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Abstract: This paper investigates the relationship between economic development
and water pressures using a global Multiregional Input-Output model (MRIO) dataset
that takes into account the increasingly connected global supply chains underlying the
economic systems. In particular, we analyse differences in water indicator outcomes
by income level amongst European Union countries (EU27) from 1995 to 2008,
focusing specifically on production and consumption-based water metrics for the
member states. We use panel fixed effects regressions to study the dynamics of
adjustment of water resources alongside controlling for individual country
heterogeneity. Our main results indicate that the effects differ substantially depending
on the approach used for measurement, especially when we conditioned on the
country economic development, indicating opposite trajectories of water consumption
and per capita gross domestic product (GDP). Furthermore, the analysis of the main
components associated to water indicators highlight the role of water embodied in
trade flows as the transmission mechanisms of the main effects. In particular, our
estimates suggest that the growth path followed by the most developed areas in the
EU27 is based on the externalisation of the environmental burden over the less
developed European partners, and external developing countries. On the policy front,
our findings call for the implementation of integrated water resources management,
technological specific policies and the corresponding environmental regulation to
combine the conservation of water ecosystems and sustainable economic growth at
the national, supranational and global levels.
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1. Introduction

The extensive economic growth experienced by the world during the twentieth
century, and its associated processes as structural change, urbanization or
technological development, have profoundly affected the relationship of human
civilizations with natural ecosystems. The growing extraction of natural resources, the
intensification of pollution and the extinction of biodiversity have brought the
negative sides of modern economic growth to light. As an example, during this period
global material use increased eightfold (Krausmann et al., 2009) and CO, emissions
by a factor of 13 (Smil, 2008). In this framework, the understanding of global
environmental pressures and their interactions with economic growth is currently one
of the major concerns of international institutions (UNEP, 2011). Scientific literature
has also assessed the relationships between economic activity and environmental
impacts, focusing mostly on materials use and greenhouse emissions (recent studies
can be found in: Galli et al., 2017; Naqvi and Zwickl, 2017; Steinberger et al., 2013;
Stern, 2010). In the case of water, this type of studies were mostly developed during
the last fifteen years, given the availability of new international and comparable
information on the use and consumption of water resources (some examples of these
databases are: AQUASTAT, Water Footprint Network, EUROSTAT, etc.).

Since the 1900s to the end of the century water use rose sixfold (WMO, 1997).
Population and economic growth have been pointed out as two of the main
contributors to this upward trend (Vordésmarty et al., 2005; WWAP, 2015). As a
result, pressures on water resources have exacerbated. Currently as much as 25% of
freshwater withdrawals exceed accessible supplies (Vorosmarty et al., 2005), and
according to UN-Water (2006) “almost one-fifth of the world's population, live in
areas of physical scarcity, and 500 million people are approaching this situation.
Another 1.6 billion people, or almost one quarter of the world's population, face

economic water shortage”.

This growing institutional awareness and the collection of global water data have led
to an intense spread of the studies on the temporal patterns of water availability and
use, and their driving forces, particularly in the last decade. Some of these works test
the existence of the Environmental Kuznets Curve (EKC) on water withdrawal and
water consumption (Cole, 2004; Duarte et al., 2013; Gupta, 2015; Katz, 2015), or



check the effectiveness of water management policies (Ziolkowska and Ziolkowski,
2016). All this literature is based on the production-based approach, i.e., it only
considers the water directly abstracted or consumed in the countries. Thus, these
assessments do not account for the volume of water embodied in trade flows, a
component especially important in a highly globalized context. In particular, as Chen
and Chen (2013) show, water embodied in international trade represented about 30%
of total water use in the world in 2004. In this line, the concept of virtual water,
defines the volume of water required to produce a commodity, i.e., the water
embodied into a product (Allan, 1993). It informs on the environmental impact of
consuming this product and it is closely linked to the water footprint (WF).
Introduced by Hoekstra and Hung (2002), the WF reflects the virtual water content of
all goods and services directly and indirectly consumed by people. More concretely,
the WF of a nation is the freshwater embedded in the production process of goods and
services consumed by its population. It is a consumption-based metric, which includes
the total consumption of water, regardless of whether it comes from domestic sources
or it is embodied in trade flows (Hoekstra et al., 2011). The WF can be calculated
using the bottom-up or the top-down methodologies. The former has been employed
in specific studies that use the WF to determine the existence of decoupling (Gilmont,
2016, 2015), test cross-sectional EKCs by means of econometric techniques
(Miglietta et al., 2016; Sebri, 2015) or analyse the drivers of the WF using
decomposition techniques (Zhao and Chen, 2014). More recently, the top-down
approach has been applied to examine the relationship between economic activity and
water pressures (Wang et al., 2016).

