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Abstract

The global water requirements of economic activities have been studied through the
concept of the water footprint, which can be captured in multinational Input-Output
(I0) frameworks. While useful for looking at aggregate requirements, this paper links
the UK’s blue and green water footprint with a country-level water stress index. We
show that more than half of the UK’s blue water footprint was in areas of high water
stress, while its green water footprint is more concentrated in areas of lower water stress.
These findings show how water stress can be incorporated alongside measures of water
footprint. This can be critical in evaluating the success of policies aimed to improve
national and international water security and reduce water stress.
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1 Introduction

Water scarcity is a major global concern, with over 50% of the world’s population currently
facing “extremely high” or “high” levels of water stress (World Resources Institute, 2019)*.
This is being exacerbated by increasing demand for key goods and services (e.g., water, food
and energy), a growing global population, and the challenges posed to water accessibility from
the impacts of the ongoing climate emergency (Heal et al., 2020). Traditionally industrial
water demand in a country was measured by summing the water withdrawals for all sectors
of the economy (A. Hoekstra & Chapagain, 2006), however this fails to account for the
international pattern of production, trade and consumption, with the introduction of the
concept of virtual water (Allan, 1998) representing water embodied in a nations imports?.

A water footprint (WF) is the volume of water embedded in the production of goods and
services consumed by the population and economic sectors of a particular region (A. Hoek-
stra & Hung, 2002). Bottom-up methods to calculate WFs rely on detailed descriptions
of production life-cycles (e.g. Ercin, Mekonnen, and Hoekstra (2013)), while recent top-
down studies have used multinational or Multi Regional Input Output (MRIO) accounts
to examine the water requirements of consumption for a country or region, making use of
newly developed and internationally consistent economic and environmental accounts® (for
example, Haddad, Mengoub, and Vale (2020); Lenzen, Moran, Bhaduri, et al. (2013); White,
Feng, Sun, and Hubacek (2015); C. Zhang and Anadon (2014)).

Analysing water scarcity using footprint measures has been an area of critical inquiry
in light of a growing population and the impacts of climate change on freshwater systems.
In the Lifecycle Analysis (LCA) literature, a blue water scarcity index has been proposed

which ranges between 0 and 1 for each country (Pfister, Koehler, & Hellweg, 2009; Ridoutt &

!These are, respectively, where more than 80% of the available water supply is withdrawn by agriculture,
industry and municipalities or where over 40% of the available water supply is withdrawn (World Resources
Institute, 2019).

2For a recent review of virtual water research, see Sun et al. (2021).

3At a global scale albeit with different regional and sectoral disaggregation, this includes the databases
from WIOD, EXIOBASE and EORA, amongst others.
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Pfister, 2010) and can be used to weight water consumption by country to derive a scarcity-
weighted volumetric measure. Using MRIO techniques, Lenzen, Moran, Bhaduri, et al.
(2013) weight water (volume) in a country’s footprint by a water exploitation index and
examine “key flows” of scarce water resources embodied in global trade. This has been
criticised by A. Y. Hoekstra (2016) as inconsistent, including its adjustment of the original
volumetric basis of the WF and ignoring water stress on green water. We contribute to this
discussion by proposed the calculation of a an appropriately weighted water stress index,
which can be placed alongside the volumetric measure of a country’s global water footprint.

There are a number of studies examining national and regional WFs for the UK. A. Y. Hoek-
stra and Mekonnen (2016) find the UK suffers from “imported water risk”, with half of its
global blue* water footprint (BWF) originating in countries where the BWF is greater than
the maximum sustainable BWF. Hess, Andersson, Mena, and Williams (2015) examine the
blue water scarcity footprint of the UK’s food consumption, while Hess, Lennard, and Dac-
cache (2015) and Hess, Chatterton, Daccache, and Williams (2016) examine water scarcity
across UK regions in potato production and carbohydrate consumption respectively. Using
MRIO approaches, Yu, Hubacek, Feng, and Guan (2010) find considerable heterogeneity in
the domestic and global water requirements for UK and regional demand, a point also con-
firmed by Feng et al. (2011). More recently, and broadening the analysis of footprints beyond
water, Owen, Scott, and Barrett (2018) calculate energy, emissions and water footprints for
the UK. They show that the MRIO approach can be useful in revealing those policies where
the UK’s (global) resource inputs can be reduced while preserving the economic benefits to
its trading partners.

