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Abstract. In contemporary economies, water represents a key resource in ensuring the sustainable
economic development, being equally a factor of production in the economic branches, and also a
relevant indicator in shaping the evolution of human activity. Water resources are vital for humanity,
ecosystems and the economy, and its inefficient use is a serious problem. The main aim of the present
research was to analyse and evaluate the impact of water use, from the perspective of a sustainable
economic development, and to determine to what extent it can become a relevant indicator in this respect.
For this purpose, three indicators were considered: water productivity, water exploitation index and water
footprint. Based on the findings highlighted in the research, it can be concluded that the considered
indicators can constitute representative instruments in understanding the European environmental policy.
Keywords: aquatic systems, ecosystem, environmental efficiency, hydrographic shortage, water
management, water deficit, pollution, sustainability

Introduction

In the context of contemporary economic evolutions marked by increasingly
pronounced manifestations of some negative climatic phenomena the reconsideration of
the water resource management and its adaptation to the new global exigencies became
mandatory. It also emphasized the necessity for an integrative approach in regard to
these resources. Water use analysis is a mandatory instrument of sustainable
development. It may serve as a sensitive compass ready to show the degree of economic
growth, and as an instrument orienting decision makers to those economic policies that
do not ignore the limited nature of this resource, all while recognising the need to
reconcile accessibility to water.

The worsening of the water deficit, wastefulness, reckless pollution of water sources,
the ever-increasing length of droughty periods, the poor management for water, the
irresponsible catchment of flowing water are all arguments in favour of a new approach
to water management as a way to ensure the balanced development of economic
activities, and a sustainable future of human communities. The misuse of water
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resources may have serious and irreversible effects on economies and societies: it may
jeopardise very existence of industries relying on intensive use of water, or it may
cause, by depletion, the abandonment of entire geographic areas.

In this context, the water footprint may be viewed as one of the specific analytical
indicators of social and economic development, and, no less, as a challenge for experts,
because this indicator must be able to reveal, as true to fact as possible, the complex
aspects of the quality of human life, accepting the prerequisite that water is both an
economic resource (Winpenny, 2005), and a vital source of life (Oki and Kanae, 2006).
This may be equally a challenge to experts, because the indicator must be able to reflect
the complex aspects of human life in a realistic manner, knowing that water is not only
an economic resource, but also the vital source of human life, and that we are already
witnessing the globalisation of the water issue. This, in turn, reflects on the
environmental challenges affecting societies and economies, and therefore requires a
multidisciplinary and trans-societal approach (Hogeboom, 2020).

The debate on water use as a possible indicator which reflects the sustainability of
the economic development returns in the literature with a new perspective, following
the transformations of the paradigms of reference for the contemporary society. The
interdependence between the sustainable management of water and economic
development is obvious and holds the attention of the dedicated literature. It is generally
recognised that irresponsible consumption and wasteful use of water are two factors that
add to the already existing pressure on the uncontrollable exploitation of ground and
surface water. The reckless use of water generates a wide range of risks and
vulnerabilities in contemporary economies, from the irreversible degradation of the
environment, or the appearance of an unsustainable cycle of economic and social
activities, or even social unrest, to jeopardising food safety and security, or endangering
aquatic systems and landscapes.

The literature related to this subject (EESC, 2013; Sima and Gheorghe, 2015;
D’Ambrosio et al., 2020) is unanimous in asserting the vital role of water in supporting
life, human activities, nature, and economy. Although permanently regenerated in its
natural circuit, water is however a limited resource that cannot be replaced or
substituted for.

With all these aspects in mind, understanding water and its specific indicators as
possible instruments for the determination of the level of economic development is part
of the attempts of identifying indicators relevant for measuring sustainable
development, in close connection with the global changes in the paradigm of
contemporary economy. As Wada et al. (2016) pointed out, water consumption by
humans in the 20" century grew six times as a consequence of the Globe’s fourfold
population increase, and the rising of its standard of living. This increased the pressure
on the water resources, through even more waste. From this perspective, the concept of
water footprint (WF) may gain recognition as an instrument orienting towards more
sustainable water use patterns and consumption habits (Aldaya et al., 2010).

Starting from the realities of the contemporary economy, the concepts of water
footprints and the efficiency of water use can join the concept of sustainable economic
growth, taking into consideration that water resources are indispensable to the evolution
and the development of the human society.

The water footprint can represent a much more comprehensive and complex concept
(Jean et al., 2018; Gogonea, 2019), of multidimensional nature which also implies
different interpretations and meanings, compared to the classical indicators for
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measuring sustainable development. The necessity of changing the referential imposed
by the current economic demands requires the approach of the human system from the
perspective of its relations with the ecosystem, and the water footprint can realize this
sort of connection.

The responsible management and use of water resources have become one of the
most provocative challenges the contemporary society is facing, in the context of the
necessity to adapt to the new transformations and requirements of sustainable economic
development. Starting from the fact that the environment represents a fundamental
element of sustainable development, which should not be understood only as a source of
production factors or a support element for the human activity, but also as a result of the
complexity of the evolution of the contemporary society, environment has become a
topical issue which regards the identification of those relevant factors imprinting the
evolution of the current global economic transformations. From this perspective, the
problematic of the efficient use of water, and also the identification of certain reliable
indicators which would allow the mapping of this resource is of actuality and widely
debated in the specialized studies, highlighting numerous correlations, limits and
interdependencies between the multiple aspects of sustainable development. Thus,
numerous researches have analysed the efficiency of water use as a significant
component of the environment, at territorial level (Dietzel et al., 2016; Hernandez et al.,
2015; Andrei et al., 2020). However, there is also a certain limit, respectively the
efficiency of water use cannot be measured directly on a global scale, which requires
the deepening of the knowledge and management of the water processes (Xiao et al.,
2013), simultaneously with the development of the remote sensing technology.