This paper is concerned with the links between economic development and water
consumption. In particular, we analyse differences in water indicator outcomes by per
capita gross domestic product (GDP) amongst European Union countries (EU27)
during the period 1995-2008, focusing specifically on production-based and
consumed-based water consumption values measured at the country level. Recent
studies, although limited by the cross-sectional nature of the analysis, have underlined
the existence of varying and potentially opposite effects economic growth can have
on water resources depending on the aforementioned water consumption account of
interest (Wang et al., 2016; Wang and Zimmerman, 2016). To the best of our

knowledge, we contribute to the existing literature as the first study that combines a



global Multiregional Input-Output model (MRIO) and longitudinal analysis to offer a
temporal perspective on the interdependencies of economic development and the
dynamics of water resources. The main advantage of using longitudinal analysis,
which tracks the same type of information on the same countries at multiple points in
time, is that allows to study dynamic relationships and to account for differences
across countries. Therefore, we additionally present estimates modelling the presence
of country economic heterogeneity that provide a more precise understanding of the

adjustment mechanisms of water indicators.

More concretely, we use a global MRIO extended to water resources. MRIO models
are powerful tools that trace all the economic linkages from production to final
consumption in global supply chains, providing a comprehensive framework to track
down (at the sector and country levels) the economic interdependencies behind
environmental impacts. As a result, they allow quantifying the anthropogenic
production and consumption responsibilities on the pressures on water resources.
Furthermore, considering that impacts on water occur at a local scale via production
activities, but reach a global level through international trade, it will also be possible
to disentangle the domestic and foreign components driving water consumption.
Despite their explanatory power, MRIO models present two main drawbacks
compared to bottom-up approaches. First, they require sectorial data, involving some
loss in disaggregation detail. Secondly, they usually cover a limited number of years
(Galli et al., 2013). In accordance with our research question it is critical to consider
the volume of water embodied in trade flows, and therefore we will quantify the water
metrics applying the top-down methodology. These water indicators will serve as the
main dependent variables considered in the panel data econometric model to measure
the role of per capita GDP as the most relevant driver of water impacts through

production, consumption and trade.

We will carry out the analysis by considering the EU27 as a case study. Drawing on
data from the World Development Indicators of the World Bank (World Bank, 2016)
and the World Input Output Database (WIOD), we observe that with only 7% of the
world population and 4% of global renewable water resources, EU27 represented
about 27% of global GDP in 2008 and imported around 32% of the water embodied in
all international trade flows. The relevance of water embodied in trade together with

the heterogeneity in this region, with countries at different stages of development,



makes the EU27 a good framework to contrast production and consumption-based
water indicators and the impact of economic development. In this study water is
identified with blue water, defined as the freshwater from surface or ground sources
(Hoekstra et al., 2011) that can be directly managed by human activity. There are
interesting studies on the quantification of the EU water impacts using input-output
modelling (Lutter et al., 2016; Serrano et al., 2016; Steen-Olsen et al., 2012; Vanham
and Bidoglio, 2013). While the previous works focus on a specific year, our study
offers for the first time a dynamic perspective for the period from 1995 to 2008.
These years are particularly relevant. First, with an average annual growth over 2%,
the EU experienced an intense and sustained economic growth. Secondly, the
progressive incorporation of new member states during these years allows comparison
of water impacts by distinct income patterns. Thus, the temporal perspective will
enable us to contrast trends on the production and consumption-based metrics,
evaluating the offshoring of environmental damage via intra- and extra-European

trade flows.

The rest of the paper is organized as follows. Section 2 describes the data and
methods used. Section 3 shows the main results. First, sub-section 3.1 proceeds with a
descriptive analysis on the water consumption trends observed in the EU27, using the
indicators obtained with the extended MRIO model. Then, in sub-section 3.2 we
apply a panel data econometric model to quantify the impact of per capita GDP on the
different water consumption metrics. Finally, the paper closes discussing the relevant

findings and presenting the main conclusions of the study.

2. Data and methodology

Our analysis uses MRIO tables for the period 1995-2008 taken from the WIOD. They
inform on the economic linkages along supply chains among 35 sectors in 41 areas
(40 countries and the Rest of the World (RoW)), differentiating intermediate and final
demands (consumption by households, non-profit organizations serving households,
government, capital investment, and changes in inventories) (Dietzenbacher et al.,
2013; Timmer et al., 2015). This database is particularly suitable for the study of the
dynamics of water resources in the EU. First, it offers information for its 27 members.
Second, it provides data on direct water consumption (DW) comparable to the MRIO

tables. Finally, the availability of environmental information and tables for 15 years



allows studying the impact of economic activity on water resources from a temporal
perspective. This is merged by the countries’ 1SO code with recent economic and
social indicators, namely GDP (expressed at constant 2010US$) and population data
(P hereafter) taken from the World Development Indicators of the World Bank
(World Bank, 2016).

MRIO tables are environmentally extended to water resources using data on water
consumption from the WIOD environmental accounts (Genty et al., 2012). More
concretely, we use the specific information on blue water, defined as fresh surface and

groundwater that can be withdrawn from lakes, rivers and aquifers.

International institutions such as the Organisation for Economic Co-operation and
Development (OECD), the United Nations (UN) or Eurostat have contributed to the
development and standardisation of input-output tables. Input-output modelling and
its extensions have been widely used as a tool for the analysis of macroeconomic,
social and environmental impacts of multi-sectorial, and more recently, supranational
economic activities. In this regard, one of the major contributions of global MRIO
models is their description of global supply chains that allow measuring the
responsibility for environmental burdens and the role of international trade (Tukker
and Dietzenbacher, 2013). More concretely, the use of WIOD will enable separating
the producer and consumer responsibilities on water consumption using a temporal

perspective.

