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Abstract: This study focuses on the water footprint in Greece. The aim was to create a web-based computational tool for
calculating individual water footprints in Greece based on specific water consumption and parameters relevant to
Greece. Notably, bibliometric analysis reveals Greece's limited research output, even though it is one of the
Mediterranean countries that are threatened by water scarcity. The computational tool takes the form of a
questionnaire, with program processing of user responses, ultimately providing recommendations for improving water
consumption. The questions address both direct and indirect individual water consumption. This tool can be utilized
by Water Supply and Sewerage Companies for precise calculations of average daily water consumption per resident.
Additionally, it can serve as a valuable environmental education tool.
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1. INTRODUCTION

Water is one of the most important natural resources. Amongst others, human activities are
responsible for its consumption and pollution and lead to a decline in its quantity and quality.
According to the Food and Agriculture Organization of the United Nations FAO, Internal renewable
water resources (IRWRs) from rivers and aquifers amount to 44,000 km®/year, and withdrawals (all
sectors) exceed 4,000 km’/year, almost 10% of IRWRs. These withdrawals are consumed by three
main sectors: urban, industrial and agricultural/livestock. On average, agriculture accounts for 70%
of global freshwater withdrawals (FAO, 2021). For decades, scientists have emphasized the need
for agriculture to reduce water consumption through well-designed irrigation practices, utilizing
rainwater, and safeguarding groundwater from depletion. Furthermore, a shift in dietary habits,
including limiting the consumption of water-intensive animal products, can contribute to the
conservation of this crucial resource.

The data on water management worldwide indicate the problems that various regions of the
world are facing. The recent report by the United Nations (2021), entitled "Valuing Water,"
evaluates water as a human right, which unfortunately is not equally shared among all nations in the
world, resulting in loss of lives due to scarcity, poor quality, or drought. The two years of the spread
of SARS-CoV-2 have highlighted water as the most essential commodity of the world's population
to combat the virus. Its use, through frequent hand washing and cleaning of surfaces, clothing, and
linens, as well as its pollution due to the pandemic, with the detection of SARS-CoV-2 in
wastewater, and the enforced use of large amounts of detergents and disinfectants, reflect the global
nature of water (UNESCO, 2021).

2. WATER FOOTPRINT

In the early 1980s, economic advisors dealing with the agricultural sector in Israel expressed
concerns about their country's exports of water-intensive crops. Their proposal was for Israel to
import products rich in virtual water, rather than produce them. An article published in 1998 put
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forth the theory that water-poor countries need to import food from water-based crops (Allan,
1998). Virtual water refers to the water required to produce a commodity, such as food or electronic
products, but which is not consumed by the end consumers of these imported products. The term
refers to real water - the water used in the cultivation of traded products. Today, water crossing state
borders is estimated to represent about one-fifth (22%) of global water consumption.

At the International Conference of Scientists on Virtual Water Trade, held at Delft University in
the Netherlands in 2002, the term "water footprint" was introduced to the scientific community for
the first time by A.Y. Hoekstra (Hoekstra & Hung, 2002). The concept of the water footprint is
based on calculating the water associated with human consumption and global trade and managing
water resources accordingly.

The studies of Hoekstra and Chapagain (2006) showed that calculating the amount of water used
to produce various products can help understand the global nature of water and therefore contribute
to water-based trade. The correlation between consumption and water use forms the basis for
developing new strategies in water management. Thus, final consumers, food industries, and
traders, who traditionally had no expertise in studying and managing water, are now becoming
major participants in water resource management, and are taking proactive roles (Hoekstra &
Chapagain, 2007).

As the year 2030 approaches, a milestone for achieving the global Sustainable Development
Goals (SDGs), global water needs are expected to exceed sustainable water supply by 40% (UNEP,
2016). The continuous population growth and consumption trends contribute to the depletion of the
planet's water resources. The Water Footprint Assessment Tool provided by the Water Footprint
Network offers a valuable resource for understanding the distribution of water usage across
different nations (Water Footprint Network, 2023). Figure 1, generated by this tool, provides a
comprehensive breakdown of a country's water footprint, encompassing agricultural, industrial and
domestic usage. For Greece, the calculated total water footprint stands at 16 10° m*/yr, translating to
an individual water footprint of 1547.2 m’/capita/yr, considering Greece's population of
approximately 10.3 million (Hellenic Statistical Authority, 2023).