The responsible management of water resources, but also the efficiency of its use are
fundamental and of major importance due to the fact that water represents a vital
resource for humans and ecosystems, but with a tendency of becoming an economic
asset under the conditions of an increasingly insufficient access to safe, clean water at
an affordable price for the population which has become more and more numerous. As
observed by Vorosmarty et al. (2015), the local water consumption has become a global
problem, requiring global approaches.

The transfer and relocation of water implies not only the realization of certain
substantial and long-term investments but can also irremediably affect the environment
and the natural habitats. Meanwhile, water is indispensable in carrying out the activities
for all economic sectors, but the most consuming economic branches, as proved by a
number of specialized studies, are agriculture and manufacturing, a fact that determined
us to consider them for this research. In this context, regional and global analyses have
become more and more relevant for a domain in which water is understood not only
from the perspective of a rational economic use, but also as a vital source, indispensable
for human evolution. Considered to be a significant component of the environment,
water as an economic resource can be analysed and understood through certain
important indicators such as: water productivity (WP) and water exploitation index
(WEI).

As Lipinska (2016, p. 114) notes the high intensity of the water resources
exploitation in the case of numerous European states, exposes these countries to
incidence of phenomena such as ‘severe water scarcity’ or ‘water scarcity’. In line with
this approach, Arnel et al. (2011) argues that European countries do not always use
water efficiently, in order to contribute in reducing the access and the availability of
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water resources, or by contrary their behaviour provoke even dramatically impact on
climate changes.

The water deficit, doubled by the inconsistency of the management measures taken
to protect this strategic resource emphasizes the necessity for a more thorough research
in the field, and the application of new, environment-friendly technologies, in the
domains with intense water consumption. The problematic generated by the water
deficit has accentuated, as proved by the much more dynamic frequency of the drought
periods and the extension of the geographic areas of manifestation of hydrographic
shortage. From this perspective, the necessity of convergence, with a particular stress on
the EU space, for the construction of a European model of sustainable development has
brought to the fore the tools specific for footprints. Very often, the water footprint goes
hand in hand with a carbon footprint (Kubova et al., 2018; Poom et al., 2017; Schlegel
et al., 2016) or with the field footprint (Chen et al., 2018; de Ruiter, 2017).

The responsible management of water resources, the appropriate management of
waste, the reduction of the greenhouse effect and of energy consumption, the
sustainable exploitation of sources of energy, the protection of the environment and
natural landscapes, are all important goals to be pursued for the purpose of ensuring the
sustainable development of human society. This paper is intended as a background
analytical research of the correspondence between the three indicators and the
exigencies of a sustainable development in the two economic sectors chosen for this
purpose: manufacturing and agriculture.

With the aid of the three indicators considered, water may act as a relevant sensor of
the level of sustainable development and of the interaction between human existence
and environment. As such, water can be used in practice as a scientifically reliable unit
of measure for those aspects of real economy that are fundamental for the wellbeing of
human condition. Therefore, water footprint, water productivity, and water exploitation
are concepts that should not be regarded or understood as models or indicators per se,
but rather as a complement to the ample debate pursuing to clarify the mechanisms that
underlie sustainable development in our times, and to render efficiency to
environmental policies. It is from this perspective that the title question arises: are these
obsolete concepts or representative tools in understanding environmental policy?

Until now, the importance and usefulness of the water footprint as an indicator for
the analysis of sustainable development has been insufficiently highlighted in the
context of the indicators developed and diversified for the purpose. The literature is still
endeavouring to find suitable indicators to measure the water consumption needed to
manufacture a product or provide a service, but also capable to assess the environmental
impact of various consumption and production patterns.

The study carried out and presented in the current article aimed at two
complementary, interconnected objectives, respectively one prior to the analysis itself
and another one, the main one, which took into consideration the analysis itself which
meant the identification of the main realities and tendencies. The first objective is to
emphasize the image regarding, on the one hand, the relation between water
exploitation indices and its productivity, and on the other hand, the relations between
internal water footprints used for the production of agricultural products and those used
for the production of industrial ones. The second objective, the main objective of the
study, was to identify and evaluate several possible relations between the internal water
footprint used for the generation of a product and the efficiency of its utilization. To lay
emphasis on the elements specified above, the article was structured in six sections:
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introduction, a systematic review of the specialized literature, the methodology used to
validate the objectives proposed in the research, a section presenting the results obtained
and the related discussions, and a section of conclusions and references. Also, an
additional section of research limits and further directions of investigation was included
in the article.

Literature review

The water footprint concept constitutes not only an opportunity to understand the
water consumption from the perspective of sustainability and the choice of practices of
responsible water use as sustained by Aldaya et al. (2010), but also constitutes an
instrument of integrative knowledge of the aspects related to the water use in its close
connection with the social challenges, the economic environment or related to ensuring
sustainable economic development, as described by Chapagain and Tickner (2012).

