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Abstract

While the water dependency of water-scarce nations is well understood, this is not the case for
countries in temperate and humid climates, even though various studies have shown that many of
such countries strongly rely on the import of water-intensive commodities from elsewhere. In this
study we introduce a method to evaluate the sustainability and efficiency of the external water
footprint (WF) of a country, with the UK as an example. We trace, quantify and map the UK’s direct
and indirect water needs and assess the ‘imported water risk’ by evaluating the sustainability of the
water consumption in the source regions. In addition, we assess the efficiency of the water
consumption in source areas in order to identify the room for water savings. We find that half of the
UK’s global blue WE—the direct and indirect consumption of ground- and surface water resources
behind all commodities consumed in the UK—is located in places where the blue WF exceeds the
maximum sustainable blue WE. About 55% of the unsustainable part of the UK’s blue WF is located in
six countries: Spain (14%), USA (11%), Pakistan (10%), India (7%), Iran (6%), and South Africa (6%).
Our analysis further shows that about half of the global consumptive WF of the UK’s direct and
indirect crop consumption is inefficient, which means that consumptive WFEs exceed specified WF
benchmark levels. About 37% of the inefficient part of the UK’s consumptive WF is located in six
countries: Indonesia (7%), Ghana (7%), India (7%), Brazil (6%), Spain (5%), and Argentina (5%). In
some source countries, like Pakistan, Iran, Spain, USA and Egypt, unsustainable and inefficient blue
water consumption coincide. We find that, by lowering overall consumptive WFs to benchmark
levels, the global blue WF of UK crop consumption could be reduced by 19%. We discuss four
strategies to mitigate imported water risk: become more self-sufficient in food; diversify the import of
water-intensive commodities, favouring the sourcing from water-abundant regions; reconsider the
import of water-intensive commodities from the regions that are most severely water stressed
altogether; and collaborate internationally with source countries with unsustainable water use where

opportunities exist to increase water productivity.

1. Introduction

Since the beginning of this century there is a growing
awareness that freshwater is a global resource, even
though freshwater is still mostly considered and
managed as a local resource (Hoekstra 2011,
Vorosmarty et al 2015). This is very different from oil,
which is broadly perceived as a resource of strategic
international importance. The degree of dependence
on oil imports is generally an area of governmental
concern. In the case of freshwater, however, depend-
ence on external water resources is still under the radar

for most governments. Many countries though are
heavily reliant on the import of water-intensive
commodities from elsewhere. Dalin et al (2012) and
Carr et al (2012) estimate that between 1986 and 2007
the number of trade connections and the volume of
water associated with global food trade more than
doubled. Similarly, Clark et al (2015) find a global
trend towards an increased dependence on foreign
water resources between 1965 and 2010. Suweis et al
(2013) show that international water dependencies as
they exist cannot be assumed to continue into the
future given growing water scarcity (WS) in the

©2016 IOP Publishing Ltd
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countries currently using substantial volumes of water
for producing export products.

As first shown by Hoekstra and Hung (2002), the
water footprint (WF) of human consumption within a
country consists of an internal WF, referring to the
water use within the country itself for making pro-
ducts that are consumed domestically, and an external
WE, referring to the WF in other countries for making
products imported by and consumed within the coun-
try considered. Thus, trade in water-intensive com-
modities like crops results into so-called virtual water
(VW) flows between exporting and importing regions
(Hoekstra 2003). Various global assessments of the
WFs of nations and international VW flows have been
published: Hoekstra and Hung (2002), Hoekstra and
Chapagain (2007b, 2008), Fader et al (2011), Mekon-
nen and Hoekstra (2011b), Hoekstra and Mekonnen
(2012) and Chen and Chen (2013). These studies show
that all countries have partly externalised their WF,
albeit to different extents. According to Hoekstra and
Mekonnen (2012), European countries like Italy, Ger-
many, the United Kingdom, and the Netherlands have
external WFs contributing 60%-95% to their total
consumption-related WF, while the external WFs of
countries like Chad, Ethiopia, India, Niger, DR
Congo, Mali, Argentina, and Sudan are smaller than
4% of their total footprint.

In this paper we aim to show that dependence on
external water resources can constitute a substantial
risk for a national economy and should therefore be a
reason for governmental concern as well. The risk of
external water dependence is known for highly water-
scarce countries, like those in the Middle East and
North Africa (Allan 2001, Fader et al 2013), but has
gone unnoticed so far in more water-abundant
regions. We take the UK as a case to trace, quantify and
map the direct and indirect water needs of a popula-
tion and consequently assess the ‘imported water risk’
by evaluating the sustainability of the water consump-
tion in the source areas. Next, we assess the efficiency
of the water consumption in the source areas in order
to identify the room for water savings in crop produc-
tion. Efficiency is measured by comparing the actual
WFs of crops to certain specified benchmark levels.
Potential water savings are calculated by considering
the reduced water consumption if the WFs in crop
production in the source regions of the UK’s food were
lowered to the benchmark levels.

