat influences what farmers grow and
the food choices are mediated via the three market modes. And yet the profoundly
cultural process of food choice cannot be disaggregated from political and economic
questions. At this point some clarification of terminology is needed. Paarlberg (2013), in
his widely cited book Food Politics, provides some useful clarifying language which helps
us cope with the social and the political domains. He conflates the social and cultural
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influence—that is the choice of individuals and of society—and distinguishes this
conflation from political influence, the action of organized groups in relation to
government. The following example illustrates the dichotomy:
“Food politics is not just social contestation about food, but political contestation
to shape the actions of government. If you and I have a personal disagreement
over the wisdom of eating junk food, that is not food politics, but if you and your
allies organize to advocate for new government regulations on junk food (for
example restricting what can be served in public school cafeterias) the
disagreement becomes food politics.”
(Paarlberg, 2013, p. 8)
Cultural and social questions are closely interrelated and refer to decisions, behaviours,
values, and understandings held collectively by groups of people (Thompson et al., 1990).
Mason and Lang (2017) identify a useful continuum to understand social and cultural
influences with regards to food choice:
“Many social factors determine people’s food and nutrition intake. Soft cultural
factors such as the norms, meanings and assumptions that imbue food in everyday
life mix with the harder socio-economic factors such as income, class. . .”
(Mason and Lang, 2017, p. 169)8
For the purpose of our study we talk in terms of cultural or social preferences as being
expressed by society or a group within society. Within these we acknowledge cultural
factors as more closely associated with shared values and collective worldviews. Social
factors are more concrete influences on collective behaviour. The two are, of course,
strongly interlinked. Political questions, by contrast, relate to the expression of power
either by an organized collective group or by an organization.
Political power may be the expression of social or cultural preferences—as is the
democratic ideal. Or it may be a variation or a distortion and in conflict with social
preferences. Paarlberg’s example above refers to civil society organizations and
government as political actors, but this group needs to be expanded to include corporate
actors—having as they do market power—to act as an organization and to exert power.
The choice of products purchased according to dietary custom is a social or cultural
dynamic. It is power and organization that make an argument political rather than
cultural or social.
Choices made in market mode 3 are highly influenced by culture, given the cultural
significance of diet in society. Political and economic factors are also important, such as
the market and regulatory forces that ensure the availability and affordability of food and
of information about it. The economic power of consumers is another critical factor in
decision making in this market as the book will discuss.
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The market mode 2 is, to a significant degree, out of the public eye. Corporations
understand these dynamics and of course focus attention on meeting society’s
expectations in market mode 3. Corporations promote brand names that appear on the
supermarket shelf (market mode 3) rather than the names of corporates trading
commodities (market mode 2). At times information about market mode 1 is presented to
consumers in market mode 3, drawing on the interest some consumers have on the
impact of their purchase in social and environmental issues amongst primary producers
(market mode 1). Whilst drawing on social and cultural analysis, the foregrounding and
backgrounding of information on food and water by corporations and by governments are
an exercise of power and organization and are therefore political acts.
Cultural influences also have a particular significance in market mode 1 in terms of
farmer behaviour. James Rebanks’s (2015) personal account of sheep farming in
England’s Lake District illuminates the influence of decision making based on long
established cultural norms. Rebanks identifies with the landscape as one handed down to
him through generations ‘since Viking times’. Associated with this cultural identity are
deeply embedded ideas of the ‘right way of doing things’. Vedeld et al. (2003) identifies a
similar dynamic in which shared notions of ‘good agronomy’ influence the behaviour of
Norwegian farmers. Cleaver (2000) talks in terms of a ‘moral ecological rationality’ to
describe the shared values associated with land use amongst Zimbabwean farmers.
The significance of cultural influences on farmers is important if we are to understand
farming. Rebanks describes how the selection of sheep for breeding includes factors that
have no economic benefit, such as fleece colour and pattern. An implication of the
openness of farmers to social influence is seen in the importance of farmer-to-farmer
education in the dissemination of new approaches to agriculture (Reynolds discussing the
benefits of Conservation Agriculture in this volume provides an example of farmer-tofarmer advocacy). The influence of culture is not just endogenous to farming
communities. It also reflects the wider influence of society on the food system and is,
again, interconnected with political influence. Society has expectations on how
landscapes should be managed with respect to their visual appearance, biodiversity, and
tolerable pollution. These expectations are, to a greater or lesser extent, reflected in
regulations that are more or less enforced by environmental and agricultural authorities.
The influence of lobbying of government by the agricultural corporates is another
important political dynamic. At the time of writing a new administration in the United
States is repealing environmental legislation and aligning it with a probusiness agenda
much to the alarm of environmental civil society organizations. This process provides an
important illustration of the interface between society, civil society organizations,
government, and business. The contest between a newly elected government and
organizations formed out of civil society indicates how politics can perform an important
function of expressing contending divergent cultural values within society.
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The idea that both political and sociocultural influences impact all three market modes of
the food system is a point of departure for the book. We have identified and clarified some
important concepts which help differentiate political, social, and cultural influences on
the three market modes, mirroring the introductory discussion of water and virtual water
earlier in the chapter. An additional preliminary step examines the difficulties of finding
metrics that ‘work’ right through the three market modes. The question of what to
measure leads to the question of how both science and social science contribute to our
understanding of food and water issues.