Comparatively, the scale of water footprints in populous nations like China and India is
staggering. China's total water footprint is an immense 1.1 trillion cubic meters per year, but when
assessed on a per capita basis for its population of roughly 1.41 billion (U.S. Census Bureau, 2023),
it amounts to 779.18 m’/capita/yr. Similarly, India, with a population nearing 1.4 billion (U.S.
Census Bureau, 2023), exhibits a per capita water footprint of 785.7 m’/capita/yr.

This data underscores the critical need for water resource management, especially in densely
populated nations. It is clear that these countries face significant challenges in maintaining
sustainable water usage practices to ensure adequate supply for their citizens. Furthermore, it
highlights the importance of adopting water-efficient technologies and practices in sectors like
agriculture and industry, which are major contributors to a nation's water footprint.

Greece, while having a smaller population in comparison to China and India, still faces the
imperative of managing its water resources judiciously. The water footprint of 1547.2 m*/capita/yr
is a substantial figure and indicates a need for ongoing efforts in water conservation, especially
given the potential impact of climate change and shifting global water patterns.

The Water Footprint is defined as a multidimensional indicator of water use and refers to the
amount of water used in all stages of the production process of a product, business, human, or
country. It examines both direct and indirect consumption (the water embedded in a product) and is
influenced by the geographical location and the reference period (Hoekstra et al., 2011; Hoekstra &
Chapagain, 2008). The main characteristics of the WF are:

= The Water Footprint of a consumer is defined as the total volume of water used in the
production of goods and services consumed by an individual.

= The Water Footprint of a group of consumers is defined as the sum of the footprints of the
individual members of the group. A Water Footprint can be calculated for a specific group
of consumers, such as a family, a village, a city, a province, a state, or even a country.
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= The Water Footprint can also be calculated for a specific activity, product, or service, or a
combination thereof.

= The Water Footprint can also be applied to a business or organization.

= ]t is important to note the clear distinction between the Water Footprint within a country and
the Water Footprint of the country itself, also known as the national Water Footprint.

o The Water Footprint within a country is defined as the total volume of water consumed or
polluted within the country's borders. This includes products that are produced within the
country but are exported and consumed in other countries.

o The national Water Footprint is defined as the total volume of water required to meet the
needs of all the inhabitants of a country. This footprint consists of two parts, the internal
and the external.

v’ The internal water footprint of national consumption refers to the use of domestic
water resources for the production of goods and services consumed by the domestic
population.

v’ The external water footprint of national consumption refers to the volume of water
resources used in other countries to produce goods. The water footprint is usually
expressed in terms of water volume per unit of product (m*/ton) or water volume per
unit of time (m’/year), and it refers to the freshwater used to produce the product,
including the complete process of distribution and supply of the product to the market.
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Figure 1. The total water footprint of certain countries. The green color represents the green water footprint, blue
color, the blue water footprint and off-white color the grey water footprint of each country. The calculations consider
agricultural, industrial, and domestic sectors. Source: www.waterfootprintassessmenttool.org/countries

The initial studies on water footprint focused solely on the use of blue water, such as the
calculation of national water footprints by Hoekstra and Hung (2002), which was based on
international trade of major agricultural crops, as well as the more comprehensive calculation by
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Hoekstra (2003), which also considered the trade of livestock products (Hoekstra, 2003). The blue
water footprint represents an indicator of the consumption of "freshwater" derived from surface
water and groundwater resources within a river basin. By consumption, we mean water that is
evaporated, or incorporated into a product, or flows into another river basin or the sea, or is returned
to the same basin at a different time.

In previous studies, the use of green water was not included. This was first introduced by
Chapagain and Hoekstra in 2004. The green water footprint is of significant importance in the
agricultural sector and relates to the portion of rainfall that is stored in the soil as moisture. This
moisture is either evaporated from the soil or used by plants to meet their water needs (Chapagain
& Hoekstra, 2004).

For the first time, an attempt was made to quantify the impacts of water pollution from each
activity (Hoekstra, 2003), and this was referred to as grey water. The grey water footprint reflects
the level of pollution in a water system and is defined as the volume of water required to assimilate
the pollutant load in order to maintain water quality within specified limits.

3. BIBLIOMETRIC ANALYSIS OF WATER FOOTPRINT RESEARCH

Water and climate change are inextricably linked. UN Water states on its website that “Climate
change is primarily a water crisis. We feel its impact through worsening floods, rising sea levels,
shrinking ice fields, wildfires, and droughts. However, water can fight climate change. Sustainable
water management is central to building the resilience of societies and ecosystems and to reducing
carbon emissions. Everyone has a role to play — actions at the individual and household levels are
vital.” (United Nations, 2023). In their quest to mitigate the effects of climate change and tackle its
repercussions, scientists are stepping up their endeavors. The concept of water footprint has
garnered increasing attention in recent years, as evidenced by the rising volume of scientific articles
dedicated to this topic. This growing interest prompted a bibliometric analysis on this subject to be
conducted.