The analysis undertaken in this study goes con-
siderably beyond earlier studies. Regarding the first
step of the research, quantifying, tracing and mapping
a country’s direct and indirect water needs, there are
several previous national WF studies analysing
national VW trade and the external WF of national
consumption, but these studies identified source
countries only, without further tracing within the
source countries—see for example Hoekstra and Cha-
pagain (2007a) and Van Oel et al (2009) for the Neth-
erlands, Chapagain and Orr (2008) for the UK, Schyns
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and Hoekstra (2014) for Morocco and Dalin et al
(2014) for China—or did quantify VW imports but
not specifically traced the source countries of impor-
ted water-intensive products at all—e.g. Ma et al
(2006), Liu et al (2007) and Dalin et al (2014) for
China, Bulsink et al (2010) for Indonesia, Yu et al
(2010) for the UK and Aldaya et al (2010) for Spain.
Tracing the origin of products is relevant if it comes to
assessing the sustainability and efficiency of water use
at the place of origin, because WS and water manage-
ment practices can widely vary within countries. A few
studies mapped the external WF of a country’s
national consumption at a high resolution of 5 x 5
arc minute, but the method to trace down the source
regions of imported products was rather crude, based
on tracing imported food back to the main agricultural
areas rather than tracing crop by crop—see Hoekstra
and Mekonnen (2012) for the US, Ercin et al (2013) for
France, Mekonnen and Hoekstra (2014a) for Kenya,
and Pahlow et al (2015) for South Africa. The current
work considers the origin of production crop by crop.
Regarding the second step of the research, assessing
the sustainability and efficiency of the water consump-
tion in the source areas, this is the first time this is done
altogether.

2.Method

We follow the definitions of WF and WS as in the
Global Water Footprint Standard developed by the
Water Footprint Network (Hoekstra et al 2011). The
WEF, as a multi-dimensional measure of direct and
indirect freshwater use, enables to analyse the link
between human consumption and the appropriation
of water. The consumptive WF of producing a crop
includes a green and blue component, referring to
consumption of rainfall and irrigation water, respec-
tively, thus enabling the broadening of perspective on
water resources use as proposed by Falkenmark and
Rockstrom (2004). The consumptive WF is distin-
guished from the degradative WF, the so-called grey
WEF, which represents the volume of water required to
assimilate pollutants entering freshwater bodies. In
the current study we focus on the consumptive WF,
distinguishing between the green and blue
component.

As a starting point we took the consumptive WF of
UK consumption as was estimated by Hoekstra and
Mekonnen (2012), with which we got a matrix show-
ing the WF of UK consumption per consumption
category specified by country of origin and in terms of
blue and green components, in the form of an average
for the period 1996-2005. This work has been based
on data on food consumption from FAOSTAT
(FAO 2015) and international trade in agricultural and
industrial products from the Statistics for Interna-
tional Trade Analysis from the International Trade
Centre (ITC 2007). For agricultural goods,
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consumption and imports are specified per crop and
animal product, measured in terms of kilogram per
year. Industrial goods form one category as a whole,
with consumption and imports measured in monetary
units. In the current study we traced the origin of pro-
ducts down toa5 X 5 arc minute grid level and map-
ped the related water consumption at that level. For
imported crops and crop products, we traced the ori-
gin based on the production pattern per crop per
country. We mapped the WF per crop per origin
country, based on the ratio of the WF of the imported
crop to the total WF of the crop production in the ori-
gin country. Per origin country, we multiplied this
ratio with the 5 x 5 arc minute resolution map of the
WEF of the crop under consideration in the origin
country obtained from Mekonnen and Hoekstra
(2011a). The WFs of crop production were estimated
by simulating the daily soil water balance and evapo-
transpiration of green and blue water over the growing
season, thereby specifying the WFs by colour and in
time (Mekonnen and Hoekstra 2011a). We also traced
the origin of feed eaten by animals raised in the UK by
accounting for feed crop imports while we traced the
origin of the feed behind the live animals and animal
products imported to the UK by assuming that those
animals are fed with local crops in the origin countries
and by tracing where those feed crops are produced in
the origin countries. For imported live animals and
animal products, we mapped the feed-related WF of
these animals and products, per origin country, based
on the ratio of the WF of the imported live animals and
animal products to the total WF of agricultural pro-
duction in the origin country. Per origin country, we
multiplied this ratio with the 5 x 5 arc minute resolu-
tion map of the WF of agriculture in the origin country
obtained from Mekonnen and Hoekstra (2011a). For
imported industrial products, similarly, we mapped
the WF of these products, per origin country, based on
the ratio of the WF of the imported industrial products
to the total WF of industrial production. Per origin
country, we multiplied this ratio with the 5 x 5 arc
minute resolution map of the WF of industry in the
origin country as from Hoekstra and Mekonnen
(2012). The WF related to the UK’s domestic water
supply at 5 x 5 arc minute resolution was obtained
from Hoekstra and Mekonnen (2012).

We estimate where the UK’s global blue WF is sus-
tainable and where unsustainable by checking for each
grid cell with a UK-consumption related blue WF
what is the blue WS level in that grid cell. We char-
acterize the UK’s blue WF in a particular grid cell as
‘unsustainable’ when the annual average monthly blue
WS in that grid cell exceeds 1 (because in such case
environmental flow requirements are not fulfilled).
We computed the annual average monthly blue WS in
theworldat 30 x 30 arc minute resolution level, using
data of Hoekstra and Mekonnen (2012) for the ten-
year period 1996-2005 (Mekonnen and Hoek-
stra 2016), and downscaled these data to 5 x 5 arc
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minute resolution. Monthly blue WS is here defined as
the ratio of the total blue WF in a grid cell in a certain
month to the maximum sustainable blue WF in that
grid cell in that month (Hoekstra et al 2011, Hoekstra
et al 2012). The maximum sustainable blue WF in a
grid cell represents blue water availability and is calcu-
lated as the sum of the runoff generated within the grid
cell plus the runoff generated in all upstream grid cells
minus the environmental flow requirement and
minus the blue WF in upstream grid cells. Monthly
environmental flow requirements were assumed at
80% of monthly natural runoff, following Richter et al
(2012). Annual average monthly blue WS per grid cell
was estimated by averaging the monthly scarcity
values. Blue WS is called low’ when in a grid cell
WS < 1, ‘moderate’ when 1 < WS < 1.5, significant
when 1.5 < WS < 2and ‘severe’ when WS > 2.