The water footprint belongs to a much wider and diverse family of analytical
instruments. It is the family of footprints, which complements and adds to a range of
indicators that help us measure and understand the concepts of sustainability and
wellbeing. A drawback but also an opportunity for research along this line is the very
diversity of the methodologies used to give a scientific basis to such footprints, and their
limited capacity to substantiate environmental policies and to integrate into the existing
specific indicators. At the same time, as Chapagain and Tickner (2012) have also
demonstrated, the water footprint with its various components can have a significant
contribution to enriching and diversifying the knowledge about the closely-knitted
connections between the use of water, sustainable economic development, and the
contemporary social and environmental requirements.

The methodology based on the use of footprints has become a widespread instrument
in the specialized studies, and is utilized to understand the different aspects regarding
the sustainable development. The water footprint does nothing more than to complete
this diverse scientific landscape, and contribute to the refining of the entire concept of
sustainable development.

The concept of the water footprint was initially introduced in Hoekstra’s study, in
2003, which proposed a specific indicator which would directly or indirectly measure
the volume of freshwater consumed in order to produce goods or services consumed by
an individual, a country, a community, a campaign or another organization. This
indicator has been refined and supplemented by other methodologies specific to the
domain such as Water Remaining (AWARE) method (Ansorge and Berankova, 2017)
or water resources exploitation (WRE) (He et al., 2019). As shown in the literature
(Harding, 2019), terms such as water footprint, water accounting, water use intensity,
are used to describe the quantity of water used or incorporated to obtain a product,
process or service, or as the case may be, the efficiency of water use.

Studies, such as the ones conducted by Lovarelli et al. (2016) and Jeswani and
Azapagic (2011), analysing the existing approaches in the literature regarding the water
footprint emphasize the strong points and the conceptual limitations, concluding that
there are immense variations in the results obtained in these studies, as a cause of either
the methodologies utilized, the data availability or other random causes. Returning to
the water footprint and the efficiency of water use, the specialized literature has offered
a wide range of studies, methodologies and areas to which this can be applied.
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Researches regarding the water footprint aimed especially at agriculture, as proven
by Ewaid et al. (2019), Barbosa et al. (2017), Lovarelli et al. (2016) and Zhao and Chen
(2014), taking into consideration the quantity of water used in this domain, the
obtainment of animal products and their processing to which the animal husbandry
processes can be added (Mourad et al., 2019; de Miguel et al., 2015; Lee et al., 2015).

Thus, Scheepers and Jordaan (2016) analysed the intensity of blue and green water
use in the case of alfalfa used in the feeding of lactating cows, Owusu-Sekyere et al.
(2016) quantified the amount of water used for the milk production and processing in
South Africa, Zonderland-Thomassen and Ledgard (2012) used and compared in their
study two methodologies for estimating the water footprint in the case of milk
production in two regions of New Zeeland, Zoumides et al. (2014) economically
evaluated the efficiency of water use for the production of several agricultural crops in
Cyprus, Dourte et al. (2014) using a web-based tool estimated the water footprint of
different agricultural products in different regions of the USA, and Chiu et al. (2015)
calculated the water footprint in the case of second-generation bioethanol. In studies
such as the one conducted by Borsato et al. (2018) Schafer and Blanke (2012) and
Stoessel et al. (2012), both the water footprint and the carbon footprint generated during
the production of numerous fresh agricultural products are calculated. Roibas et al.
(2015) investigated the sustainability of banana culture systems in several organic
plantations, from the perspective of the water use availability. Suttayakul et al. (2016),
using the WFA methodology, quantifies in his research the volume of freshwater
consumed and the degradation in the case of palm tree oil plantations. Page et al. (2012)
concludes that the use and especially the efficiency of freshwater use is closely
determined by the production system in use. Serio et al. (2018) applied the Grey Water
Footprint (GWF) for the determination of groundwater nitrate contamination level of
soil, generated by agriculture in the Southern Apulia Region, Italy.

Several studies such as the ones elaborated by Ababaei and Etedali (2017) used the
water footprint to estimate the production of wheat, barley and corn in Iran and as noted
by Garofalo et al. (2019), in the case of Germany and Italy, two important countries in
the winter wheat production, the emphasized models underlined a decrease of the future
water footprint precisely due to the efficiency of water use and the improvement of the
plants in water capitalization and the stocking of this resource in the soil.

In what regards the industry, Gerbens-Leenes et al. (2018) evaluated the water
footprint in the case of two types of steel: alloyed and unalloyed, using the data from
global databases available. Ma et al. (2018) and Gu et al. (2015), also evaluated the
water footprint generated by the steel production in China, and Burchart-Korol and
Kruczek (2015) evaluated the water deficit in the case of steel production in Poland.
Similarly, Grey Water Footprint can be used to measure the level of contamination of
water resources with pollutants that have a much higher noxious effect on health, such
as: Mercury (Hg), Vanadium (V) and Ammonium (NH*"), as Miglietta et al. (2017)
argues.

However, there are studies such as Jamshidi (2019) which argue the limitations of
the concept, that the water footprint measures only the quantities used in agriculture,
manufacturing or households, without incorporating, for example, activities such as
aquaculture (Vanham, 2016), which is strictly based on the use of water as a support.
Taking into consideration the diversity of the elaborated studies focusing on water as a
complement, our research comes to add to the range of specialized studies devoted to
the evaluation of sustainable development from the perspective of the intensity of the
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use of this resource, trying to contribute to the expansion of the inventory of specific
knowledge in the field.

