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Abstract: The study and analysis of urban water consumption habits in different regions contribute
to the development of strategies aimed at secure water reduction and distribution. Within this
context, knowledge of global water availability and the analysis of factors that influence consump-
tion in different regions in distinct situations become extremely important. Several studies have
been carried out in a number of countries and describe different approaches. The objective of this
article is to learn about the strategies used in water consumption forecast and analysis. Most of
the studies analysed seek to understand the factors influencing consumption in different building
types. When it comes to residential buildings, the number of residents and the influence of eco-
nomic issues on water consumption have an important role in this matter. In this context, pieces of
research present the use of awareness campaigns as a strategy towards water use reduction. As a
contribution, this article presents a systemic view of the pieces of research conducted and their
contribution to forecasting water consumption in different regions. In conclusion, one observes
the importance of analysing the factors influencing water consumption in different regions and
scenarios, such as during the COVID-19 pandemic. This article can help managers and researchers
understand the main factors that influence water consumption and how this consumption takes
place in different regions.
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1. Introduction

In several countries around the world, studies on water consumption in residential
buildings are carried out in order to help local governments define policy strategies aimed
at managing this resource. Research is based on analyses of the main factors related to water
use in certain regions distributed across several countries. Some studies have developed
methodologies for forecasting water consumption in the urban environment.

In China, Xiangmei et al. [1] found that in more than 50% of the cities studied, annual
water consumption shows a downward trend with an increase in Gross Domestic Product
(GDP) and population growth. Such analysis was made using a multivariate statistical
method. In the city of Calgary, Canada, with the help from the Calgary Water Management
Model (CWMM), Wang et al. [2] observed that weekly water demand was more sensitive
to population growth than to climate change. With the adoption of policies to reduce
water consumption, with grey water reuse programmes and the use of a more sustainable
landscaping process that reduces or eliminates water use, per capita water consumption
would be reduced by 10%.

In the city of Mecca, Saudi Arabia, Ajbar et al. [3] developed a neural network model
to predict monthly and annual water demand in the region and compared it with an
econometric model. In conclusion, they observed that the neural network model better
absorbs the water consumption dynamics in the short and long term when compared to
the econometric model.
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Due to the climate change impact on water resources, research was conducted to
identify possible factors influencing water consumption associated with climate. For
Hurlimann et al. [4], the climate changes should be addressed appropriately, as they
represent a threat to the sustainability of cities and society.

In the city of Brossard, province of Quebec, Canada, Rasifaghihi et al. [5] studied the
climate change effect on urban water consumption forecasting. Using Bayesian statistical
methods, they verified a seasonal increase in water consumption over time. In England,
Anderson et al. [6] analysed scenarios of domestic water demand under drought conditions.
The authors verified, through statistical analysis (microsimulation), that households with a
water consumption meter consume less water than those without a meter for all final uses
analysed. In some uses, such as the shower, external use, bathtub and washing machine, a
seasonality influence on consumption was noted.

Polebitski et al. [7] analysed the spatial patterns of water consumption in the city of
Seattle, Washington, USA, in 100 census tracts. Using the regression model with combined,
fixed and random panel data, the authors concluded that fixed and random regression
models provide better estimates of water consumption within individual census tracts. The
estimates for the elasticity statistical analysis indicate that water demand is more sensitive
to the effects of price and income in the summer months than in the winter months, showing
that variations in price and income in the summer months will affect water demand in
a direct manner. In a study conducted in the Jianghuai ecological economic zone, China,
Guo et al. [8] analysed the impact on water-related environmental services in projections
from different scenarios, based on management and climate change. The authors observed,
through analysis with the INVEST model, that climate drove changes in water yield more
significantly than in land use and land cover.

Climate change effects have intensified over the years and strategies aimed at reducing
water consumption should be analysed. To develop these strategies related to the adequate
management of water resources, studies and pieces of research have been carried out in
order to design innovations in this area. In the city of Quebec, Canada, Leveque et al. [9]
state that scientific advances in protecting drinking water supplies and infrastructure
can only be achieved with the active participation of those interested in water resources.
In Africa, Nyiwul [10] analysed the driving effects of innovation in policies related to
mitigation and adaptation to climate change and water stress and resource management in
the water sector. Through statistical results, the author found that countries more prone
to climate change-induced water stress tend to develop fewer innovative technologies.
In Africa, Wehn et al. [11] analysed water-related challenges due to climate change. By
carrying out interviews and bibliographic analysis of agendas and plans, they found that
the subject of water–energy–food was absent in 81% of the sample. The topic related to
water security, however, was absent in only 22% of the agendas analysed. For 48% of the
research participants, there was a knowledge gap in issues related to groundwater and
water storage and use.