We estimate the fraction of the consumptive WF
of the UK’s direct and indirect crop consumption
(including both food and feed crops) that is efficient by
quantifying, per grid cell, the percentage of the WF of
UK consumption that meets crop-specific WF bench-
mark levels. Per crop, we take as a benchmark level the
WE (in m” ton ") below which 25% of global produc-
tion takes place, taking the values from Mekonnen and
Hoekstra (2014b). These benchmark levels are reason-
ably achievable under all climates, as analysed by
Mekonnen and Hoekstra (2014b). Yields are rather
sensitive to climate, but WFs of crops per unit of
weight are much less sensitive to climate, as shown in
Mekonnen and Hoekstra (2011a). We characterize the
WE related to production of crops for UK consump-
tion within a grid cell as ‘efficient’ when at least half of
that WF is below benchmark levels, and ‘inefficient’
when that is not the case. We calculate potential water
savings per grid cell, both the green and blue water sav-
ings, by considering the reduced consumptive WF
when we reduce those WFs that are beyond bench-
mark levels down to the benchmark level. We assume
that the green—blue ratio in the water saving, per crop
and per grid cell, is proportional to the green-blue
ratio in the current WF of that crop in the grid cell.

3. Results

3.1. Sustainability of the UK’s global WF

We find that 49% of the UK’s global blue WF is located
in places where the blue WF exceeds the maximum
sustainable blue WF (figure 1). About 55% of the
unsustainable part of the UK’s blue WF is located in six
countries: Spain (14%), USA (11%), Pakistan (10%),
India (7%), Iran (6%), and South Africa (6%). Next on
this list come France, Israel and Egypt. These countries
can be considered as the hotspots of concern from the
UK consumer perspective, because the UK’s economy
significantly relies on the water resources in these
countries while the water consumption in the specific
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Figure 1. The sustainable (green) and unsustainable (yellow to red) parts of the global blue water footprint of overall UK consumption,
with an indication of critical products that significantly contribute to the UK’s water footprint in some hotspot areas.

regions within those countries where export products
for the UK are produced is not sustainable.

In each hotspot we can identify specific products
that most significantly contribute to the unsustainable
water use. In Spain these products include rice
(responsible for 15% of the UK’s unsustainable blue
WEF in the country), oranges (13%), olives (12%),
mandarins (8%), apricots (8%) and grapes (5%). The
biggest water problems occur in the southern part of
the country, in the Guadiana and Guadalquivir river
basins (Cazcarro et al 2015). In the USA, the critical
products are rice (26%), grapes (13%), almonds (10%)
and industrial products (10%). Almonds are mainly
grown in California, and rank highest on the list of
large water consumers in that state, after feed crops
and before residential areas (Fulton et al 2012). While
California, together with Spain the world’s most
important almond producer, suffers great WS, con-
sumption of almonds in the UK is on the rise, thus
indirectly contributing to the worsening of the WS in
the source regions. This increasingly results in a public
debate about the link between consumption and WS
(Buchanan et al 2015, Westervelt 2015). In Pakistan,
the critical products are sugarcane (responsible for
65% of the UK’s unsustainable blue WF in the coun-
try), rice (24%) and dry beans (6%). Both sugarcane
and rice production are main contributors to water
stress in the Indus basin, with 212 million people
facing severe WS during eight months a year (Hoekstra
et al 2012) and widespread groundwater depletion
(Qureshi et al 2010, Karimi et al 2013). In India, the
critical products are rice (25%), sugarcane (18%), tea
(14%), castor beans (8%), cotton products (6%),
groundnuts (5%), rubber (4%) and industrial pro-
ducts (9%). In Iran there are just two critical products:
dates (63%) and pistachios (33%). The country uses
very substantial amounts of its highly scarce water
resources in its southern provinces for producing
these products for export (Arabi et al 2012). The

critical products in South Africa are citrus fruits (oran-
ges, tangerines, mandarins), apples, grapes, apricots,
tea, sugarcane and avocados. In France the critical pro-
ducts are maize, animal products and industrial pro-
ducts, which is problematic for instance in the basins
of the Loire, Seine, Garonne and Scheldt, which all
experience moderate to severe WS atleast one month a
year (Ercin et al 2013). The critical products in Israel,
still from the UK import perspective, are papayas,
citrus fruits, dates, cherries and potatoes. Water con-
sumption in Israel is contentious given the disputes
over freshwater the country has with its neighbours,
including Jordan and the Palestinians. In Egypt the cri-
tical products are sugar beet, oranges, potatoes, sugar-
cane and rice, with the major problems in the Nile
Delta.

3.2. Efficiency of the UK’s global WF and potential
water savings

In estimating the efficiency of the UK’s global WF we
focus on the footprint related to direct and indirect
crop consumption. The indirect crop consumption
includes the feed crops behind animal products
consumed in the UK. Our analysis shows that 50% of
the global consumptive WF of the UK’s direct and
indirect crop consumption is inefficient, which means
that the consumptive WF exceeds the WF benchmark
level (figure 2). About 37% of the inefficient part of the
UK’s consumptive WF is located in six countries:
Indonesia (7%), Ghana (7%), India (7%), Brazil (6%),
Spain (5%), and Argentina (5%).