A bibliometric analysis of water footprint research typically reveals trends in publication output,
key research themes, influential authors, collaborations between institutions and countries, and the
impact of research in this field over time. This information is valuable for understanding the
landscape and impact of water footprint studies. Focusing on Greece’s document productivity
would provide valuable insights into the extent of scientific contributions and identify potential
research gaps, helping policymakers and stakeholders in addressing water scarcity challenges
(Kanakoudis, et al., 2013) more effectively in this Mediterranean nation.

3.1 Methodology and data sources

According to Merigé and Yang (2017), a “Bibliometric analysis is the quantitative study of
bibliographic material. It provides a general picture of a research field that can be classified by
papers, authors, and journals.” (Merigd & Yang, 2017). For the purpose of conducting this research,
the keyword "water footprint" was employed in the Scopus database. The resulting 3,809
documents were exported as a CSV file and were used as data for the analysis. The document types
included article, conference paper, book chapter, review, editorial, letter, conference review, book,
erratum, and short survey. Since other researchers have conducted similar searches starting from
1993, when the term ‘virtual water’ was introduced (Peili et al., 2020), this current search was
designed to be more contemporary, and it covered the years 2005 to 2023. The quantity indicators
analyzed here are the number of publications, countries, research areas, authors, and keywords.

3.2 General statistical analysis

The temporal distribution of publications can serve as an indicator of the pace and advancement
of research. It is a crucial metric for assessing the concentration and periods of heightened activity
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in related fields (Peili et al., 2020). Figure 2 clearly illustrates that due to the increasing frequency
of climate change events and water scarcity consequences, scientists are directing their research
toward areas related to the water footprint. The decrease in the number of documents produced for
the year 2023 may be attributed to the fact that the year has not yet concluded.
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Figure 2. Publications per year with the keyword “Water Footprint”.

When analyzing the documents by country, it becomes clear that China is the leading country
producing 1064 documents with the term “Water Footprint”, with the United States contributing
almost half of that and the Netherlands following. The 3809 documents originated from over 100
countries, and Greece ranked 20"™ among them, contributing 55 publications. In Figure 3, the
leading 15 countries are shown.
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Figure 3. Publications per country with the keyword “Water Footprint”.
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Figure 4. A pie chart illustrating the distribution of documents across different subject areas.

The 3809 documents primarily fall under subject areas such as Environmental Science,
Engineering, Agricultural & Biological Sciences, and Energy (Figure 4). These sectors are
significantly impacted by water scarcity, therefore making water footprint a logical focus for
researchers.
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Figure 5. The ten most published authors on the subject of water footprint.
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3.3 Terms co-occurrence network visualization map

The data was inserted in the VosViewer software (Van Eck & Waltman, 2022). Of the 16892
keywords, with a minimum number of occurrences per keyword being set to 200, 35 keywords met
the threshold. These terms are depicted in a network visualization map in Figure 6. The frame size
indicates term co-occurrence frequency. Three clusters were formed in the water footprint research
field. Cluster 1 (blue) keywords primarily focuses on the link between water footprint and crops,
agriculture, and food production, while cluster 2 (red) depicts the domains water footprint research
is applied to, such as water supply, conservation, and scarcity. Cluster 3 (green) demonstrates the
integration of water footprint research with sustainable development, climate change, environmental
impact, life cycle assessment, and the carbon footprint.
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Figure 6. A network visualization map of keywords co-occurrence, created with the VosViewer software.

3.4 Co-authorship amongst countries network visualization map

Using VosViewer software, a co-authorship analysis among countries was conducted. Setting the
minimum number of documents as 55 per country, of the 131 countries, 21 met the threshold. The
results are presented in the network visualization map shown in Figure 7. The frame size indicates
countries’ co-authorship frequency. The co-authorship network reveals four distinct clusters, with
China prominently leading in Cluster 1 (yellow) in terms of co-authorship frequency. A noteworthy
observation regarding China is that the only country with which there is no link of co-authorship is
Greece. Cluster 2 (blue) is dominated by the United States in terms of document production, while
Clusters 3 (green) and 4 (yellow) are led by the United Kingdom and Netherlands, respectively.
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Figure 1 A network visualization map of co-authorship among countries, created with the VosViewer software.