Departing from the basic input-output equation proposed by Leontief (1941), we
obtain total output by adding intermediate and final demands in a multiregional

framework:
x=Ax+y (1)

Being x a vector of total output per country and sector, A the multiregional matrix of
technical coefficients and y the vector of final demands. The total output can be also

expressed as a function of the Leontief inverse defined for the global economy as:
x=1-A)ly=Ly (2

Following Proops (1988) the MRIO model is environmentally extended. We define a

diagonal matrix (W) with information of the water directly consumed per unit of total



output in each sector and country (water intensity). Pre-multiplying equation (2) by W
and applying the demand breakdown proposed in Cazcarro et al. (2012), we
analytically obtain the MRIO model extended to water resources:
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Matrix W informs on all the embodied water flows in the global economy associated

to the good and services traded among countries and domestically consumed in each

nation. Each of the block matrices W, in W is composed of eré elements that
capture the water directly and indirectly consumed in sector i of country r to meet the
final demand of sector j in country s.

From equation (3), it is possible to calculate all the relevant variables for our study.
Firstly, summing by rows we obtain the water consumed by each country measured
from the producer responsibility approach, or DW (dwg in (4)). DW shows the water
directly consumed in the production activities of country s. It can be decomposed into
two elements. First, the volume of domestic resources that meet internal demands of
country s (Domestic) expressed as wa°™ in equation (4). Second, virtual water
exports (VWX) that capture the water resources consumed in s and embodied in the
products exported to other countries r (r#s) and represented as vwxg in (4).

Analytically, being e a vector of ones, it can be expressed as:
dw, =Y, e'W,e = eWie + Y,.. e’ We = wi™ + vwx,  (4)

Similarly, summing by columns, we get the water consumption of countries
accounted from the consumption responsibility approach or the WF (wf; in equation

(5)). It describes the water directly and indirectly consumed in every country to meet



its own final demand regardless whether water resources are domestic or external.
The external component of the WF is known as virtual water imports (VWM) and
reflects the water embodied in the goods and services consumed in s but produced
outside the borders of the country and is expressed as vwmyg in (5). Subsequently, the

WE can be obtained as:
wf, =Y, e'W e =e'W,e+Y, . ..eW.e=w"+vwm, (5

Additionally, it is possible to obtain the virtual water trade balance (VWTB), i.e., the
gap between VWM and VWX, as follows:

vwtb, = wf, —dws = Y, .. e'We — ), .. e'We = vwm, — vwx,  (6)

Note that, at the country level, this is exactly the difference between the consumption
(WF) and production approach (DW) applied to water resources. This allows us to
define a country s as a net importer of embodied water when VWM are higher than
VWX, or similarly, when the WF exceeds DW. It indicates that the pressures exerted
on foreign water resources are higher than the impacts on domestic water as a result
of international trade. On the contrary, s is net exporter of water if VWX are larger
than VWM or DW exceeds WF.

Matrix W is estimated for the 41 areas contained in the WIOD. However as the main
goal of this study is to examine water consumption dynamics in the EU27, we select
the specific information refereeing to its 27 members. Then, an extensive descriptive
analysis is carried out focusing on the variables estimated using the MRIO model in

order to characterised the main trends at the European, country and sector levels.

Turning to the econometric analysis, our approach relies on panel data techniques
given the characteristics of the WIOD that provides detailed information on a cross-
section of countries over several time periods. This methodology allows us to control
for individual country heterogeneity alongside studying the dynamics of adjustment
of water resources. We are interested in analysing the impact of variables that change
over time (i.e., GDP) focusing on a specific set of countries (i.e., EU27), and in
particular, differences over time between the predictor and outcome variables within
those countries. On the other hand, each country has its own (un)observed individual
characteristics, considering that EU members have different economic, structural and

technological patterns, which might influence the predictor variables and need to be



control for. In this regard, the Fixed Effects (FE) model, also known as the within
estimator, is designed to study the causes of changes within an entity (e.g., countries)
providing consistent results (Clark and Linzer, 2015). FE estimation removes those
time invariant characteristics by eliminating the average differences between
countries prior to estimation —the between variation, so we can assess the net effect of
the corresponding regressors on the outcome variables. Thus the coefficient estimates
exploit the variation within the countries. Moreover, the FE model controls for all
time-invariant differences between the countries, so the estimated coefficients cannot
be biased because of omitted time-invariant characteristics. We will further include
time effects in our estimation to control for any unexpected variation or special events

that may affect the outcome variables.!

We now explain the estimation strategy that allows us to estimate the effect of
country-specific changes in GDP per capita on country-specific changes in DW (and
the other outcome variables of interest obtained in equations (4) and (5), i.e., WF,
Domestic, VWX and VWM). Specifically, we estimate the model:

Ln(DW/P)it =a;+y, + ﬁan(GDP/P)it + B, [Ln(GDP/P)]i + &t (7)

where a; are the country fixed effects that capture unobservable time invariant
country characteristics, and y, are the year fixed effects that capture events common
to all countries. The parameter estimate £3; reflects the marginal effect that country
specific changes in GDP per capita have on country specific changes in DW, and £,
shows second order effects allowing for potential non-linear effects of GDP per
capita. g;; represents the idiosyncratic error term that is clustered at the country level

thus might be serially correlate within countries.