The global consumptive WF of the UK’s direct and
indirect crop consumption can be reduced by 17% if
the WF of imported food products at the places of pro-
duction is lowered to benchmark levels. About 90% of
the resultant water saving is green water, while the
remainder is blue water. About 28% of the reduction
in the UK’s consumptive WF is located in just three
countries (Indonesia, Ghana, India); another 20% of
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Figure 3. The efficient (green) and inefficient (yellow to red) parts of the global blue water footprint of the UK’s direct and indirect
crop consumption, with an indication of crops for which water productivity can be substantially increased and through which blue

the reduction is located in yet five other countries
(Spain, Brazil, Nigeria, Malaysia, Cameroon). Per
country, the analysis shows which crops are produced
relatively inefficient (with WFs beyond the bench-
mark), so that we also know which crops are most pro-
mising in terms of water saving potential. In
Indonesia, the greatest green water saving potential,
insofar relevant for UK consumer products, is in the
cultivation of rubber, coffee, tea and palm oil, while
the largest blue water saving potential is in the case of
pepper and sugarcane. In Ghana, the most important
potential green water saving, again insofar relevant for
UK consumer products, is in cocoa production, while
the largest potential blue water saving is in sweet pota-
toes. In India, the largest green water savings in rela-
tion to products exported to the UK can be achieved
for dry beans, groundnuts, rice, cotton, pepper and
walnuts, and the largest blue water savings in the
growth of rice, sugarcane, cotton and groundnuts.

The blue WF of the UK’s direct and indirect crop
consumption is shown in figure 3, showing where the
WEF is efficient and inefficient (relative to crop WF
benchmarks). We find that, by lowering overall con-
sumptive WFs to benchmark levels, the global blue
WF of UK crop consumption could be reduced by
19%. About 62% of the reduction in the UK’s blue WF
is located in five countries (Pakistan, Iran, Spain, USA
and Egypt), in all of which UK has a substantial unsus-
tainable blue WF. This is a very important finding,
because it implies that most blue water saving poten-
tial is in five of the countries that were identified as
hotspots from the UK consumption perspective
(figure 1). The largest impact can be achieved in Paki-
stan, through increasing the water productivity in
sugarcane and rice. Next biggest blue water saving can
be obtained in Iran, mainly by improving dates and
pistachios cultivation. The potential blue water saving
in Spain in relation to crops exported to the UK is
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mostly in the cultivation of rice, apricots, olives, grapes
and oranges. In the USA, the relevant crops are rice,
grapes, almonds, apricots and apples, and in Egypt
these are sugar beets, potatoes, oranges, sugarcane,
rice, and cotton.

4. Discussion

This is the first study to trace and map the global WF of
a national population at such high level of detail, crop
by crop and at high spatial resolution level. The data
we present are rough estimates, given the uncertainties
in the underlying trade data and the assumptions we
made. We traced the origin of imported crops based
on the production pattern per crop per country,
assuming proportionality between production for
export and production for domestic consumption per
grid cell. In reality it may be the case that the UK
sources a crop from a specific region within a country
that is specialised on producing for export to the UK,
while other production regions within the country
produce for local markets or for export to other
countries. Such information, however, is not available,
so that our assumption is reasonable for a first global
assessment. We have identified hotspots and critical
products per hotspot that deserve further study.
Relevant questions are for instance: which major
companies are involved in the trade, are the supply
chains sufficiently transparent to establish the precise
source areas or even farms of the products exported to
the UK, and what is currently done and what
stakeholders are involved in addressing local sustain-
ability and efficiency of water use?

Our estimated potential water savings in the
source areas of the UK’s consumer goods are rough
estimates as well. We assume that reducing WFs down
to benchmark levels will generally be largely achieved
through increases in yields, and to a much smaller
extent through reduction in evapotranspiration
(Mekonnen and Hoekstra 2011a, Chukalla et al 2015).
Yield increases and accompanied water productivity
increases can be substantial in many parts of the world
(Foley et al 2011, Brauman et al 2013). With yield
increases, green and blue WFs will be reduced pro-
portionally to their original size, hence our assump-
tion that the green—blue ratio remains the same when
reducing WF down to benchmark levels. If WFs are
reduced through reduction in evapotranspiration (e.g.
by reducing soil water evaporation of irrigation water),
our approach becomes questionable. In that case—by
assuming that green and blue water are equally saved
(proportionally)—we make a conservative estimate of
blue water saving.

In a global study, Mekonnen and Hoekstra
(2014b) found that if we would reduce the con-
sumptive WF of crop production everywhere in the
world to the level of the best 25th percentile of current
global production, global water saving in crop
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production would be 39% compared to the reference
water consumption. The 39% is thus a global reference
for the potential saving by moving down to bench-
mark levels. The potential water saving of 17% that we
found for UK consumption is relatively small com-
pared to this global number, which relates to the fact
that—as an average over all crop and animal products
consumed by UK citizens—the WF per unit of the
food consumed in the UK is relatively low compared
to the global average, with relatively less potential for
saving.

The choice in the current study to evaluate water
use efficiency per crop based on the WF benchmarks
set by the best 25% of global production is subject to
debate. It may be argued that it would be better to use
different benchmark levels for different types of cli-
mate. According to Zwart et al (2010), highest levels of
water productivity (smallest WFs per kg of crop) are to
be expected in temperate climates with high precipita-
tion. However, Mekonnen and Hoekstra (2014b)
argue that, although climatic factors are important in
determining evapotranspiration from crop fields and
yields, the consumptive WF of crops in m’ ton™" is
largely determined by agricultural management rather
than by the climate under which the crop is grown. A
large increase in crop yields, without an increase or
even with a decrease in water use, is achievable for
most crops across the different climate regions of the
world through proper nutrient, water and soil man-
agement (Mueller et al 2012). Mekonnen and Hoek-
stra (2014b) show that even water productivities set by
the best 10th percentile of global crop production can
be achieved irrespective of climate. Therefore, using
the WF benchmarks set by the best 25th percentile of
global production is realistic, but indeed efforts to
achieve these levels will vary from region to region.
WFs in m” ton™' can be reduced by reducing evapo-
transpiration (for example through better irrigation
techniques, a deficit irrigation strategy, and mulch-
ing), increasing yields (e.g. through better nutrient and
soil management and pest control), or a combination

ofboth (Chukalla et al 2015).