As Hogeboom (2020) also suggests, there is an increasing number of studies in the
literature, which use the concept of water footprint, in a variety of forms and
applications that have been developed due to the complexity, gravity, and topicality of
the critical issues arising from the need to manage and use water in a responsible
manner. For example, according to the opinion of Gomez-Llanos et al. (2020), the water
footprint has gained recognition as a multidimensional indicator for the direct
measurement of the water consumption with the aid of the two parameters, blue and
green water, but also as a measure of the pollution level, based on the grey water
concept. WF tools, alongside with indicators like water productivity and water
exploitation, may be regarded as representative tools in understanding environmental
policy, as part of a general framework in which effort is being made to better
understand and broaden the system of indicators needed to measure the environmental
dimension of sustainable development.

Research methodology

The methodology applied in this manuscript for arguing the main objectives
described in this research follows the concepts already described in previous studies as
Andrei et al. (2018) and Andrei et al. (2020) with some particularities presented in this
section. Also, the possible linkage and mutuality effects of water productivity,
exploitation and footprint on understanding the tendencies and exigencies of the
European environmental policy are analyzed using the comparative analysis of the
absolute values of the considered indicators, recorded for each of the EU countries and
the cluster methodology.

The first indicator used is water productivity (WP) indicates the quantity of
economic production per cubic metre of freshwater extracted (Arnell et al., 2011) (in
EUR per m®) emphasizing the efficiency of its use. In its evaluation, the water from
any source of fresh water, permanently or temporarily, mining water, flowing water,
as well as the water from precipitations is considered. For a more conclusive picture
of the availability and the efficiency of the use of water resources, the study included
the water exploitation index (WEI). WEI measures the total annual freshwater
extraction in a country as a percentage of the long-term annual average (30 years) of
available water from renewable freshwater resources (Sheikhipour et al., 2018;
Visentin and Guilhoto, 2019; Eurostat, 2020a) and water from any freshwater source,
permanently or temporarily, mining water, flowing water, as well as water from
precipitations.

Internal water footprint of consumption of agricultural and industrial products
(Hoekstra and Chapagain, 2006) includes water from internal sources and which is
consumed for the production of industrial and agricultural products. This includes water
from underground or surface resources (blue water), the amount of freshwater needed to
assimilate pollutants in order to meet the quality standards specific to water (gray
water), as well as rainwater (green water) in the case of agricultural production.

The data set employed in designed and emphasizing the main objectives asset and
described in the current research were retrieved from Eurostat (2020 a, b) in case of
water productivity and exploitation indicators. Some statistics related to water footprints
are collected from a deviated case study of Mekonnen and Hoekstra (2011). The
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indicators to assess the water sustainability as representative tools in understanding
European environmental policy were: water productivity, exploitation and footprints as
they are described in Table 1.

The research is performed on the EU level for the countries where the data were
available to estimate if the analyzed water indicators are obsolete concepts or
representative tools in understanding European environmental policy. Then the results
are discussed and compared in a larger framework in order to identify the determinants
between water exploitation indices and its productivity, on one hand, and to evaluate
several possible relations between the internal water footprint used for the generation of
a product and the efficiency of its utilization the on the other hand.

The current study works with various water indicators and measurements analyzed in
case of the EU countries. It was also taken into consideration the fact that data and
information related to water footprint estimation are scarce in some EU countries,
therefore, the analyses and discussions were limited and focused on to these aspects.
Taking into consideration that out of the 27 EU member states, for four states (Austria,
Finland, Ireland and Italy) there is no available data on water productivity, they were
not included in the analysis of the possible relations between the internal water footprint
consumed for the production of agricultural and industrial products and the efficiency
(the productivity) of its utilization. As data series used also included the UK, as well as
the relationships existing at that time between the UK and the EU, we included UK in
our analysis as well.

Taking these aspects into account, six indicators were used in the study. The
abbreviations, their significance and their units of measurement are presented in
Table 1.

Table 1. Significance and units of measurement for the utilized indicators. (Source: authors
based on Eurostat, 2020 a, b; Mekonnen and Hoekstra, 2011)

Indicator Significance Unit
WP Water productivity Euro per m?
WEI Water exploitation index Percentage

GWFAP Green Water footprint of consumption of agricultural products m3/yr/cap

BWFAP Blue Water footprint of consumption of agricultural products mé/yricap

GyWFAP Gray Water footprint of consumption of agricultural products mé/yr/cap

BWFIP Blue Water footprint of consumption of industrial products m/yr/cap

GyWFIP Gray Water footprint of consumption of Industrial products mé/yr/cap

An overview regarding the relations between the water exploitation indices and its
productivity, as well as the relations between the internal water footprints used to obtain
agricultural products and those used to produce industrial products, was emphasized by
applying a quantitative descriptive method. This method is based both on the
comparative analysis of the absolute values of the six indicators, recorded in each of the
states included in the study, as well as through the relations between them.

To achieve the second objective of this study, the identification and the evaluation of
several correlative relations between the internal water footprint used for the production
of products and the efficiency of its use, the cluster methodology was used. For this
purpose, starting from the vectors corresponding to the six indicators analysed above,
the matrix Z was constructed.
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Proximity matrix was obtained using Euclidian distance:

W=lwiil iz 1z Wit = 524zt 2 i=161=1p, j#i k#iwi =0 (EQ.11)

In Equation 1, dj; represents the square average of the sum of the square differences
between each of the six types of water footprint of national consumption per capita
registered in the countries i and j.