3. Results
3.1. Descriptive analysis

Most of the relevant literature (Vorosmarty et al., 2005; Wang et al., 2016; WWAP,
2015) points at population growth and economic development as the main drivers of

1 Relevant references covering panel data econometrics are Hsiao (2003), Wooldridge (2010) and Baltagi (2013),
among others. A full technical exposition can be found in Arellano (2003).



water consumption. This hypothesis holds when all available countries in our sample
are considered at once. Water consumption has gradually increased worldwide from
1995 to 2008. Growing at 1.9% every year, it virtually mimics the trend followed by
per capita GDP in the period.

Figure 1 represents the dynamics of the DW and WF indicators and the trajectory
followed by per capita income in six different regions, considered as representative of
water consumption patterns worldwide. Moreover, using equation (6) it is possible to
determine the path described by the VWTB that helps establishing specific trade
patterns. At first glance two conclusions can be reached. First, developing areas such
as China, Brazil and Russia show growing DW and WF that follow the trend
displayed by per capita GDP. Besides, the three of them appear as net exporters of
embodied water during the period, remaining the gap between VWX and VWM quite
stable in China and Brazil, and closing down in Russia. Second, in high-income areas,
which appear as net importers of water, the trajectories of water consumption and per
capita GDP do not match. As income gradually grows, DW slows down in the 2000s
reaching a turning point. In the case of Australia and USA it does also happen for the
WEF. Notwithstanding, the EU27 has experienced a significant decline in the DW from
the beginning of the twenty-first century, but depicts a gradual increase in the WF.
Although DW would indicate that from 2001 Europe was growing without
corresponding increases in water pressures, the WF draws the opposite conclusion.
These facts highlight the need of considering both the production- and consumption-
based approaches when looking for the links between economic development and

environmental pressures.

Focusing on the EU27, the consumption of water resources for production activities
(DW) slightly increased between 1995 and 2008, showing an annual growth rate of
0.46%. As depicted in Figure 1, this growth was particularly intense until 2001
decreasing afterwards at 1.36% every year, and notably diverging from the positive
and vigorous increase in per capita income (1.65%). The deceleration of DW was
mainly driven by the decline in Domestic water consumption, since VWX displayed a
pacy growth for the entire period (2.76% average annual growth rate). In sum,
although the EU27 kept consuming domestic water resources for exports, it was the

decline in the consumptive use to meet internal demand that made DW to flatten.
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Figure 1: Trends in DW, WF and GDP from 1995 to 2008 in six different world regions. Variables are
expressed in per capita and logs. DW and WF are represented in the left hand-side vertical axis. GDP is
shown in the right hand-side vertical axis. The horizontal axis depicts the time span.

This picture, as we have previously indicated, is completely different when we
measure water consumption from the consumption-based approach, i.e., using WF,
showing between 1995 and 2008 a yearly average growth of 1.53%. Yet the Domestic
component was decreasing moderately between 2001 and 2008, the increment of the
WEF was totally driven by the increase in VWM that grew at 3.15% during the same
period. Hence, EU27 were gradually externalising water consumption by substituting
the consumption of domestic with foreign water resources to satisfy their final
demands for consumption and investment. Along this line, Figure 1 indicates that
EU27 behaves as a net importer of water resources, i.e., VWM were larger than
VWX. This indicates that the water resources embodied in EU27 imports from the
rest of the world exceeded the volume of internal water consumed to produce goods
and services exported outside the borders of the EU27. This pattern has tended to
strengthen as the gap between VWM and VWX substantially widens at the end of the

period. On average, net imports grew at 3.3% yearly.

Looking at the contributions by industry classification (based on the NACE rev. 1 in
WIOD tables), three sectors were driving the increase in DW in the EU27 between
1995 and 2008: Agriculture, Hunting, Forestry and Fishing, Chemicals and Other
Manufactures (Table 1). Specifically, the chemicals sector DW growth was

particularly intense, growing at 4.4% every year. Considering the consumption
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responsibility, these sectors also contributed to the growth in the European WF
although their shares were significantly lower. This can be explained by the indirect
water consumption coming from sectors that have strong economic linkages with
them such as the Food Industry, Hotels and Restaurants or Construction, among
others. Their shares on total WF ranged from 5.3% (Hotels and Restaurants) to 20%
(Other Services as Health and Social Work).

Table 1: Change (A) and contribution to change (%) in EU27 DW and WF by sectors, 1995-2008.