5. Conclusion

‘Imported water risk’ to a national economy as we have
illustrated for the UK is what ‘supply-chain water risk’
is for businesses. While the latter type of risk is
receiving an increasing amount of attention recently
(Sarni 2011, Larson et al 2012), the imported water risk
for national economies as a whole is not appropriately
appreciated by most national governments. Our study
shows that half of the WF of the UK’s consumption is
located in places where water use is not sustainable.
This implies the risk that exports from these regions in
the future will decline or become impossible alto-
gether. Imported water risks as we have shown for the
UK are likely to increase, due to increasing water
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demands in the source regions that will result from
growing populations and changing consumption pat-
terns (Ercin and Hoekstra 2014), while climate change
may affect water supply in the source regions
(Orlowsky et al 2014). Importing goods that are
produced with water in locations where water is being
overexploited (with WFs exceeding maximum sus-
tainable levels) bears a risk. Where WFs are unnecessa-
rily large (with WEFs per unit of production exceeding
benchmark levels), there is potential for water saving
and reduction of WS.

There are basically four risk mitigation strategies
that national governments may pursue: (1) move to a
greater degree of food self-sufficiency; (2) diversify the
import of water-intensive commodities, preferably
targeting water-abundant countries; (3) reduce the
reliance on import of water-intensive commodities
from regions where water use is unsustainable and
where little opportunities exist to improve that; and
(4) collaborate internationally with source countries
with unsustainable water use where opportunities
exist to increase water productivity and thus
reduce WFs.

With respect to the first strategy—greater food self-
sufficiency—the results of the current study can feed
into the on-going discussion within the UK on how to
increase food security, against the trend in the past few
decades of increasing food imports and decreasing self-
sufficiency (DEFRA 2008, 2009a, 2009b, Hubbard and
Hubbard 2013). Crop production in the UK is relatively
efficient and sustainable from a water resources per-
spective, so that increasing food self-sufficiency seems
feasible. Food self-sufficiency could further be
increased by reducing the consumption of meat and
dairy and by reducing food waste, thus reducing the
land, water and carbon footprints of the UK’s con-
sumption (Chapagain and James 2011, Foley et al 2011,
Kummu etal 2012, Vanham etal 2013, West etal 2014).

The second strategy—diversifying imports—is
against another historical trend, the specialisation of
regions in single crops that supply a large share of the
world market. For instance, in the period 2001-2012,
44% of the dates imported by the UK came from Iran,
28% of the imported oranges came from Spain and
22% from South Africa, 64% of the imported almonds
came from the USA (mainly California), and 71% of
the imported soybean came from Brazil (FAO 2015).

The third strategy requires a reconsideration of
import of water-intensive commodities from the
regions that are most severely water stressed. One may
wonder whether it is wise to import crops like sugar
cane from the scarce Indus basin in Pakistan or sugar
beets and potatoes from the highly water-scarce Nile
Delta in Egypt. These questions become even more
pressing given the fact that the UK can produce sugar
and potatoes perfectly well within its own territory.

The fourth strategy is international collaboration
on sustainable water use. Since the export of a crop
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from a country to specifically the UK is always rela-
tively small, given that the largest fraction of crops is
generally for the domestic market or export to other
countries, one cannot expect that improving the pro-
duction of only those crops that are actually exported
to the UK will make a big impact in the source areas as
a whole. We identified five highly water-scarce coun-
tries where the UK economy significantly relies on but
which have relatively great blue water saving poten-
tials. If UK wants to secure its supplies from these
countries, it does not help if it focuses only on increas-
ing water productivity at the farms from which it sour-
ces most of its imports. What is really needed is overall
sustainable water use in the source regions of its most
important water-intensive import products. There-
fore, the UK government could aim to work with other
countries on internationally shared targets on sustain-
able water use. The Sustainable Development Goals
(SDGs) of the United Nations offer a good starting
point for intensified international collaboration on
sustainable and efficient water use. The fourth target
of the SDG on water is to ‘substantially increase water-
use efficiency across all sectors and ensure sustainable
withdrawals and supply of freshwater to address WS
and substantially reduce the number of people suffer-
ing from WS’. This is a rather vague target and requires
operationalization in quantitative terms per country,
but at least offers a good basis for further cooperation
and more specific target setting.

The first three strategies mentioned above require
flexibility in directly or indirectly influencing interna-
tional trade flows. International free trade agreements
that will reduce this flexibility or make it impossible
altogether to implement measures that discourage cer-
tain unsustainable trade flows and/or favour sustain-
able trade flows will reduce the UK’s potential to
mitigate its imported water risk.

Acknowledgment

This study was partially developed within the frame-
work of the Panta Rhei Research Initiative of the
International ~ Association = of  Hydrological
Sciences (IAHS).

References

AldayaM M, Garrido A, Llamas M R, Varela-Ortega C, Novo P and
Casado RR 2010 Water Policy in Spain ed A Garrido and
MR Llamas (Leiden, The Netherlands: CRC Press)
pp 49-59

Allan] A 2001 The Middle East Water Question: Hydropolitics and the
Global Economy (London: I.B. Tauris)

Arabi A, Alizadeh A, Rajaee Y V, Jam K and Niknia N 2012
Agricultural water foot print and virtual water budget in Iran
related to the consumption of crop products by conserving
irrigation efficiency J. Water Resour. Prot. 4 318-24

Brauman K A, Siebert S and Foley ] A 2013 Improvements in crop
water productivity increase water sustainability and food
security—a global analysis Environ. Res. Lett. 8 024030



http://dx.doi.org/10.4236/jwarp.2012.45035
http://dx.doi.org/10.4236/jwarp.2012.45035
http://dx.doi.org/10.4236/jwarp.2012.45035
http://dx.doi.org/10.1088/1748-9326/8/2/024030

10P Publishing

Environ. Res. Lett. 11 (2016) 055002

Buchanan L, Keller ] and Park H 2015 Your contribution to the
California drought New York Times