The Challenges of Metrics and
Interdisciplinarity
‘You can’t manage what you don’t measure’, runs the well-known business studies maxim,
prompting the question—what needs to be measured in order to manage food-water
across the three modes of the global food system? At different points of the food and
water systems different measurements can be made. Identifying a single metric that
informs decision making in each market mode could be transformative for management of
the food and water systems (Allan et al., 2015). However, difficulties exist for the
development of metrics because decisions are made in different ways and are subject to
different constraints across the three market modes.
Water use and water consumption are established fundamental measures in the
management of real water. Virtual water was developed as a concept to investigate how
countries compensated for physical water scarcity by importing food. The interest is in
national water accounts (i.e., virtual water in food imports acts as a substitute for a
volumetric measure of real water within a country’s boundaries). Water footprints are
subtly different. Hoekstra and Chapagain (2008) enhanced the concept of virtual water
and have produced a metric that provides more information on the notional impact of
food on water in the environment. The water footprint has implicit assumptions on farm
practice that are necessary to compare the impact of one food to another. There is a cost
however in taking attention away from the diversity of farm practices and of
environmental contexts. Both Tony Allan and Arjan Hoekstra discuss this topic in more
detail in this volume, but at this stage an introduction to the two concepts enhances the
use of our conceptual framework and then illustrates one of the challenges of the
interdisciplinary nature of this topic.
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Table 2 Blue Water Use
Agriculture

Industrial

Municipal

Total

Total freshwater
withdrawal (km3/yr)

2,769

768

464

4,001

Proportion

69%

19%

12%

Industrial

Municipal

Source: FAO Aquastat, 2017

Table 3 Water consumption
Agriculture

Total

Green water

6684

6684

Blue water

945

38

42

1025

Total

7629

38

42

7709

Proportion

99.0%

0.5%

0.5%

Source: Mekonnen and Hoekstra, 2010
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Table 4 Water Footprint
Agriculture

Industrial

Municipal

Total

Green water

6684

6684

Blue water

945

38

42

1025

Nominal pollution

733

362

282

1378

Total

8362

400

324

9087

Proportion

92.0%

4.4%

3.6%

impact ‘grey water’