4. WATER FOOTPRINT CALCULATION METHODOLOGY

The most well-known methodologies for calculating the water footprint are the H-C method
(Hoekstra & Chapagain, 2008) and the R-P method (Ridoutt & Pfister, 2010). The H-C method
quantifies the green, blue, and grey components of the water footprint, while the R-P method is a
revised form of the original methodology (Hoekstra & Chapagain, 2008; Ridoutt Pfister, 2010).

The determination of the water footprint, as proposed by Hoekstra and Chapagain (2008), can be
implemented using either a bottom-up analysis or a top-down approach. The bottom-up approach is
a point-by-point method, where all individual goods and services consumed by the residents of a
country are aggregated, considering the water requirements in the production process, which vary
based on the location and production conditions. In general, it is a flexible and easily
understandable method, but requires a large volume of data for an accurate calculation of the water
footprint. However, it is not suitable for calculating the water footprint at a national scale but rather
for products, businesses, or small communities (Hoekstra et al., 2011). On the other hand, the top-
down approach is a method in which the water footprint of a nation or a specific spatial unit is
calculated as the total use of domestic water resources, considering virtual water inflows, and
subtracting virtual water exports (Hoekstra & Chapagain, 2008). However, countries employing this
approach need to have updated national databases and statistics, as these data directly affect the
quality of the results obtained through the top-down approach.

The H-C calculation method considers the water from surface and groundwater sources (blue
water), precipitation (green water), and pollution caused by wastewater (grey water). Essentially,
the volumes of the three components are added together, and the water footprint is obtained as their
sum. As for the grey water component, each pollutant has a different maximum allowable limit, and
therefore, a different volume of water is required to achieve the necessary level of dilution. For each
production stage, the pollutant that requires the largest volume of dilution water is taken as an
indicator of the total grey water requirements (Hoekstra & Chapagain, 2007). In determining the
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grey water component in agriculture, fertilizers (nitrogen, phosphorus, potassium), pesticides, and
insecticides are considered, with the fertilizer component considered the most critical pollutant for
which the relationship provides the maximum volume of water (Papastamkou et al., 2016).

5. COMPUTATIONAL WATER FOOTPRINT CALCULATION TOOL FOR GREECE

In order to develop a strategy for reducing the water footprint in Greece, a user-friendly
questionnaire was created, where the responses are processed by the program to calculate the water
footprint value and provide recommendations for its reduction. The application consists of three
parts. The first part provides the definition of the water footprint. The second part includes the
developed application that allows users to calculate their daily personal water footprint. Finally, in
the third part, recommendations for reducing the personal water footprint are presented based on the
answers given in the questionnaire (Ziampras & Zafeirakou, 2022).

Next, the application is essentially developed, which is divided into two parts: questions
regarding direct and indirect water consumption. At this stage of the tool's application, the questions
focus on the individual water consumption of a resident in Greece. The following figures are
screenshots from the calculator’s interface, and they have been translated in English specifically for
the needs of this paper.

Direct water consumption within the house includes water usage in the shower (Figure 8a),
bathroom faucet, toilet flush (Figure 8b), kitchen sink, dishwasher, as well as washing machine and
handwashing. Additionally, there are questions regarding lawn watering, pool maintenance, the
presence of water pipe leaks, and car washing for out-of-house uses.

How many times during the day do you flush the toilet?

How many times do you shower in a week?*

What is the condition of the toilet flush?* ‘ 3 Times |
U old type flush How long is your shower in minutes?*
O A new type of flush, or a simple two-speed flush ‘ 1 Minute |

0O Water-saving new technology toilet flush with two

. e
T e What is the status of the bathroom (shower) water battery?

‘ Low flow shower head |

Figure 8. Translated screenshots from the questionnaire platform regarding a) the toilet flush frequency, b) the shower
use. Source: Ziambras, 2022

In all the above cases, the numerical result obtained from each activity is derived from the
following multiplication:

(Number of times a device is used within a certain time period)* (1)

Direct WF = (Duration of water usage)*(Water flow rate per second)

On the other hand, indirect water consumption and indirect water footprint include services and
products that involve hidden water. These include fuel consumption, purchasing habits related to
clothing, technology products, and other goods, as well as the water footprint from food
consumption of humans and pets. Indirect water consumption also includes water savings achieved
through recycling, as well as the storage and use of rainwater.
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Indirect WF = (WF of each product or service)*(Total usage of that service) 2)
Finally, the result of the water footprint for individual daily consumption is obtained by

summing up the direct and indirect water consumption, while subtracting the water-saving cases.
The result pertains to a resident of Greece (Figure 9).