Bulsink F, Hoekstra A Y and Booij M ] 2010 The water footprint of
Indonesian provinces related to the consumption of crop
products Hydrol. Earth Syst. Sci. 14 119-28

Carr ] A, D’Odorico P, Laio F and Ridolfi L 2012 On the temporal
variability of the virtual water network Geophys. Res. Lett. 39
L06404

Cazcarro I, Duarte R, Martin-Retortillo M, Pinilla V and Serrano A
2015 How sustainable is the increase in the water footprint of
the Spanish agricultural sector? A provincial analysis between
1955 and 2005-2010 Sustainability 7 5094

Chapagain A and James K 2011 The Water and Carbon Footprint of
Household Food and Drink Waste in the UK (Banbury, Oxon,
UK: Waste and Resources Action Programme (WRAP))

Chapagain A K and Orr S 2008 UK Water Footprint: The Impact of
the UK’s Food and Fibre Consumption on Global Water
Resources (Godalming, UK: WWE-UK)

Chen Z-M and Chen G Q 2013 Virtual water accounting for the
globalized world economy: national water footprint
and international virtual water trade Ecol. Indicators 28
142-9

Chukalla A D, Krol M S and Hoekstra A Y 2015 Green and blue
water footprint reduction in irrigated agriculture: effect of
irrigation techniques, irrigation strategies and mulching
Hydrol. Earth Syst. Sci. Discuss. 12 6945-79

Clark S, Sarlin P, Sharma A and Sisson S A 2015 Increasing
dependence on foreign water resources? An assessment of
trends in global virtual water flows using a self-organizing
time map Ecol. Inform. 26 (Part 2) 192-202

Dalin C, Hanasaki N, Qiu H, Mauzerall D L and Rodriguez-Iturbe I
2014 Water resources transfers through Chinese
interprovincial and foreign food trade Proc. Natl Acad. Sci.
USA1119774-9

Dalin C, Konar M, Hanasaki N, Rinaldo A and Rodriguez-Iturbe I
2012 Evolution of the global virtual water trade network Proc.
Natl Acad. Sci. USA 109 5989-94

DEFRA 2008 Ensuring the UK’s Food Security in a Changing World
(London, UK: Department for Environment, Food and Rural
Affairs)

DEFRA 2009a UK Food Security Assessment: Detailed Analysis
(London, UK: Department for Environment, Food and Rural
Affairs)

DEFRA 2009b UK Food Security Assessment: Our Approach (London,
UK: Department for Environment, Food and Rural Affairs)

Ercin A E and Hoekstra A'Y 2014 Water footprint scenarios for
2050: a global analysis Environ. Int. 64 71-82

Ercin A E, Mekonnen M M and Hoekstra A Y 2013 Sustainability of
national consumption from a water resources perspective:
the case study for France Ecol. Econ. 88 133-47

Fader M, Gerten D, Krause M, Lucht W and Cramer W 2013 Spatial
decoupling of agricultural production and consumption:
quantifying dependences of countries on food imports due to
domestic land and water constraints Environ. Res. Lett. 8
014046

Fader M, Gerten D, Thammer M, Heinke J, Lotze-Campen H,
Lucht W and Cramer W 2011 Internal and external green-
blue agricultural water footprints of nations, and related
water and land savings through trade Hydrol. Earth Syst. Sci.
15 1641-60

Falkenmark M and Rockstrém J 2004 Balancing Water for Humans
and Nature: the New Approach in Ecohydrology (London, UK:
Earthscan)

FAO 2015 FAOSTAT (Rome, Italy: Food and Agriculture
Organization)

FoleyJ A etal 2011 Solutions for a cultivated planet Nature 478
33742

Fulton ], Cooley H and Gleick P H 2012 California’s Water Footprint
(Oakland, CA: Pacific Institute)

Hoekstra A'Y 2003 Virtual water trade Proc. Int. Expert Meeting on
Virtual Water Trade (Value of Water Research Report Series)
(Delft, The Netherlands, 12—13 December 2002) (Delft, The
Netherlands: UNESCO-IHE)

AY Hoekstraand M M Mekonnen

Hoekstra A'Y 2011 The global dimension of water governance: why
the river basin approach is no longer sufficient and why
cooperative action at global level is needed Water 3 21-46

Hoekstra A'Y and Chapagain A K 2007a The water footprints of
Morocco and the Netherlands: global water use as a result of
domestic consumption of agricultural commodities Ecol.
Econ. 64 143-51

Hoekstra A'Y and Chapagain A K 2007b Water footprints of nations:
water use by people as a function of their consumption
pattern Water Resour. Manage. 21 3548

Hoekstra A'Y and Chapagain A K 2008 Globalization of Water: Sharing
the Planet’s Freshwater Resources (Oxford, UK: Blackwell)

Hoekstra A'Y, Chapagain A K, Aldaya M M and Mekonnen M M
2011 The Water Footprint Assessment Manual: Setting the
Global Standard (London, UK: Earthscan)

Hoekstra AY and Hung P Q 2002 Virtual water trade: a
quantification of virtual water flows between nations in
relation to international crop trade Value of Water Research
Report Series (Delft, The Netherlands: IHE)

Hoekstra A'Y and Mekonnen M M 2012 The water footprint of
humanity Proc. Natl Acad. Sci. USA 109 32327

Hoekstra A'Y, Mekonnen M M, Chapagain A K, Mathews RE and
Richter B D 2012 Global monthly water scarcity: blue water
footprints versus blue water availability PLoS ONE 7 €32688

Hubbard L] and Hubbard C 2013 Food security in the United
Kingdom: external supply risks Food Policy 43 1427