DW WF

A (10° m) %  A(10°m°) %
Agriculture, Hunting, Forestry and Fishing 4,314 60.1 6,242 16.3
Food, Beverages and Tobacco 428 6.0 5,427 14.2
Textiles and Textile Products 9 0.1 1,049 2.7
Construction 0 0.0 2,410 6.3
Hotels and Restaurants 0 0.0 2,008 5.3
Electricity, Gas and Water Supply 174 2.4 -19 -0.1
Other Manufactures 818 114 7,723 20.2
Trade and transport 0 0.0 2,392 6.3
Other Services 0 0.0 7,243 19.0
Mining, Quarrying, Coke, Petroleum, Nuclear Fuel 0 0.0 1,837 4.8
Chemicals and Chemical Products 1,440 20.0 1,888 4.9
TOTAL 7,183  100.0 38,199 100.0

At the country level most of the growth in DW consumption between 1995 and 2008
took place in Spain (representing 85% of the change in total EU27 DW), Italy and
Finland. As Figure 2 shows, these countries (as well as others such as Romania and
Poland) increased the consumption of domestic water endowment to meet foreign
(VWX), and internal demands (Domestic). The growth was particularly intense if we
look at the external component, for instance VWX rose yearly at 6% in Spain. More
concretely, DW was boosted by the Electrical sector in Finland and Italy (see Figure
A2); whilst in Spain the Agricultural sector (highly intensive in blue water resources
given the importance of irrigation) was behind this change. The specific economic
activities of these areas also boosted the impact on water resources measured with the

consumption-based approach contributing up to 44% to the EU27 WF growth.

On the other hand, areas such as France, Portugal and Greece depict a decreasing DW
indicator. The fall in the domestic component comes as the explanatory factor for the
first two countries, whereas in Greece both the domestic consumption (that accounts
for 84% of the decline) and VWX were triggering this trajectory. Figure A2 shows

how both the Agriculture and Electricity sectors were behind this fall in Portugal and
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Greece, but only the latter in the case of France. In per capita terms, Cyprus
experienced the largest fall in DW (mostly associated to Agriculture) decreasing by
286 m3/p from 1995 to 2008. This is far from other Mediterranean countries such as
Portugal and Greece where the fall was about 96 m®/P and 84 m®/p, respectively (see
Figure Al).
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Figure 2: Change in DW (km3) and WF (km3) of the EU27 by domestic and trade components (VWX
and VWM), 1995-2008

Looking at the WF, Spain (21%), Great Britain (18%), Italy (10%) and Germany
(9%) were the most significant contributors to its increase. This growth was mostly
driven by VWM that increased in every EU state but Luxembourg, chiefly in eastern
countries. For instance, VWM soared in Poland and Romania, growing at 9.1% and
8.4% every year, respectively. Furthermore, countries such as Germany and Great
Britain were notably substituting the consumption of domestic water resources with
VWM (see Figure 2). At the sector level, Manufactures and the Electricity determined
this variation in Germany, and the Hotels and Restaurants as well as Other Services
also entailed a considerable increase in the UK WF. In relative terms, as Figure Al
shows, Finland, Ireland and Belgium stand out with an increase in per capita WF of
around 200 m*/p. All these areas also depicted a significant growth in VWM per
capita. In other countries such as Austria, Luxembourg and Portugal the WF slightly
fell. This can be explained by the fall of the domestic component (except for
Luxembourg) related to the Electricity sector since VWM kept growing. In relative
terms, Luxembourg experienced the highest fall in the WF per capita during the
period 1995-2008, accounting for about 200 m®/P (see Figure Al).
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Overall, the WF experienced a higher increase than DW basically due to the upsurge
in VWM during these years (see Figure 1). From this perspective, not only was the
agricultural sector that triggered the increase in water consumption, as we can also
observe important pressures exerted by the Food Industry, Construction, the Hotel and
Restaurants sectors or Other Manufactures and Services (see the case of Spain and
Italy in Figure A2). Finally, considering population (Figure Al), Finland, Slovenia,
Spain and Latvia displayed the largest increase in DW. From 1995 to 2008 each
Finish citizen directly increased water consumption by 172 m*/p, about twice as much

as the absolute growth in Spain and Slovenia.

In 2008, all European countries but Sweden and Austria were net importers of blue
water (see Figure A3). Despite VWX kept growing during the period 1995-2008 in
most nations, the increase in VWM has been so intense that widened the gap between
VWM and VWX. This indicates that the trend towards the externalisation of
environmental pressures on water has strengthened and seems to be common in most
EU27 areas. Our data suggests that this trajectory has been especially intense in
developed areas such as Great Britain, France and Germany, which together
contributed around 45% to the increase in net VWM. When considering population,
this pattern is very strong in Belgium, Cyprus and lIreland. Finally, we find very
insightful facts looking at VWM by the origin of water (Figure A3). Firstly, on
average, 80% of the water embodied in the imports of EU27 members comes from
non-European areas. From 1995 to 2008, this trend intensified in the most developed
areas in the EU27, where the share of VWM from the rest of the world rose. On the
contrary, the contribution of VWM from EU27 to total VWM increased in low-
income areas. As an example, about 94% of the rise in the Danish VWM was due to
the increase in imports from non-EU27. This figure declines if we look at Hungary,
although it still represents around 59%. As for VWX, the pattern was the opposite.
EU27 mostly exported water embodied within the EU, on average representing
between 60% and 65% of total VWX in EU27. The growth within EU27 VWX was to
a large extent driven by low-income countries such as Romania, where the increase in
VWX to EU27 represented 76% of the rise in Romanian total VWX. The former
results go in line with the findings of a recent study on intra-European agricultural
virtual water trade flows (Antonelli et al., 2017).