We illustrate our weighted water stress index using a MRIO approach and illustrate this
for the case of the UK and in doing so undertake the the first top-down analysis for the

UK’s global blue and green water footprint and country-specific measures of water stress.

4Blue water refers to water “water that has been sourced from surface or groundwater resources and is
either evaporated, incorporated into a product or taken from one body of water and returned to another, or
returned at a different time” while green water refers to “water from precipitation that is stored in the root
zone of the soil and evaporated, transpired or incorporated by plants” (Water Footprint Network, 2011).
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In doing so, we can compare a country’s own (self) water stress index measure and the
(weighted) water stress index of its global blue and green water footprint. Unlike Lenzen,
Moran, Bhaduri, et al. (2013), we do not weight volumetric measures for each countries
contribution to the UK’s footprint, but apply weights from each countries share in the UK’s
global water footprint to a water stress measure to construct a Water Footprint Stress Index

which can sit in parallel to the size of a country’s water footprint.

2 Materials and methods

2.1 Material

We use the EORA26 global MRIO database (Lenzen, Kanemoto, Moran, & Geschke, 2012;
Lenzen, Moran, Kanemoto, & Geschke, 2013) which contains details database on production,
consumption and trade for each of 26 sectors® and identifies six final demand categories®
across 189 countries. Its environmental accounts include information on blue and green water
use associated with production and in the direct consumption by final demand categories.
Data on water use by sector and country in the same year is provided by the Water Footprint
Network (see Lenzen, Moran, Bhaduri, et al. (2013) for details of the source of the water
data.)”. At time of writing, the latest data relate to 2015.

We measure country-specific water stress by “baseline water stress” measure reported in
World Resources Institute (2019). Figure 1 shows the baseline water stress score for all of the

140 countries included in this metric; ranging from 0 — “low water stress” — to 5 — “extremely

water stressed”®. As in Lenzen, Moran, Bhaduri, et al. (2013), we assume that the water

>This was presented in basic prices which is recommended for use in environmentally-extended IO anal-
ysis. The 26 sectors are given in Appendix 1.

6Specifically, “households”, “non-profit institutions”, “government”, “investment”, “inventories” and “ac-
quisitions”.

"Blue, green and grey water use is provided by the EORA environmental accounts, however we exclude
grey water from the analysis.

8While the huge range of countries in the EORA database exceeded the number of countries for whom
Aqueduct had provided water stress index, this was not a major issue for the UK’s blue and green water
footprints. With the identification of the UK’s water footprint from the EORA database, and then its
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stress score for blue and green water in each country is correlated, so that the country water
stress is equal for blue and green water. While there is therefore a difference in the initial
base years for our data, to our knowledge no time series of national water stress indexes is

available or any more recent publicly available water stress index”.

2.2 Methods

To calculate the UK’s blue and green WF we employ MRIO expanded to environmental 10
analysis linking water use data at the national /sectoral level. A single-region 10 framework
given by x = Lf, where x is sectoral output, f is final demand and L is the Leontief inverse,
is extended by the use of environmental-use coefficients by sector, €2, so that a vector of
environmental impact can be related to final demand via, M = QL f.1

In an illustrative two-country example for water use, for example, the environmental
impact in each country is associated with production locally, and the destination of products
either as sales to local sectors (as intermediate inputs to production) or local final demand or
exported (to either intermediate or final consumption in the other country). In a two-country

case therefore:

-1

My, M, B Q0 I—-An  —Ap fir fiz )
My Mao 0 Q —Ay I — Ay for fa2

where subscripts denote the producing and consuming country respectively, and [ is an

Identity matrix. The f matrices represent the final demand for the products of each country,

allocation to countries, we were able to allocate 99.96% of the UK’s blue water footprint and 99.80% of the
UK’s green water footprint in 2015 to a country with a baseline water stress measure. OQur measure of water
stress compares to those in other studies. For instance, S. Zhang et al. (2019) adopt a water stress indicator
from Zhao et al. (2015) which calculates water stress at the province level in China. Our water stress index
provides considerable international coverage which aligns well with the country level coverage of the EORA.