Source: Mekonnen and Hoekstra, 2010
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Virtual water is a measure of water consumed in the production of the crop. On our
model the virtual water leaving the farm (V1 and FW1) is equal to the beneficial
evapotranspiration on the farm ETB. The water footprint is a sum of the beneficial
evapotranspiration (ETB), the non-beneficial evapotranspiration (ETNB), and a notional
volume of water in the environment (BENV2) that is polluted by the farm drainage (D). By
combining water that is consumed on the farm (ETB + ETNB) with water that is not
consumed and is off-farm (BENV2), a figure for the water footprint is not compatible with
volumetric hydrological analysis at the farm or river basin level in the way virtual water
is.
There are two main difficulties with the use of the water footprint in market mode 1.
Firstly, the water footprint, like virtual water, is given in terms of an absolute gross figure
rather than a net figure when compared with the evapotranspiration of pre-farm land use
(as Schluter and others illustrate and Mulligan and Matthews discuss in this volume). In
an arid area growing crops is likely to use more water than the preexisting vegetation
and so water consumption increases and the virtual water / water footprint analysis
holds. However, in more humid areas the crop may use similar or less water than the prefarm vegetation and so the net water footprint may be zero or negative (see Mulligan and
Matthews in this volume). Secondly, a water footprint is a proxy figure as it adds a volume
of water for water pollution downstream of the farm and not essential for crop growth.
The water footprint literature uses the term grey water to refer to the water that receives
the polluted drainage. It indicates a level of water demand that could be significantly
higher than actual water consumption. Indeed, the water footprint could be greater than
the total volume of water in the catchment and yet the crops all still produced—the deficit
simply being the presence of agricultural nutrients being discharged into the ocean.
A strength of the water footprint is in providing a consistent comparison of one type of
food to another with regards to the notional impact of a food choice by a consumer in
market mode 3. The inbuilt unifying assumptions, however, make it less useful to the
complex contextual diversity of market mode 1. The salient point is that metrics require
careful handling across the three market modes.
Tables 2, 3 and 4 show global figures for the metrics discussed above. Hoekstra
investigates what could be achieved with the use of water footprints on the global scale
later in this volume. By contrast, Perry’s approach focuses on detailed water accounting
in global hotspots of water scarcity. The editors agree that focussing on hotspots and
enabling rigorous volumetric water management is essential to control acute water
scarcity. However, we also judge that informing consumers, legislators, and water
professionals about the bigger picture on blue and green water consumption and
pollution usefully serves the water security discourse. Action is needed both at the
watershed and the policy and political level ‘problemsheds’ associated with the food and
water systems. Integrating these approaches is a key interdisciplinary challenge, a
subject to which we now turn.
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Implications for interdisciplinarity
This discussion of the difficulties of identifying metrics that operate in all three market
modes has an importance beyond highlighting the failure so far to measure and manage
the impact of food choices on the environment. The divergent perspectives on metrics for
water also highlight an important challenge for investigations that cover both water
sciences and social science. The final preparatory step that this introduction makes is to
identify the editors’ position with respect to the interface between science and social
science. The preceding discussion of water metrics has highlighted this issue.
A consumer may believe that their cup of coffee has a water footprint of 140 litres even
though the coffee may come from a region where coffee growing has no net impact on
water consumption. There are three possible responses to this situation. For some, the
science is paramount—their frustration with discussion of society’s perception of water
scarcity and any influence a cup of coffee could have on this is palpable. At the other end
of the spectrum, some social scientists are solely concerned with social understanding of
nature, arguing that science is nothing more than another example of socially constructed
understanding anyway. This book takes a middle way in which both the water sciences
and the social science are of interest.
The academic discourse identifies three broad approaches with which scientific
knowledge and social understanding can be reconciled. The three approaches—known as
epistemological perspectives—are worth identifying:
• Positivism is practiced when analysts ‘infer generalizations about reality by
summarising apparent trends in existing data sets . . . Patterns or trends [are] seen to
be accurate if further sampling revealed similar patterns’ (Forsyth, 2004, p. 54).
• Hard social constructivism posits that the ‘social context . . . conditions and
determines our concepts for understanding the world, and so creates the world, at
least effectively, in the process . . . Things are true because they are held to be true by
the socially powerful and influential’ (Robbins, 2012, p. 127).
• Soft social constructivism understands the world to be an objective reality
‘independent of our categorisation but knowledge of it is filtered through subjective
conceptual systems and scientific methods that are socially conditioned’ (Robbins,
2012, p. 128).
An understanding of these different epistemological approaches is important in
reconciling these fundamentally divergent perspectives across disciplines. It is not
uncommon for social scientists to express frustration at engineers and economists for
failing to reflect political and social dimensions in their analysis. But this is to
misunderstand the task that engineers, scientists, and economists perform for society. To
a social scientist an engineer or economist may appear to be offering a reductionist world
view, but most engineers or economists would perceive their role as answering a rational
question based on simplifying assumptions as a contribution within a more complex social
Page 23 of 30