Qs

Your water footprint is:
| 6349.19 |

or
| 6.35 |

The average water footprint per person for Greece is 6,400 Liters of
water per day (L/d)

Tips for reducing your water footprint:

Figure 9. Translated screenshot from the final result page in the application, where the individual WF is given in L/d or
m’/d. Source: Ziambras, 2022

An important note is that questions related to the entire family proportionally convert their
numerical data into individual water footprint. Additionally, questions referring to a longer time
period than a single day are converted into daily consumption.

The numerical result obtained at the end of the application represents the water footprint of an
average resident of Greece. The numerical data used in the calculation are derived from various
research sources (Mekonnen & Hoekstra, 2011; Hellenic Statistical Authority, 2023) and are
specific to Greece. The resulting output represents the daily individual water footprint.

Next, the recommendations based on the given questions are presented in the following format.

On the application's website, there is a specific page (Figure 10) that displays a variety of tips to
help the user reduce water consumption and, consequently, their individual water footprint. Upon
completing the questionnaire and obtaining the final numerical result, a series of tips are presented,
selected by the application based on the user's answers, indicating which tips are deemed necessary
for the user to see.

The result obtained from the water footprint calculation methods for each individual product or
service is used and summed up to calculate the individual water footprint. Here is the process:

= Initially, the water footprint is calculated for a product or service using a specific method
(bottom-up, top-down).

= Then, based on the available data for Greece, the questions are created within the
application.
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= Based on the user's responses, the application calculates the individual water footprint.
= Specific tips are displayed to the user for those areas where consumption exceeds certain
limits based on the given responses.

Tips for reducing your water footprint:

dded in our daily

A significant portion of water consumption is emb

routines, often going unnoticed by us

You consume large amounts of water when washing dishes

| would like to know more!

How [ can reduce water consumption from dish
washing and use of food packaging

Some af our daily habits conceal significant water

consumption and often are not particularly noticeable

You consume large amounts of water when washing clothes ll | would like to know more!

There is a hidden w 1lmost any activity, s

ﬁ:- g How | can reduce water consumption from clothes
washing

especially while cleaning

| would like to know more!

Here you will find more information about other ways

What do you know about indirect ways to save water?

to save water

Figure 10. Translated screenshot from the platform of tips for reducing water footprint (in Greek).
Source: Ziambras, 2022

Personal Cleanliness

Bathroom-shower

The watar you consume in the Install a bathroom nozzle with a water

Bathroom-Shower is: supply reducer. These devices reduce
the amount of water while increasing
529.76 its pressure. This has the effect of

reducing water consumption during

Liters of water/Day use without having a noticeable effect

on the user.,

Bathroom faucet

Install faucet filters with a water flow
The water you consume in the reducer. These devices are very easy to

bathroom sink is: adjust and reduce the amount of water
while increasing its pressure. This has
41.65 the effect of reducing the water supply

during use without having a noticeable

Li = o W g ~
Liters of water/Day effect on the user. On the bottom side

of the filter there iz a small notch that
you can adjust the desired flow with a
small screwdriver.

Turn off the faucet when you brush your teeth. When the faucet runs continuously, up
to 8 liters of water are wasted per minute!

- If the faucet is leaking, repair it. You can lose up lo 1 liter of water per hour, which is

= equivalent to a full bathtub every week!

Figure 11. Translated screenshot from the platform showing the tips that are given. Source. (Ziambras, 2022)
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6. CONCLUSIONS

According to the recent United Nations report (UNESCO, 2021), "water is the most precious
resource, a 'blue gold,' which unfortunately more than 2 billion people do not have access to. It is
not only necessary for our survival but also plays a crucial role in health, society, and culture."
Human activities are responsible for its consumption and pollution, leading to a decrease in both
quantity and quality. The water footprint (Hoekstra & Hung, 2002) serves as an index to estimate
the water consumed at an individual or country level by agriculture, livestock, and industry. The
purpose of this work was to create a web-based computational tool for calculating the individual
water footprint in Greece. The bibliometric analyses performed indicated a comparatively lower
volume of water footprint research output from Greece, despite its susceptibility to water scarcity
issues.

The application primarily aims to raise awareness among users about the daily activities that
contribute most to their water consumption. The computational tool takes the form of a
questionnaire, and based on the responses, the program provides advice to consumers on how to
improve their water usage. This tool can be used by Water Supply and Sewerage Companies for
more accurate calculations of average daily water consumption per capita and further plan ahead its
distribution, as well as by educational institutions as a tool for environmental information and
awareness. Furthermore, this tool can be further developed for agriculture, livestock, industry, and
other water-consuming sectors.
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