3.2.  Estimation results and discussion
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We start our analysis by checking for the presence of linear relationships amongst our
indicators. Table 2 shows the pairwise correlation coefficients for each of our
outcome variables and GDP. All variables are expressed in logs and per capita terms.
Results clearly indicate that VWM and WF are strongly correlated with GDP whereas
VMX and GDP show a rather moderate relation. On the other hand, the association
with GPD is small for DW and practically non-existent for Domestic water.

Table 2: Pairwise correlations.

DW WF Domestic VWX VWM

GDP 0.202" 0.708™" 0.092 0.329™ 0.932"™

Note:"p<0.1,” p<0.05 "~ p<0.01. All the variables are in logs and per capita terms.

Visual inspection of the data is useful to clarify the existence of linear relationships,
thus Figure 2 shows the corresponding scatterplots. The left hand panel displays the
results for DW and its components, Domestic and VWX, and the right hand panel the
results for WF and its components, Domestic and VWM, with GDP. The scatterplot
shows a definite positive linear relationship between WF and GPD that is mainly
driven by VWM. The moderate linear relationship between DW and GDP is also
driven by VMX. There appears to be no relation between the Domestic water
consumption and income. These descriptive results reinforce the relevant role of trade
when analysing impacts on water resources, and show the importance of considering
both the production and consumption-based methodologies to obtain meaningful

estimates.
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Figure 3: Scatter plots. GDP versus water indicators (DW, WF, Domestic, VWX and VWM). All the
variables are in logs and per capita terms.

While we begin our analysis by using descriptive techniques to explore the general
characteristics of our data, we aim to identify and measure effects associated to the
dynamics of adjustment of water resources. Table 3 summarises the findings of the
link between within-country variation in GDP per capita and within-country variation
in water indicators allowing for possible nonlinear covariate effects. All variables are
expressed in logs and per capita terms. We present estimates corresponding to
equation (7) using panel-corrected-standard-errors least square estimation that
accounts for heteroskedastic and contemporaneously correlated disturbances across
panels, and including country fixed effects as well as year fixed effects in all

specifications.

Columns (1)-(7) of Table 3 show the corresponding point estimates on our GDP
measure that are mostly significant at the 1% level. The point estimates in columns
(1)-(2) show the positive link between the main water indicators considering both the
production and consumption-based perspectives, and economic growth, implying that
a 1% increase in GDP increases DW and WF by 1.17 and 2.64 per cent respectively.
Columns (3)-(7) refer to the main components associated to water indicators covering
both intra- and extra-EU trade flows to account for potential differences in trade
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patterns. Regarding the production-based approach, GDP affects trade variables in
opposite directions increasing intra-EU exports, by 3.22%, and decreasing exports to
non-European countries by 2.52%. On the other hand, increases in the WF are clearly
driven by the positive effect of GDP in both intra- and extra-EU imports, accounting
for 7.16 and 4.94% respectively. Finally, GDP and Domestic water are positively
related also contributing to the increase of the water indicators.

Table 3: Estimation results.

DW WF Domestic  !MraEU  ExtraEU  IntraEU  Extra-EU

VWX VWX VWM VWM

GDP L16O%*  2.842%%%  2035%%% 3207 DGIGRAX  715@RRk 4 Q43%kx
(0.537) (0.615) (0.621) (0.736) (0.718) (0.596) (0.851)

GDP? -0.0314  -0.0998***  -0.0684*  -0.158%**  (.135%%*  -0.320%**  -0.222%**

(0.0300)  (0.0347) (0.0351)  (0.0402)  (0.0409)  (0.0335)  (0.0480)

Observations 378 378 378 378 378 378 378
Adjusted R? 0.990 0.973 0.991 0.974 0.974 0.977 0.968

Notes: " p < 0.1, ~ p < 0.05, ™ p < 0.01. All the variables are in logs and per capita terms. Corrected standard errors for
correlation and heteroskedasticity in parentheses. All specifications include year and country fix effects.

These findings highlight the effects of belonging to a supranational organisation
suggesting that EU countries have tightened their commercial ties alongside economic
growth, which also have a significant impact on the consumption of water resources.
As GDP grows water embodied into products for intra-EU exports have increased
thus positively affecting DW, whereas extra-EU export flows that satisfy external
demand using European resources have declined. The trade pattern from the
consumption side follows a similar trend regarding the increment of intra-EU imports,
showing also positive effects when we consider imports from non-European
countries. Nevertheless, the contribution of water embodied into imported products
amongst European countries to the WF, conditioned on GDP, is about 40% higher
compared to imports coming from non-European countries, which reinforces the idea

of stronger commercial connections within the EU.

At this point, it is important to further consider the dynamics of the formation of the
EU where countries with different economic, structural and technological
characteristics have joined in at different points of time. These differences are
reflected in the heterogeneity of EU members as countries at particular stages of
economic progress develop their economics at different rates, and therefore have

distinct trends of consumption, production and trade patterns. Thus, it is reasonable to
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expect that the effect of GDP on our water indicators might differ depending on the

country economic development.

Table 4: Estimation results for high-income and low-income EU27.