9For instance, the World Bank measure of “level of water stress” relates to 2014 for most countries and
2015 for some (World Bank, 2021).

10 A5 we do our analysis for blue and green water, we use vectors for blue water use per unit of output and
green water use per unit of output respectively. Q) denotes a diagonalised matrix with sectoral water-output
coefficients on the diagonals and zeros elsewhere.
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so that fi; is Country 1’s demand for the output of Country 1, whereas fi5 is the final demand
from Country 2 for Country 1’s output.

Matrices Ao and A, reveal the extent of non-local use of products in intermediate
consumption (i.e. imports and exports between regions of goods used in production) while
matrices fi2 and fy; refer to direct imports by (or exports to) non-local final demand. The
matrices of M,, show the water use in country a which is related to final demand in each
country b. From these, we can identify the water footprint of Country 1 (M;) as the sum of
My + My, while the water footprint of Country 2, (My), is My + MM

We calculate a Water Footprint Stress Index for the UK’s blue and green water footprint

as follows:

T
WSFIyx =Y  BWS6, (2)
b=1

BW S, is the “baseline water stress” measure for country b (obtained from World Re-
sources Institute (2019)) and §, is country b’s contribution to the UK’s total blue or green
global water footprint (e.g. Myyx/Myr). In addition by identifying the UK’s final demand
by industry we can calculate 26 separate blue and green water footprints and the respec-
tive blue and green water WFSI for each consumption good!?. This helps to identify which
specific product consumed by UK final demand — irrespective of its place of production — is

associated with the greatest water stress.!.

HNote that this necessarily means that the water embodied in the production of goods and services
consumed outside of the UK is attributed to the consuming country and is not included in the UK’s water
footprint.

12The blue and green water footprints are simply the summation of these 26 separate calculations.

I3Note that we are not seeking to explain a countries water stress levels - which will reflect a host of
resource endowment, geographical, climate and infrastructural issues - by looking at the external demands
for goods and services produced (using water resources) in that country, but to identify the location of water
stress and the extent to which water stress areas provide inputs to the consumption of goods and services in
different countries through the footprint calculation.
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3 Results

Table 1 shows that the total blue water footprint of the UK is 8 880 Mm3/yr, and that
household consumption comprises the largest category, with 7,353 Mm3/yr, comprised of
water embodied in goods and services consumed and also directly, i.e. in washing and
cooking. There is a similar pattern across final demand categories for the UK’s green water
footprint (which totals 86,751), with 84.2% of the UK’s footprint attributable to household
consumption (slightly higher than 82.8% of the UK’s blue water footprint).

Figure 2 shows the cumulative contribution — by country — to the UK’s blue and green
water footprint by the baseline water stress measure. Several things can be noted. First, we
see that almost 60% of the green water footprint is in countries with a water stress index
value of lower than 1.4. This is partly due to the UK’s green internal (i.e. own) water
footprint comprising 21% of its total green water footprint, and the UK’s water stress index
of 1.397. Second, for the UK’s blue water footprint, the UK’s internal footprint is only
9% of the total. The large increase in the UK’s cumulative blue water footprint above a
water stress index of 4.0, largely comprises water use in Pakistan and India (with baseline
water stress scores of 4.052 and 4.116) which respectively make up 10.3% and 18.9% of the
UK’s global blue water footprint. One can thus see how the UK’s blue water footprint is
particularly dependent on these specific countries.

We calculate the WFESIs of the UK’s green and blue water footprint as 1.735 and 2.835
respectively. Interestingly, both indexes are above the UK’s own index value of 1.397, and
quantifies the extent to which the UK is susceptible to “imported water risk”. We therefore
find a similar qualitative outcome to the earlier work of A. Y. Hoekstra and Mekonnen
(2016).

Figure 3 shows the contribution to the UK’s global blue and green water footprint in
2015 from the production of output by sector, as well as the WFSI (blue and green) for
that consumption. We can see that consumption of all products has a higher blue water

stress index than green water, and also there is considerably heterogeneity across outputs
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by industry. The UK’s demand for the outputs of Sector 5 (“Textiles and wearing apparel”)
has the highest water stress indexes (both blue and green) at 3.5 and 2.7 respectively, while
Sector 2 (“Fishing”) has the lowest water stress index.