Ward’s method was generated to determine the distance between clusters (Gogonea,
2019):

n
A(AB)= X[, —mAusllz—ZIIXi—mAIIZ—_ZBZIIXi—mBIIZ—nA“B [ms—ms [ (Eq.2)

icAUB ieA AUB

In Equation 2, A and B are two clusters, m; is the centroid, n; is the number of
elements from cluster i. and xi an item. Levene’s Test and Robust Tests of Equality of
Means were used to choose the method for testing the significance of the six variables at
the clusters.

Let be a group in r clusters. The null hypothesis of Levene’s Test is:

Ho_l:alz=o*22=0'§=...=c7r2 (Eq.3)
The acceptance condition of the null hypothesis Ho 1 is:

Sig.F >a equivalent to F <F, ., (Eq.4)

In case of accepting the null hypothesis (Eg. 3) the methodology ANOVA can be
applied to test the statistical significances of the appurtenance of the variables to the
clusters. Otherwise, we analyse the results of Robust Tests of Equality of Means, whose
null hypothesis is:

H0_2:ml:m2:m3:...:mr (Eq.5)

The acceptance condition of the null hypothesis Ho 2 is the same (Eq. 4). In case of
accepting the null hypothesis Ho », it results that the averages of the variables at cluster
level do not differ significantly and the appurtenance of the variables to the clusters is
significant. Consequently, the appurtenance of the variables to the clusters is significant
only if for all the six variables the hypothesis Ho 2 is rejected.

For the validation of statistical hypothesis, the Confidence level of 95% (a = 0.05)
was used. In exceptional cases, the Confidence level of 90% (a =0.10) was also
admitted. The lack of a standardized approach to the special changes regarding the
water availability in dynamic environments allows the analysis of the capacity to
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evaluate the ecological impact of the changing of water availability, prioritizing the
sustainable management strategies of water capitalization, of the efficiency of its use.

Results and discussion

The distribution of the forms of relief, as well as the climatic conditions in the
European states make the sources and the water reserves of each country differ
significantly. Starting from the assumption that the abundance or lack of this resource
can lead to different attitudes about the efficiency of its use from one state to another, a
first analysis aimed to identify, on the one hand, both the water reserves (water obtained
from lakes, artificial basins, rivers and underground) used by each of the 23 countries
included in the research, and on the other hand the efficiency of the water quantities
used.

In this case the two indicators (WEI and WP) show significant differences between
the countries analysed and presented in Figure 1. A first observation is that there are
countries with significant water reserves, which record very low productivity levels:
Bulgaria 7.9 euro/m®, Estonia 11.6 euro/m?, Greece 16.4 euro/m3. At the same time,
there are countries with small water reserves, which use them in very large proportions
as in case of Malta, 49.7% and Cyprus, 72.3% and have much higher productivity
values (Malta 229.3 euro/m?3).
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Figure 1. Water exploitation index vs. water productivity. (Source: authors’ own design)

This is also emphasized by Lipinska (2016) who also points out that Malta and
Cyprus are island nations with severe water scarcity but some countries like Sweden,
Slovakia, Latvia and Croatia are countries in the bottom 1% of the WEI and they are not
experiencing water-stress challenges. In this regard, it should be underlined that, a value
of the water exploitation index of over 20% implies that the water resource is under
stress, but over 40% indicates stress and even severe stress regarding its most efficient
use (Raskin et al., 1997).

A second observation highlights the fact that there is no determination between the
percentage of water exploitation and its productivity, which leads to the conclusion that
the efficiency of water use is not given by the restrictive nature of this resource in some
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European countries but by the quality and productivity of the technologies used in the
production processes of manufacturing and agriculture. This conclusion is strongly
supported by the position of Denmark, the European leader in the sustainable water use
(370 euro/m3), which uses only 5% of the water supply in the production processes.
Denmark is followed by the UK with a productivity of 280 Euros/m?and Sweden with
175 Euros/m3, although they consume only 4.2%, respectively 1.2% of their water
reserves.

Regarding the ratio between the indicators Blue water footprint of consumption of
agricultural products and Blue water footprint of consumption of industrial products
(Fig. 2), it can be noted that, countries from southern Europe (Cyprus, Greece, Spain,
Portugal) are detaching clearly compared to the other EU member countries, as the
values recorded for the two variables in these countries are extremely different from
those recorded by the other EU countries. Spain is the most arid country of the
European Union and the one that devotes most of the water resources to irrigation,
which has led to the development of the agri-food system (Clar et al., 2017) involving
pressures on water.
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Figure 2. Agricultural products vs. industrial products blue water footprints. (Source: authors’
own design)

The abstraction of water for industrial use has decreased in the last 2 two decades,
partly due to the general decrease of the heavy industry as an intensive water consumer,
but also due to the increase of the efficiency of water use as a result of the
implementation of advanced cooling technologies that require less water. In the top of
the EU countries, the highest water consumption values for agricultural and industrial
products from the blue water footprint are recorded in Belgium and France, followed by
Bulgaria.

Belgium is the country where industrial production uses the largest share of the total
water footprint in the country. The water footprint of industries in Belgium measured
between 1996 and 2005; used 41% of the total water footprint in the country, and the
agricultural production used 53% (Hoekstra and Mekonnen, 2012).
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The blue water footprint of production in France is dominated by consumption for
agricultural products, especially maize. Other crops with a significant share in the blue
water footprint are fodder crops, potato, soy, rice and apples. The priority basins, as
regards the blue water footprint of the French production, are the Loire, Garonne, Seine
and Rhone basins.