PRINTED FROM OXFORD HANDBOOKS ONLINE (www.oxfordhandbooks.com). (c) Oxford University Press, 2015. All Rights
Reserved. Under the terms of the licence agreement, an individual user may print out a PDF of a single chapter of a title in
Oxford Handbooks Online for personal use.
Subscriber: OUP-Reference Gratis Access; date: 09 May 2018

Food, Water and Society: An Analytical Framework
and political context. Perspectives on science and the environment vary across society,
being subject to cultural understanding as Beck, Gyawali, and Thompson discuss in this
volume.
A soft social constructivist position reconciles the insights of the positivist scientific
method with the wider observation that knowledge and understanding are culturally
mediated and therefore the soft constructivist approach is adopted in this book.
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Making a Start
This opening chapter has sought to introduce and clarify some key social and scientific
concepts in order to facilitate the forthcoming discussion across the broad topics of food,
water, and society. As a starting point, we identified that ongoing change to food value
chains is inevitable in the dynamic global contexts of the twenty-first century.
Understanding these changes is essential in responding to the inseparable food and
water security challenges we face. In identifying that the key analytical challenge this
book faces is at the interface of food, water, and society the chapter has identified
analytical frames with which these fields can be explored.
Firstly, we introduced an analytical framework that engages both water in the
environment and virtual water in the food value chain. Looking at water flows on the farm
we laid down a challenge to those aiming to explore society’s influence on water through
food value chains to be precise about the water science. What physical aspects of food,
farm, and water management are influenced by the social or political issues you have
identified?
Secondly, we clarified what we mean by political, social, and cultural influences of society
on the management of food water markets. We noted the relative importance of politics
and culture across the three market modes. We therefore laid down a corresponding
challenge regarding the precise analysis of the influence of society on food and water
allocating and managing practices. By what means does society drive the change to food,
farm, and water management under consideration?
The purpose of this chapter has been to raise awareness of the need for clarity on both
the science and the social science. These challenges are posed in order to show where
solutions may contribute to part rather than all of a problem. Partial solutions are
building blocks. The objective now is to build them together mindful of the challenges of
interdisciplinarity. The chapter has also sought to define terms in a way that facilitates
the interdisciplinary endeavour ahead of us.
The format of the book comprises five sections starting with this introductory chapter by
the editors. Secondly, an overview of key topics in food, water, and society is provided
with contributions from academics and practitioners drawn from farming, public sector,
private sector, and nongovernmental communities. Thirdly, emerging global
‘problemsheds’ are investigated by authors with expertise in a wide range of thematic
and regional topics to ground the analysis. Case studies are defined either geographically
or sectorally to address key commodities in food value chains. The fourth section
comprises contributions on innovative and disruptive initiatives in food value chains such
as water accounting measures, conservation agriculture, precision farming, and watersmart subsidies among others. Finally, the conclusions are identified by the editors who
also discuss ways in which the debate and practice can be taken forward.
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Notes:
(1) That is, principal operators on farms that listed farming as their primary occupation.
(2) 2012 Census of Agriculture : United States Data https://www.agcensus.usda.gov/
Publications/2012/Full_Report/Volume_1,_Chapter_1_US/st99_1_001_001.pdf (Accessed
15/3/17)
(3) British Summer Fruits http://www.britishsummerfruits.co.uk/html/strawberries.htm
(accessed 23/5/17).
(4) See also: Molden, 2007, p. 6; Oki and Kanae, 2006).
(5) This complexity has been usefully investigated in the discourse on the water energy
food nexus (Waughray, 2011; Wichelns 2017).
(6) There are however some environmental externalities associated with pollution from
processing, energy, and transport in this market.
(7) Agriculture accounts for nearly all the anthropogenic demand for green water, since
this water is unavailable for industrial and municipal purposes.
(8) Mason and Lang add “geopolitics” to the list of hard social factors, a categorization at
odds with our effort to distinguish politics from social and cultural influences. Their
categorization usefully continues at greater depth to break down the influence of
biological and psychological influences—a level of resolution beyond this study.
(9) Thanks to the Caux Dialogue on Land and Security for convening this event.
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