ITC 2007 Statistics for International Trade Analysis (SITA)
1996-2005—Standard International Trade Classification
(SITC) (Geneva, Switzerland: International Trade Centre)

Karimi P, Bastiaanssen W G M, Molden D and Cheema M JM 2013
Basin-wide water accounting based on remote sensing data: an
application for the Indus Basin Hydrol. Earth Syst. Sci. 17 2473-86

Kummu M, de Moel H, Porkka M, Siebert S, Varis O and Ward PJ
2012 Lost food, wasted resources: global food supply chain
losses and their impacts on freshwater, cropland, and
fertiliser use Sci. Total Environ. 438 477-89

Larson WM, Freedman P L, Passinsky V, Grubb E and Adriaens P
2012 Mitigating corporate water risk: financial market tools
and supply management strategies Water Altern. 5 582—602

LiuJ, Zehnder A ] B and Yang H 2007 Historical trends in China’s
virtual water trade Water Int. 32 78-90

Ma], Hoekstra A'Y, Wang H, Chapagain A K and Wang D 2006
Virtual versus real water transfers within China Phil. Trans. R.
Soc. B361 835-42

Mekonnen M M and Hoekstra AY 2011a The green, blue and grey
water footprint of crops and derived crop products Hydrol.
Earth Syst. Sci. 15 1577-600

Mekonnen M M and Hoekstra A Y 2011b National water footprint
accounts: the green, blue and grey water footprint of
production and consumption Value of Water Research Report
Series (Delft, The Netherlands: UNESCO-IHE)

Mekonnen M M and Hoekstra A’ Y 2014a Water conservation
through trade: the case of Kenya Water Int. 39 45168

Mekonnen M M and Hoekstra A' Y 2014b Water footprint
benchmarks for crop production: a first global assessment
Ecol. Indicators 46 214-23

Mekonnen M M and Hoekstra A'Y 2016 Four billion people facing
severe water scarcity Sci. Adv. 21500323

Mueller N D, Gerber J S, Johnston M, Ray D K, Ramankutty N and
FoleyJ A 2012 Closing yield gaps through nutrient and water
management Nature 490 254-7

Orlowsky B, Hoekstra A Y, Gudmundsson L and Seneviratne SI
2014 Today’s virtual water consumption and trade under
future water scarcity Environ. Res. Lett. 9 074007

Pahlow M, Snowball ] and Fraser G 2015 Water footprint
assessment to inform water management and policy making
in South Africa Water SA 41 300-13

Qureshi A, McCornick P, Sarwar A and Sharma B 2010 Challenges
and prospects of sustainable groundwater management in the
Indus Basin, Pakistan Water Resour. Manage. 24 1551-69

Richter B D, DavisM M, Apse C and Konrad C 2012 A presumptive
standard for environmental flow protection River Res. Appl.
281312-21



http://dx.doi.org/10.5194/hess-14-119-2010
http://dx.doi.org/10.5194/hess-14-119-2010
http://dx.doi.org/10.5194/hess-14-119-2010
http://dx.doi.org/10.1029/2012GL051247
http://dx.doi.org/10.1029/2012GL051247
http://dx.doi.org/10.3390/su7055094
http://dx.doi.org/10.1016/j.ecolind.2012.07.024
http://dx.doi.org/10.1016/j.ecolind.2012.07.024
http://dx.doi.org/10.1016/j.ecolind.2012.07.024
http://dx.doi.org/10.1016/j.ecolind.2012.07.024
http://dx.doi.org/10.5194/hessd-12-6945-2015
http://dx.doi.org/10.5194/hessd-12-6945-2015
http://dx.doi.org/10.5194/hessd-12-6945-2015
http://dx.doi.org/10.1016/j.ecoinf.2014.05.012
http://dx.doi.org/10.1073/pnas.1404749111
http://dx.doi.org/10.1073/pnas.1404749111
http://dx.doi.org/10.1073/pnas.1404749111
http://dx.doi.org/10.1073/pnas.1203176109
http://dx.doi.org/10.1073/pnas.1203176109
http://dx.doi.org/10.1073/pnas.1203176109
http://dx.doi.org/10.1016/j.envint.2013.11.019
http://dx.doi.org/10.1016/j.envint.2013.11.019
http://dx.doi.org/10.1016/j.envint.2013.11.019
http://dx.doi.org/10.1016/j.ecolecon.2013.01.015
http://dx.doi.org/10.1016/j.ecolecon.2013.01.015
http://dx.doi.org/10.1016/j.ecolecon.2013.01.015
http://dx.doi.org/10.1088/1748-9326/8/1/014046
http://dx.doi.org/10.1088/1748-9326/8/1/014046
http://dx.doi.org/10.5194/hess-15-1641-2011
http://dx.doi.org/10.5194/hess-15-1641-2011
http://dx.doi.org/10.5194/hess-15-1641-2011
http://dx.doi.org/10.1038/nature10452
http://dx.doi.org/10.1038/nature10452
http://dx.doi.org/10.1038/nature10452
http://dx.doi.org/10.1038/nature10452
http://dx.doi.org/10.3390/w3010021
http://dx.doi.org/10.3390/w3010021
http://dx.doi.org/10.3390/w3010021
http://dx.doi.org/10.1016/j.ecolecon.2007.02.023
http://dx.doi.org/10.1016/j.ecolecon.2007.02.023
http://dx.doi.org/10.1016/j.ecolecon.2007.02.023
http://dx.doi.org/10.1007/s11269-006-9039-x
http://dx.doi.org/10.1007/s11269-006-9039-x
http://dx.doi.org/10.1007/s11269-006-9039-x
http://dx.doi.org/10.1073/pnas.1109936109
http://dx.doi.org/10.1073/pnas.1109936109
http://dx.doi.org/10.1073/pnas.1109936109
http://dx.doi.org/10.1371/journal.pone.0032688
http://dx.doi.org/10.1016/j.foodpol.2013.08.006
http://dx.doi.org/10.1016/j.foodpol.2013.08.006
http://dx.doi.org/10.1016/j.foodpol.2013.08.006
http://dx.doi.org/10.5194/hess-17-2473-2013
http://dx.doi.org/10.5194/hess-17-2473-2013
http://dx.doi.org/10.5194/hess-17-2473-2013
http://dx.doi.org/10.1016/j.scitotenv.2012.08.092
http://dx.doi.org/10.1016/j.scitotenv.2012.08.092
http://dx.doi.org/10.1016/j.scitotenv.2012.08.092
http://dx.doi.org/10.2139/ssrn.2159370
http://dx.doi.org/10.2139/ssrn.2159370
http://dx.doi.org/10.2139/ssrn.2159370
http://dx.doi.org/10.1080/02508060708691966
http://dx.doi.org/10.1080/02508060708691966
http://dx.doi.org/10.1080/02508060708691966
http://dx.doi.org/10.1098/rstb.2005.1644
http://dx.doi.org/10.1098/rstb.2005.1644
http://dx.doi.org/10.1098/rstb.2005.1644
http://dx.doi.org/10.5194/hess-15-1577-2011
http://dx.doi.org/10.5194/hess-15-1577-2011
http://dx.doi.org/10.5194/hess-15-1577-2011
http://dx.doi.org/10.1080/02508060.2014.922014
http://dx.doi.org/10.1080/02508060.2014.922014
http://dx.doi.org/10.1080/02508060.2014.922014
http://dx.doi.org/10.1016/j.ecolind.2014.06.013
http://dx.doi.org/10.1016/j.ecolind.2014.06.013
http://dx.doi.org/10.1016/j.ecolind.2014.06.013
http://dx.doi.org/10.1126/sciadv.1500323
http://dx.doi.org/10.1038/nature11420
http://dx.doi.org/10.1038/nature11420
http://dx.doi.org/10.1038/nature11420
http://dx.doi.org/10.1088/1748-9326/9/7/074007
http://dx.doi.org/10.4314/wsa.v41i3.02
http://dx.doi.org/10.4314/wsa.v41i3.02
http://dx.doi.org/10.4314/wsa.v41i3.02
http://dx.doi.org/10.1007/s11269-009-9513-3
http://dx.doi.org/10.1007/s11269-009-9513-3
http://dx.doi.org/10.1007/s11269-009-9513-3
http://dx.doi.org/10.1002/rra.1511
http://dx.doi.org/10.1002/rra.1511
http://dx.doi.org/10.1002/rra.1511