A marked deficit of Blue water footprint of consumption of agricultural products and
Blue water footprint of consumption of industrial products can be found in countries
such as Malta, Lithuania, and Croatia. In fact, Malta has the highest level of external
water dependence (92% dependence), its freshwater supply coming from other
countries.

The spatial distribution of Gray Water footprint of consumption of agricultural and
industrial products in UE is shown in Figure 3. This highlights substantial differences in
the Gray Water footprint of consumption of agricultural and industrial product in
Europe. Thus, Bulgaria is the largest consumer of gray water, largely due to agricultural
products, while Germany is one of the main consumers of gray water in economic
sectors such as: agriculture, food, textile and electricity. In turn, Poland is the largest
supplier of gray water included in the exports of agricultural and chemical products to
Germany and other European countries (Serrano et al., 2016).
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Figure 3. Agricultural products vs. industrial products gray water footprints. (Source: authors’
own design)

The second part of the study aimed to identify the grouping mode of the 23 states in
clusters, taking into account five indicators: WEI, GWFAP, BWFAP, GyWFAP,
BWFIP, and GyWFIP. The dendrogram associated with the hierarchical clustering
analysis developed as in Marinoiu (2016) and Andrei et al. (2018) is shown in Figure 4.
The dendrogram shows the evolution of the states analysed by clusters, based on the
similarity between them revealed by the indicators applied to the analysis.

According to Figure 4, the first level of grouping comes with six groups, each of
them formed of two states (Slovakia, Sweden; Estonia, Lithuania; Denmark, UK;
Germany, The Netherlands; Greece, Portugal; Poland, Slovenia), and a cluster formed
of three states (Croatia, Latvia and The Czech Republic), while the other states are left
outside any cluster. The second level of grouping already forms Cluster C1 (Denmark,
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Malta and UK), Cluster C2 (Croatia, The Czech Republic, Estonia, Latvia, Lithuania,
Slovakia and Sweden), Cluster C4 (Cyprus, Greece, Portugal and Spain), and two other
clusters, one formed of Belgium and France, and the other formed of Romania and
Bulgaria. Finally, at the next level of grouping, the clusters formed of Belgium-France
and Germany-The Netherlands group into Cluster C3, and the clusters Romania-
Bulgaria and Poland-Slovenia, together with Hungary, form Cluster C5.

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
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Figure 4. The cluster generation dendrogram using Ward Linkage Method. (Source: authors’
own design)

Following the tests and analyses carried out using the hierarchical cluster
methodology and taking into account the relevance of the results, a group of the states
analysed in five clusters was chosen. In order to identify the method of testing the
statistical significance of the membership of the analysed variables in the clusters, the
homoscedasticity of the dispersions of the corresponding data series was verified. The
results of Levene’s test (Table 2) highlights the fact that for two of the six indicators
under analysis, respectively BWFAP and GyWFIP, at a significance level o = 0.05, with
a value of Sig.F < a (BWFAP - 0.006 and GyWFIP - 0.02), the null hypothesis Ho must
be rejected and, consequently, the ANOVA methodology cannot be applied.

Under these conditions, the statistical significance testing of the membership of the
variables in the clusters was performed using two tests, namely Welch and Brown-
Forsythe. Following the application of the Welch test, the results show that for four of
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the analysed variables (BWFAP, BWFIP, GyWFIP, WP) Sig.F values are lower than
a = 0.05, therefore, the null hypothesis HO is rejected and, consequently, Ho is rejected,
their environments differ significantly from one cluster to another.

Table 2. Results of Levene s tests to verify the homoscedaticity of the dispersions of the
analysed data series. (Source: authors’ own computations)

. e Degrees of freedom .
Indicator Levene statistic Sig.
dfl df2

GWFAP 2.189 4 18 111
BWFAP 5.207 4 18 .006
GyWFAP 411 4 18 .799
BWFIP 2.250 4 18 .104
GyWFIP 6.407 4 18 .002
WP 1.948 4 18 146

In Table 3 are presented the results of the robust tests of equality of means to verify
the statistical significance of the membership of the variables in the clusters

Table 3. Results robust tests of equality of means to verify the statistical significance of the
membership of the variables in the clusters. (Source: authors’ own computations)

. . Degrees of freedom .
Indicator Test Statistic? Sig.F
dfl df2

Welch 4.520 4 7.119 .039

GWFAP
Brown-Forsythe 4.946 4 11.968 .014
Welch 25.796 4 6.816 .000

BWFAP
Brown-Forsythe 106.924 4 4.317 .000
Welch 3.024 4 7.570 .090

GyWFAP
Brown-Forsythe 3.938 4 14.730 .023
Welch 13.705 4 6.998 .002

BWFIP

Brown-Forsythe 15.145 4 10.708 .000
Welch 11.815 4 7.781 .002

GyWFIP
Brown-Forsythe 9.487 4 5.261 .013
WP Welch 15.302 4 7.118 .001
Brown-Forsythe 19.684 4 5.407 .002

aAsymptotically F distributed

Considering that for the GyYWFAP variable, at the chosen significance threshold, the
Welch test leads to the acceptance of the null hypothesis and its rejection for confidence
level 90% (a =0.10), and the Brown-Forsythe test indicates the rejection of the null
hypothesis, we considered that this variable can also be taken into account when
analysing the characteristics of the generated clusters.