Intra-EU Extra-EU Intra-EU Extra-EU

DW WF Domestic VWX VWX VWM VWM

High-income countries

GDP -8.729*** 17.22%** -2.679 -12.26*%** -19.14*** 8.996*** 29.90***
(2.036) (2.766) (2.836) (2.446) (2.497) (1.972) (3.862)
GDP? 0.409*** -0.780*** 0.132 0.542*** 0.898*** -0.379*** -1.376***
(0.0939) (0.128) (0.130) (0.113) (0.116) (0.0869) (0.181)
Observations 189 189 189 189 189 189 189
Adjusted R? 0.995 0.962 0.994 0.986 0.987 0.960 0.898
Low-income countries
GDP 2.249*%* 1.521 3.408*** 2.961* -5.073*** 8.931*** 2.848**
(1.045) (0.997) (1.214) (1.620) (1.335) (1.174) (1.359)
GDP? -0.0878 -0.0294 -0.133* -0.156* 0.246*** -0.438*** -0.0991
(0.0588) (0.0566) (0.0685) (0.0909) (0.0768) (0.0671) (0.0769)
Observations 189 189 189 189 189 189 189
Adjusted R? 0.987 0.965 0.988 0.973 0.963 0.969 0.960

ETa

Notes: “p < 0.1, " p<0.05 " p < 0.01. All the variables are in logs and per capita terms. Corrected standard errors for correlation
and heteroskedasticity in parentheses. All specifications include year and country fix effects. Median of Log(GDPpc)=10.22767.
High-income countries Ln(GDPpc)>10.22767 and low-income countries Ln(GDPpc)<=10.22767.

We explore this question in Table 4, examining the possibility that those effects are
not homogeneous for all countries, by splitting our sample into high- and low-income
countries. Results confirm the presence of heterogeneity on the effect of GDP,
especially for high-income countries, where the impact of GDP is now negatively
associated to DW, generating a decrease of 8.73%. We also find that within-country
increases in GDP continue to exhibit statistically significant and quantitatively large
positive effects on within-country changes in the consumption of water resources as

measured from the consumption side, increasing the WF by 17.22 per cent.

Regarding the main components of both the production and consumption-based water
indicators, we observe that the adverse effect of economic growth on DW is totally
driven by the significant fall in VMX, around 12.26% within the EU and 19.14% to
non-European countries. On the other hand, the substantial raise in the WF associated
to higher levels of GDP works mainly through the large and significant increases of
intra- and extra-EU VWM, accounting for 9 and 30 per cent respectively.
Furthermore, the magnitude of the effect of GDP on Domestic consumptive water,

which measures the consumption of country resources to satisfy only the internal
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demand, is certainly small and statistically insignificant indicating that for high-
income countries the change in water indicators is rather based on within country
variation in trade patterns. Therefore, these findings suggest that both VMX and
VWM are the main channels through which within-country variation in GDP per

capita affects within-country variation in water indicators.

Turning to the analysis of low-income countries we observe a different pattern.
Increases in GDP show a moderate positive relation with DW, of the magnitude of
2.25 per cent, and no statistically significant relation with the WF. The positive
impact of economic growth measured from the production-based approach is
mediated by the increase generated in intra-EU VMX, which accounts for 2.96%,
alongside raises in domestic consumptive water by 3.41%, although extra-EU VWX
have declined in 5.1 per cent. Looking at the consumption side, the corresponding
point estimates reflect how increments in GDP have stimulated both intra- and extra-
EU VWM that grow at 8.93 and 2.85% respectively, despite rendering insignificant
effects in the level of water resources embodied in all products utilize to satisfy the

internal demand.

4. Conclusions

In this paper we analyse the links between economic development and relevant water
indicators, including precise information on their main components, for the EU27
during the period from 1995 to 2008. We claim it is necessary to consider both
production- and consumption-based approaches to correctly identify and measure the
effects associated to the anthropogenic dynamics of water resources, and thus reduce
the risk to end up with an incomplete and potential misleading interpretation of water
pressures. In this regard, we use MRIO methodology that further allows consideration
of domestic impacts and associated trade relations. Furthermore, obtaining consistent
estimates of the effect that GDP changes have on water indicators is complicated by
difficult to measure and often unobservable country heterogeneity. We use panel

fixed effects regressions to address these issues.

Our main results indicate that the effects differ substantially depending on whether
the production- or consumption-based approach are used for measurement, especially
when we conditioned on the country’s economic development. These differences are

not only related to the magnitude of the income effect, but also lead to opposite
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trajectories of water consumption. In particular, high-income areas show that within-
country increases in GDP have quantitatively large positive effects on within-country
changes in the WF, and at the same time the impact of GDP is negatively associated
to DW. On the other hand, low-income countries follow a different pattern where
GDP growth shows a moderate positive link with DW and practically plays no role
determining changes in the consumption of water resources as measured from the

consumption side.

Moreover, the analysis of the main components associated to water indicators
highlight the role of VMX and VWM as the transmission mechanisms of the main
effects. Thus, in contrast to the more economically advanced partners, low-income
EU countries show that GDP growth contributes to establish closer commercial
relations within the EU. This pattern holds to the extent that water consumption
incorporated into products for intra-EU exports have increased alongside domestic
consumptive water, thus increasing DW. However, notwithstanding the foregoing, our
estimates suggest that the positive link between within-country variation in GDP and
within-country variation in the WF is associated to high-income countries, working
mainly through the large increase in water consumption incorporated into imported
products to satisfy their increasing internal demand. Hence, indicating that the growth
path followed by the most developed areas in the EU27 is based on the externalisation
of the environmental burden over the less developed European partners, and external

developing countries.