These innovations become important tools in drinking water management, as they
help reduce water consumption and distribute water equally. Nevertheless, for this
to happen, user participation is necessary for water consumption analysis. Within
this context, some researchers address this topic when developing research based on
water end-uses.

With regard to developing tools that help reduce water consumption, Manouseli et al. [12]
analysed the impact on water savings generated by water efficiency programmes in the
United Kingdom and observed, by means of a multilevel model, a 7% water consumption
reduction, mainly attributed to the water efficiency programme. Kumar et al. [13] studied
two cities in India: Ahmedabad and Gandhinagar. Using statistical analysis, they con-
cluded that sociodemographic issues (income, education, and family size) determine water
consumption patterns in the regions studied in a distinct manner. These spatial differences
in final water consumption in regions with a similar geographic scenario—at a distance
of 40 km between Ahmedabad and Gandhinagar—show that specific internal plans have
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to be designed for each area. They observed that water conservation practices, based on
consumption patterns in the regions under study, depend not only on water-saving devices,
but also on understanding how to use them consciously. They point out that is necessary to
understand the water consumption patterns to develop specific solutions for each location.

These pieces of research show the importance of analysing the tools to be applied, as
the successful water efficiency programmes are related to users’ understanding of using
water consciously.

Urban water consumption is a broad topic with several factors to be analysed, such
as climate, population characteristics, regional characteristics, and consumption habits.
Researchers in different world regions have analysed these and several other factors differ-
ently. Most research on the subject employs a certain topic in its analyses, often related to
local needs, so comparing the results and analyses with different approaches is challenging.

This article aims to present the research developed on water consumption in different
regions, with their results and methodologies applied. Thus, this analysis can become
a reliable source of information, with several studies with different themes, to assist in
developing a tool for building water management.

2. Methodology

This literature review was based on research related to water consumption in different
regions. To understand this water demand, we first analysed the urban water availability
and the global water situation. Then, a second analysis was developed to verify the factors
that influence such consumption in different building types and contexts, such as during
the COVID-19 pandemic.

In this article, studies by several authors and data from organisations and agencies
were summarised. In order to find relevant articles, searches were carried out on the
Scopus, Google Scholar and Science Direct databases using several keywords, such as
“factors influencing water consumption”, “water consumption”, “water consumption in
buildings”, and other word combinations.

Information about urban water availability was obtained from organisations and
agencies, with images and current data on water consumption in different parts of the
world. Some of the search terms used in this research were “water scarcity”, “water
consumption”, “climate change”, and several other keywords associated with the global
water consumption situation.

The keyword “buildings”, associated with terms related to water consumption, was
used in searches on Scopus, Science Direct and Google Scholar databases to collect infor-
mation about the factors that influence water consumption. In this analysis, we collected
information about different building types, the influence of awareness campaigns on wa-
ter consumption, users’ perceptions on the quality of water consumed, and the effects
associated with water consumption in different regions.

To gather information about water consumption during the COVID-19 pandemic, the
keyword “COVID-19” was associated with the search terms mentioned above, as well as a
combination of similar words.

The review structure is presented in Figure 1, as well as the questions to be answered
in this article.

This review structure helped select several studies that address the topic of urban
water consumption with different approaches. The complementary topics supported the
search for accurate information about the main topics related to the subject proposed in
this article.



Water 2024, 16, 838 4 of 24Water 2024, 16, x FOR PEER REVIEW 4 of 25 
 

 

 
Figure 1. Flowchart of the methodology. 

This review structure helped select several studies that address the topic of urban 
water consumption with different approaches. The complementary topics supported the 
search for accurate information about the main topics related to the subject proposed in 
this article. 

3. Water Consumption 
3.1. Water Availability—Global Situation 

Restrictions on a valuable resource such as water should attract new investments and 
policies to increase demand and supply [14]. Meeting this growing water demand will be 
a major challenge, especially for regions that suffer from a scarcity of this resource already 
[15], as continuous water supply is essential for life and socioeconomic activities [16]. Do-
mestic water use is vital for daily routines, hygiene and, consequently, for public health 
[17]. 

According to the United Nations (UN), between 3.5 billion and 4.4 billion people will 
live with limited water access by 2050 [18]. The increase in water consumption and the 
pollution of water sources have been issues faced in several places. 