Considering the values of the six variables considered in characterizing the
sustainable water use by referring to the existence and water use resources in the
economic sectors of agriculture and manufacturing in the 23 EU member countries, the
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structure and geographical distribution of the clusters is shown in Figure 5. The
characteristics of the clusters are mainly highlighted by their classification in relation to
the determined average values. The statistical characteristics associated to each cluster
in terms of the analysed indicators is presented in Table 4.
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Figure 5. Cluster structure and geographic cluster distribution. (Source: authors’ own design)

Table 4. Characteristics of the groups of countries according to the cluster average values of
water footprint of consumption of agricultural and industrial products and water
productivity. (Source: authors™ own computations)

Water footprint of agricultural and industrial products Wate_r .
Cluster |Number of (mdlyricap) productivity
countries (Euro per m°)
GWFAP | BWFAP | GyWFAP | BWFIP | GyWFIP WP
C1 3 276.77 4.80 45.20 2.00 2.40 293.10
C2 7 821.21 2.11 94.31 2.13 9.73 106.11
C3 4 281.20 6.75 43.55 11.48 44.90 94.98
C4 4 739.13 197.08 79.70 2.85 7.70 45.30
C5 5 1072.22 8.18 148.06 10.50 92.98 29.22

As can be seen from the data in Table 4, the average values of the six indicators
(GWFAP, BWFAP, GYWFAP, BWFIP, GyWFIP, and WP) differ significantly, which
means that there are major discrepancies between the 5 clusters formed.

While in cluster 1, countries characterized by sustainable water use were identified,
cluster 5 includes countries with significant water resources, but with a poor use of
them. Denmark is part of Cluster 1, the European leader in water rationalization, whose
main tools used to control water consumption are water prices and its metering. With an
average GWFAP value far above all the other 4 clusters, which is almost 4 times higher
than that of cluster 1, cluster 5 has the lowest mean WP value. Also, cluster 5 has the
highest average values for the other 2 indicators, respectively GyYWFAP and GyWFIP.
These countries must adopt and apply more drastic measures to solve the problem of
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pollution, to reduce the value of the gray water footprint of the consumption of
agricultural and industrial products (Gogonea, 2019).

The positioning of the countries included in cluster 2 in areas with high rainfall, and
on the other hand the abundance of lakes and rivers (Sweden, Slovakia, and Croatia)
resulted in lower water consumption for agriculture, recording the lowest average
BWFAP value among all clusters.

Cluster 3, consisting of countries with high operating indices (Belgium, France,
Germany, Netherlands), recorded the highest average value of BWFIP, reflecting the
predominant water use for consumption of industrial products.

Cluster 4 includes 4 countries in southern Europe (Cyprus, Greece, Portugal, Spain),
large water-consuming countries, recording the highest average value of BWFAP. Also,
the clustering of the states included in the analysis highlights the significant differences
between them and in terms of existing long-term links between total internal water
footprint (TWF) and water productivity (WP), and also between total internal water
footprint for industrial products (TotalIND) and total internal water footprint for
agricultural products (TotalAGR).

Thus, from the point of view of existing long-term relations between WP and TWP
(Fig. 6), the large gap must be noted between Denmark, Malta, UK (countries included
in cluster 1) and the other 20 countries in terms of water productivity. Also, Belgium,
France, Germany and The Netherlands, although they are far from Denmark, Malta, and
UK in terms of water productivity, hold a special position compared to the countries
included in clusters C2, C4 and C5, due to the fact that the average value of TWF
(393.38 m®/yr/cap) is less than half of the average values of TWF recorded in them.
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Figure 6. The highlighting of the distances between clusters according to WP (euro m?) and
TWF (m®/yr/cap). (Source: authors’ own design)

Another significant analysis of the clusters also includes a graphical representation
(Fig. 7) through which the distances between the clusters according to WP (euro/m?3),
TotalIND (m®/yr/cap) and Total AGR (m®/yr/cap) are highlighted.
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Figure 7. The highlighting of the distances between clusters according to WP (euro/m®),
TotalIND (m*/yr/cap) and TotalAGR (m®/yr/cap). (Source: authors’ own design)

In terms of the dependencies between water productivity, total water footprint for
industrial products (TotalIND) and total internal water footprint for agricultural
products (TotalAGR), in this case the countries included in the C1 cluster (Denmark,
Malta, UK) are significantly different from the others countries included in the analysis.
The difference is evident not only in terms of WP values, but also in the fact that the
lowest average value of TotalIND (9.16 m®/yr/cap) is recorded here, 2.5 times lower
than in the C2 cluster and over 5 times smaller than in clusters C3, C4 and C5.

From the point of view of TotalAGR, the closest to the C1 cluster is the C4 cluster
(Cyprus, Greece, Portugal, Spain) with an average value of 827.13 m®yr/cap (with
218.96 m®yr/head more than in Cluster C1). On the other hand, Cluster C3 also
occupies a separate place, being the only one where the TotalAGR has a lower value
than Cluster C1 (338.87 m3/yr/cap, compared to 608.17 m3/yr/cap).

However, if we consider the TotalIND values, the closest one to Cluster C1 is Cluster
C2 (Croatia, Czech Republic, Estonia, Latvia, Lithuania, Slovakia, Sweden) with an
average value of TotalIND of 22.74 m3/yr/cap (with 13.57 m3/yr/cap more than in Cluster
C1). At the same time, Clusters C3, C4 and C5 form a fairly tight group with values of
TotalIND ranging from 46.58 m*/yr/cap (cluster C4) to 57.5 m*/yr/cap (cluster C5).