The major findings of this paper stress that studies considering only a production-
based perspective to assess impacts of economic growth on the environment will be
underestimating the externalisation effect, and therefore providing an incomplete
analysis of the situation that may lead to misleading conclusions. These results are
consistent with the concerns raised by Jackson, (2009) regarding the measurement
error associated to trade flows when resources used to manufacture products abroad
are not considered. This is especially relevant for modern developed economies that
tend to move progressively away from domestic manufacturing as GDP grows.
Therefore, the macro water governance should better include both perspectives in the
elaboration of new management policies. First, analysis concerning water pressures
offshoring will draw from the consumption approach, which will also indicate the

regional/country dependence on foreign water resources. Second, the production
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approach analysis will provide relevant information for designing strategies that aim

to maximise economic and social welfare as well as minimise environmental impacts.

Furthermore, our empirical results suggest that the relationship between GDP and
water pressures varies with different levels of economic development within EU27,
which is of enormous relevance when setting strategies for water management.
Policies that determine consumption, production and trade patterns have been long
governed by economic factors, thus relegating environmental criteria. For example,
the agricultural subsidies prevalent in developed countries, such as the Common
Agricultural Policy (CAP) in the EU, mostly benefited irrigation agriculture although
it is highly intensive in blue water consumption. Future scenarios will be limited by
the (uncertain) sustainability of the growth pattern followed by the actual EU27 and
its subsequent environmental impacts. The growing offshoring of water pressures,
mostly from high-income areas, together with the expected growth of the least
developed countries, urge for the implementation of integrated water resources
management. On the policy front, in line with the recommendation of the “Blueprint
to Safeguard Europe’s Water Resources” (European Comission, 2012), our results
suggest that the coordination of water management with the EU social and economic
strategies would enhance the sustainability of water systems alongside regional
development. In addition, it might be of interest to evaluate whether home-grown
initiatives for creating such coordinated policies are more or less effective in water

resource administration than supranational initiatives.

In a highly globalized context, with local impacts becoming global through supply
chains, institutional coordination at the national, supranational and global levels is
essential. A joint design and implementation of specific technological, economic, and
social policies and environmental regulations appears as the most feasible way to

achieve sustainable economic growth while conserving water resources.
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Figure A1: Change in DW (m3/P) and WF (m3/P) in the EU27, 1995-2008
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Sectors included in WIOD and classification

Agriculture, Hunting, Forestry and Fishing
Food, Beverages and Tobacco

Textiles and Textile Products
Construction

Hotels and Restaurants

Electricity, Gas and Water Supply

Mining and Quarrying

Chemicals and Chemical Products

Other Manufactures: Leather, Leather and Footwear, Wood and Products of Wood
and Cork, Pulp, Paper, Paper , Printing and Publishing, Coke, Refined Petroleum and
Nuclear Fuel, Rubber and Plastics, Other Non-Metallic Mineral, Basic Metals and
Fabricated Metal, Machinery, Nec, Transport Equipment, Electrical and Optical
Equipment, Manufacturing, Nec; Recycling

Trade and Transport: Sale, Maintenance and Repair of Motor Vehicles and
Motorcycles; Retail Sale of Fuel, Wholesale Trade and Commission Trade, Except of
Motor Vehicles and Motorcycles, Retail Trade, Except of Motor Vehicles and
Motorcycles; Repair of Household Goods, Inland Transport, Water Transport, Air
Transport

Other Services: Other Supporting and Auxiliary Transport Activities; Activities of
Travel Agencies, Post and Telecommunications, Financial Intermediation, Real Estate
Activities, Renting of M&Eq and Other Business Activities, Public Admin and
Defence; Compulsory Social Security, Education, Health and Social Work, Other
Community, Social and Personal Services, Private Households with Employed
Persons
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List of countries included in WIOD

Average per capita GDP

ISOCODE Country name (constant 2010USS$)
EU27
AUT Austria 42,456
BEL Belgium 40,695
BGR Bulgaria 4,892
CYP Cyprus 28,032
CZE Czech Republic 16,342
DEU Germany 38,283
DNK Denmark 55,898
ESP Spain 28,941
EST Estonia 12,005
FIN Finland 41,480
FRA France 38,531
GBR Great Britain 35,938
GRC Greece 25,170
HUN Hungary 11,368
IRL Ireland 43,759
ITA Italy 35,942
LTU Lithuania 8,754
LUX Luxembourg 92,015
LVA Latvia 8,767
MLT Malta 17,450
NLD Netherlands 46,055
POL Poland 9,177
PRT Portugal 21,188
ROM Romania 6,148
SVK Slovak Republic 12,008
SVN Slovenia 19,974
SWE Sweden 45,893
Non EU27
AUS Australia 45,489
BRA Brazil 9,172
CAN Canada 43,933
CHN China 2,311
IDN Indonesia 2,420
IND India 903
JPN Japan 40,984
KOR Republic of Korea 16,555
MEX Mexico 8,395
RUS Russian Federation 7,731
TUR Turkey 8,374
USA United States 45,339
TWN Taiwan Not available
RoW Rest of the World Not available
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