Data presented by the United Nations Educational, Scientific and Cultural Organisa-
tion (UNESCO) indicate that water consumption has increased six-fold over the past 100 
years, and continues to grow at a rate of 1% per year [19]. This increase is related to pop-
ulation growth, economic development, and changes in consumption patterns [19]. The 
same report states that climate change worsens the scarcity situation. As a result, water 
quality will be impaired due to high temperatures and reduced dissolved oxygen [19]. 
Jaramillo et al. [16] state that the effect of climate change, population growth, and socio-
economic activities could represent a serious threat to water availability worldwide. 

As reported by the UN [20], the population projection will be as follows: in the year 
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3. Water Consumption
3.1. Water Availability—Global Situation

Restrictions on a valuable resource such as water should attract new investments
and policies to increase demand and supply [14]. Meeting this growing water demand
will be a major challenge, especially for regions that suffer from a scarcity of this resource
already [15], as continuous water supply is essential for life and socioeconomic activi-
ties [16]. Domestic water use is vital for daily routines, hygiene and, consequently, for
public health [17].

According to the United Nations (UN), between 3.5 billion and 4.4 billion people will
live with limited water access by 2050 [18]. The increase in water consumption and the
pollution of water sources have been issues faced in several places.

Data presented by the United Nations Educational, Scientific and Cultural Organi-
sation (UNESCO) indicate that water consumption has increased six-fold over the past
100 years, and continues to grow at a rate of 1% per year [19]. This increase is related to
population growth, economic development, and changes in consumption patterns [19].
The same report states that climate change worsens the scarcity situation. As a result, water
quality will be impaired due to high temperatures and reduced dissolved oxygen [19].
Jaramillo et al. [16] state that the effect of climate change, population growth, and socioeco-
nomic activities could represent a serious threat to water availability worldwide.

As reported by the UN [20], the population projection will be as follows: in the year
2030, the global population will remain between 8.5 and 8.6 billion; in 2050, it will be
between 9.4 and 10.1 billion; and in 2100, it will be between 9.4 and 12.7 billion. According
to Forssberg et al. [21], long-term strategies need to be studied by governments to mitigate
water consumption and formulate a sustainable policy. This appropriate management will
produce water use reduction and increase water reuse, in addition to a decrease in surface
and groundwater pollution. For Sønderlund et al. [22], water consumption reduction
may happen driven by regulatory and infrastructure actions, and individual conservation
efforts in housing and the community. According to the Brazilian National Water and
Basic Sanitation Agency [23], ensuring water security depends not only on investments in
infrastructure, but also on efficient management.
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Several parts of the world already have imminent issues regarding secure and sufficient
water availability. In Iran, according to Madani [24], the country’s water crisis is related to
three main causes: rapid population growth and inadequate population distribution, an
inefficient agricultural sector, and inadequate management.

According to data released by the United States Agency for International Development
(USAID), Brazil is home to almost 60% of the Amazon, the largest area of tropical forest in
the world, and has 20% of the world’s fresh water. It is estimated that by 2085, the average
annual temperature will increase from 1.7 ◦C to 5.3 ◦C in the Amazon, and heat waves are
expected to increase from 18 to 214 days [25]. With these climate changes, dry seasons will
likely be longer with decreased precipitation [25]. Globally, temperatures have increased
faster since 1970 than any other 50-year period in the last 2000 years [26].