10P Publishing

Environ. Res. Lett. 11 (2016) 055002

Sarni W 2011 Corporate Water Strategies (London, UK: Earthscan)

Schyns J Fand Hoekstra A'Y 2014 The added value of water
footprint assessment for national water policy: a case study
for Morocco PLoS One 9 99705

Suweis S, Rinaldo A, Maritan A and D’Odorico P 2013 Water-
controlled wealth of nations Proc. Natl Acad. Sci. USA 110
4230-3

Vanham D, Mekonnen M M and Hoekstra A'Y 2013 The water
footprint of the EU for different diets Ecol. Indicators 32 1-8

Van Oel PR, Mekonnen M M and Hoekstra A Y 2009 The external
water footprint of the Netherlands: geographically-explicit
quantification and impact assessment Ecol. Econ. 69 82-92

AY Hoekstraand M M Mekonnen

Vorosmarty CJ, Hoekstra A Y, Bunn S E, Conway D and Gupta J
2015 Fresh water goes global Science 349 478—9

West P C et al 2014 Leverage points for improving global food
security and the environment Science 345 325-8

Westervelt A 2015 Is it fair to blame almond farmers for California’s
drought? The Guardian

YuY, Hubacek K, Feng K and Guan D 2010 Assessing regional and
global water footprints for the UK Ecol. Econ. 69 1140-7

Zwart S ], Bastiaanssen W G M, de Fraiture C and Molden DJ 2010
A global benchmark map of water productivity for
rainfed and irrigated wheat Agric. Water Manage. 97
1617-27



http://dx.doi.org/10.1371/journal.pone.0099705
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1073/pnas.1222452110
http://dx.doi.org/10.1016/j.ecolind.2013.02.020
http://dx.doi.org/10.1016/j.ecolind.2013.02.020
http://dx.doi.org/10.1016/j.ecolind.2013.02.020
http://dx.doi.org/10.1016/j.ecolecon.2009.07.014
http://dx.doi.org/10.1016/j.ecolecon.2009.07.014
http://dx.doi.org/10.1016/j.ecolecon.2009.07.014
http://dx.doi.org/10.1126/science.aac6009
http://dx.doi.org/10.1126/science.aac6009
http://dx.doi.org/10.1126/science.aac6009
http://dx.doi.org/10.1126/science.1246067
http://dx.doi.org/10.1126/science.1246067
http://dx.doi.org/10.1126/science.1246067
http://dx.doi.org/10.1016/j.ecolecon.2009.12.008
http://dx.doi.org/10.1016/j.ecolecon.2009.12.008
http://dx.doi.org/10.1016/j.ecolecon.2009.12.008
http://dx.doi.org/10.1016/j.agwat.2010.05.018
http://dx.doi.org/10.1016/j.agwat.2010.05.018
http://dx.doi.org/10.1016/j.agwat.2010.05.018
http://dx.doi.org/10.1016/j.agwat.2010.05.018

	1. Introduction
	2. Method
	3. Results
	3.1. Sustainability of the UK&#x02019;s global WF
	3.2. Efficiency of the UK&#x02019;s global WF and potential water savings

	4. Discussion
	5. Conclusion
	Acknowledgment
	References