Summarizing the performed analysis, the usefulness of continuous monitoring and
study of the efficiency of the use of water resources can serve to identify efficiency as
clearly as possible at territorial level, this being considered a significant indicator for the
description of water use in agricultural and industrial production (Gang et al., 2016;
Huang et al., 2017).

Conclusions

Considering that the two economic branches use the three categories of water (Green,
Blue, Gray), the analysis in this research is realised taking into account the
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interdependencies of all types of water. Thus, five other study variables (Green, Blue,
Gray water footprint of consumption of agricultural products and Blue, Gray water
footprint of consumption of industrial products) were introduced into the research.

In Europe, for all the 23 countries included in the study, for the agricultural sector,
on average per year, approximately one third of the available water is used. The
irrigation of agricultural crops differs from one country to another, mainly due to
climatic conditions, but also to the technological systems in place. Different
characteristics are also noticeable in what regards the manufacturing technologies used
by each European country, which has determined the detection of different consumption
patterns, with quite significant differences from one country to another.

Northern and Western European countries are characterized by abundant rainfalls
that form the basis of their water resources, paralleled by a high degree of water
rationalization, while in Central and Southern Europe we either have countries with rich
water reserves, but poor use of them (Bulgaria, Hungary, Poland, Romania, Slovenia),
or countries with arid or semi-arid conditions requiring the use of irrigation in a large
proportion (Cyprus, Greece, Spain). Thus, many countries in southern Europe, with
limited resources, have to cope with a high water pressure due to the strongly developed
agri-food system, while other countries have considerably reduced water consumption
in manufacturing through advanced technologies. In both manufacturing and
agriculture, the biggest water consumers are: Belgium, France and Bulgaria, while
Malta is the country with the highest volume of imported water.

The results obtained from the application of the analysis (another analysed object)
emphasize the same aspects of the territorial concentration of water types in countries.
The six clusters formed complement the analysis of the relations between the indices of
water exploitation and its productivity, as well as the relations between the internal
water footprints used for the production of agricultural and industrial products, with the
identification and the evaluation of some possible relations between the internal water
footprint used for the production of products and the efficiency of its use. The highest
average value of water productivity in the European Union was recorded by Cluster 1
(Denmark, Malta and UK), while southern countries remain in cluster 5, characterized
by low performances in terms of sustainable water use. In this context, in the future, a
priority for the countries, in relation to the problems they are facing, would be their
orientation towards the cultivation of less water-consuming plants, and technologies
which will sharply reduce the water consumption in the industry.

The EU countries must join efforts in the direction of water saving, its efficient use,
thus following in the direction of sustainable development. As a consequence of the
application of the quantitative descriptive method between the water reserves of each
state and the efficiency of the water quantities used, it was observed that, in general, the
efficiency of the water use does not depend to a large extent on the restrictive nature of
the resource.

The results of this research allow us to conclude that water-related problems may
hamper severely the economic development of a region or country, depending on the
availability of this resource, or on the degree of accessibility to it. Other studies as
Ibafniez et al. (2017) emphasise that water footprint could be used to identify the main
environmental impacts on the high risks areas. In the same time water resources could
become an important and restrictive factor to social and economic growth in numerous
countries as Li et al. (2021) highlights.
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Indicators like water productivity, water exploitation and water footprint may reflect
accurately the level of development of the two economic sectors considered in our
study, agriculture and manufacturing, and, as such, the three indicators can guide
towards developing and enforcing appropriate measures to save water and, thereby,
reduce the level of gray water in the manufacturing and farming production chains. The
assessment of resilient development and of the efficiency of an environmental policy
with the help of the water footprint and of other, related, indicators, opens a broad field
of interdisciplinary research against the background of ever wider analyses purporting
to identify new indicators for the sustainable development of contemporary economies.
The application of the water productivity, exploitation and footprint indicators develop
new approaches and highlight the global dimension on the water management strategies
and offers in an equal measure a better understanding of the countries™ dependence on
water resources and their usage. This study argues a proactive need for a more rational-
allocative and intelligent water usage in competitive economies. In this context, in
literature is a massive need for future studies in assessing the environmental
performance by evaluating water indicators. Developing a specific framework in
assessing water performance and consumptions patterns would be one of the major
challenges in the near future. In this context, this paper may serve as a basic instrument
in building the structure required to understand concepts and principles like impartiality
and efficiency in the use of water, sustainability of water exploitation, and the rational
management of water as an effect of using specific indicators, such as those generated
by the water footprint system.

Research limits and further directions of investigation

Understanding the mechanisms that foster sustainable development, and the
extensive use of the indicators that come to our aid in doing so require a minute analysis
of the existing literature covering this subject, and, no less, the functional relations of
the available statistic data used to substantiate the propounded methodology and
research model. In view of the above, our research attempts to answer the question to
what extent the three indicators examined herein - water productivity, water exploitation
and water footprint - are obsolete concepts or representative tools in understanding
environmental policy?

Our research follows the current trends in the literature aiming the water economics.
Notwithstanding, our study has its own limitations deriving from the very working
model and variables chosen for the purpose. Among the main limitations are the number
of variables used and the relatively small reference span. Also, the fact that the cluster
model is based only on the values of a single year. These limits however may become
the starting point of new lines of investigation for future studies. One other limitation
arises from the understanding and implementation of the concepts employed, and from
the fact that the results obtained cannot be statistically extrapolated, despite the highly
explanatory nature of the model and methodology applied.
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