Additionally, we do not find any relationship between the scale of the UK’s water footprint
by producing industry and the value of the water stress index. For instance, Sector 12
("Recycling") has a low contribution to the UK’s water footprint, but the second highest
blue and green Water Footprint Stress Index, while Sector 1 ("Agriculture") has the third
lowest Water Footprint Stress Indexes but is the second largest contributor to the UK’s

global water footprint.

4 Discussion

We have calculated the latest UK’s blue and green water footprint using the EORA MRIO
database, and calculated the Water Footprint Stress Index associated with UK consumption
irrespective of country of production. While the UK is a relatively water abundant country,
we find that both its blue and green WFSI are significantly higher than the same index for the
UK. This points to both the UK’s dependence for its consumption on water extraction beyond
its borders, including in countries which exhibit higher water stress the water abundant UK.

Two points can be made. First, our approach highlights how economic measures of
consumption can be linked to environmental consequences, including water use. Changes to
rainfall patterns and droughts have become more regular with changes in climate. Critically,
changes in climate and rainfall will also have consequences for production and trade, so a
simple volumetric measure of global water footprint would not show the extent to which
countries external water demands in water scarce regions.

Second, in devising policies to reduce the environmental impacts of economic activity, the

water footprint metric recognises the interconnected and international nature of economic

1 Our argument here is similar to that of Vanham and Mekonnen (2021) against a scarcity-weighted water
footprint.
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activity, including trade and consumption. Evidence suggests however that policies might
not only reduce a country’s global footprint, but also have a large effect on demand for
environmental resources outside of their own borders (e.g. Moran et al. (2020)). These
metrics can help to evaluate the impact that national policies to reducing water consumption
could have on economic activities and environmental impacts beyond a country’s borders.
MRIO techniques can usefully shed light on issues relating to global interconnectedness, such
as water use and other environmental impacts at sectoral, national and international levels.

Third, we show how - for a limited degree of sectoral detail - there are large differences
in the global water requirements for consumption of different goods and services in a water-
abundant country. Reproducing this method with a more highly disaggregated level would
allow a more detailed analysis of the water embodied in specific products/commodities and

the consumption and production links between countries.
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Table 1: UK water footprint, blue and green, by final demand driver, in 2015, M m?

Global blue water use from UK consumption Domestic blue water use from direct final demand Total blue water Global green water use from UK consumption Total blue and green water footprint
Households 7,146 207 7,353 73,113 80,466
Non-Profits 63 0 64 573 637
Government 562 0 562 4,927 5,489
Investment 878 0 878 7,974 8,852
Inventories 7 0 8 65 73
Acquisitions 14 0 15 98 113
Total 8,671 209 8,880 86,751 95,631

a1

Source: Authors’ calculations.
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Figure 1: Baseline water stress score by country
Source: WRI Aqueduct, accessed on 1st August 2020.
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Figure 2: Cumulative UK blue and green water footprints by water stress index, 2015

Source: Authors’ calculations.
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Figure 3: UK’s global total water footprint and blue and green water stress indexes by sector
of consumption, 2015

Source: Authors’ calculations.
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Figure captions

Figure 1: Baseline water stress score by country.
Figure 2: Cumulative UK blue and green water footprints by water stress index, 2015.
Figure 3: UK’s global total water footprint and blue and green water stress indexes by sector

of consumption, 2015.
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A.1: Sectoral aggregation in EORA26

Name

Agriculture

Fishing

Mining and Quarrying

Food & Beverages

Textiles and Wearing Apparel

Wood and Paper

Petroleum, Chemical and Non-Metallic Mineral Products
Metal Products

Electrical and Machinery

Transport Equipment

Other Manufacturing

Recycling

Electricity, Gas and Water
Construction

Maintenance and Repair

Wholesale Trade

Retail Trade

Hotels and Restaurants

Transport

Post and Telecommunications
Financial Intermediation and Business Activities
Public Administration

Education, Health and Other Services
Private Households

Others

Re-export & Re-import

Source: Lenzen, Moran, Kanemoto, and Geschke (2013)
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