In 2021, several drought and flood events occurred in several countries around the
world, as shown in Figure 2. In northern British Columbia, an assessment found high
basin discharges in 2021. In the United States, a drought that began in 2020 persisted into
2021 in the west, mid-west and northeast regions, worsening in the western part of the
country. In Germany, Belgium and the Netherlands, a catastrophic flood occurred in 2021.
In central–eastern China, highest-ever rain levels affected more than 350,000 people.
In India, the headwaters of the Ganges River showed above-normal discharges. In
the European part of the Russian Federation, in Western Siberia and in Central Asia,
rivers showed flows below average in 2021. In eastern Siberia, in the region’s river
basins, runoff was above average. In Australia, in the southeast and west regions,
flows were above normal. During this same period, Africa experienced severe drought
conditions [27].
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In Brazil, the Amazon basin area suffered floods in the north region and droughts in the
south and southeast regions in 2021 [27]. During this period, Brazil faced the worst drought
period in the last 91 years, mainly in the southeast and central–west regions [28]. According
to information released by the National Aeronautics and Space Administration [29], this
drought will cause agricultural losses, water shortages, and an increase in fires in the
Amazon rainforest and Pantanal wetlands. As an example, images captured via satellite
(Landsat 8) show the levels of reservoirs in Lago das Brisas, on the Paranaíba River, on
17 June 2021 and 12 June 2019. Figure 3 shows the reduction in reservoir levels in
this region.
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In 2023, satellite images show a reduction in water levels in the Mississippi River, in
the United States, limiting navigation and water supply in some Louisiana communities.
This reduction occurred due to the hot and dry climate recorded during this period. In
2023, worldwide summer temperatures were 1.2 ◦C higher than average. In Figure 4b, it is
possible to observe the appearance of the bottom of part of the river [30].
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In Montevideo, Uruguay, the water supply for millions of people reached critical levels
in the 2023 autumn and winter, with the Uruguayan government declaring a water crisis in
June 2023 [31]. Figure 5 shows the status of the Paso Severino Reservoir in 2022, and its
current condition.
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Human-caused climate change, a consequence of more than a century of greenhouse
gas emissions, is causing several extreme climate events [26]. This situation had negative
impacts on food and water security, human health, and the economy [26]. According to
Núñez et al. [32], long-term climate change affects water availability.

The problem between distribution capacity and increased water demand is one of the
main threats to secure and sustainable water supply and rural development [17]. One of
the government’s main concerns is meeting the growing drinking water demand [13]. For
this to happen, developing actions to reduce water consumption should have priority in
the formulation of public policies.

Wang and Wang [33] point out that each location should develop water consumption
reduction strategies that are best suited to their development. Reducing waste, improving
sewage treatment capacity, raising citizens’ awareness of the importance of water conserva-
tion in an active manner, and improving the water conservation management system could
be tools to help reduce water consumption [33].

The increase in water demand places even more pressure on the decline of this natural
resource, especially in arid and semi-arid climates [34]. The climate change effect on the
urban water security should be assessed with urgency in order to provide the scientific
knowledge necessary to assist in the adaptation of operational policies [16]. As stated
by Feizizadeh et al. [35], the joint effect of climate change and population growth could
place even greater pressure on water resources. According to Leveque et al. [9], climate
change makes drinking water sources more vulnerable to contamination and scarcity. For
Russell et al. [36], climate change impacts will compromise fresh water availability.

Understanding climate change impact in the short and long term will help managers
and users develop strategies to reduce water consumption. Gosling et al. [37] evaluated
water consumption impact due to climate change. The study was based on climate change
patterns from 21 global climate models in four scenarios, which were applied to a global
hydrological model to estimate water resources in 1339 river basins. As a result, the authors
found that between 1.6 and 2.4 billion people currently live in river basins exposed to water
scarcity. The climate change effect by 2050 will place 0.5 to 3.1 billion people in situations of
water scarcity. Balling Jr. et al. [38] state that for a 10% decrease in total annual precipitation,
drinking water consumption would increase by 3.9%.

Such a decrease in precipitation, a consequence of climate change, may influence
water consumption habits in certain regions, such as the practice of drinking bottled
water. Zapata [39] states that bottled water consumption is associated with an increased
temperature. The author points out that the use of this resource is influenced by factors
related to water availability (per capita water consumption and piped water availability)
and the perception of the quality of water received by the public supply system. Regarding
climatic conditions, the author states that a 1 ◦C increase in the average temperature will
result in an increase of approximately one fifth in bottled water consumption.
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According to information released by the World Meteorological Organisation [40],
over a period of 50 years, climate and water risks represent 50% of all catastrophes, 45% of
all deaths, and 74% of all economic losses at a global level. Su et al. [41] state that natural
disasters caused by climate, such as drought, may occur in several places, including areas
with abundant drinking water. The socioeconomic and environmental characteristics of
the affected regions may influence the variation in drought impacts in regions with similar
event intensities and duration [41].

According to Vicente-Serrano et al. [42], drought has noticeable effects on vegetation,
air, soil, freshwater quality, and the fauna of terrestrial and aquatic ecosystems. In addition
to these effects, they state that this condition could cause forest fires and soil erosion.

Globally, urban land exposed to floods and droughts is expected to increase by more
than 250% [43]. The authors point out that even without climate change, urban areas subject
to flood and drought will increase by double by 2030.

Zhang et al. [44] define urban drought as temporary water stress that could be the
main cause of water scarcity. They argue that urban drought represents a shift in balance,
while water scarcity mainly describes a state of disequilibrium. For Kummu et al. [45],
indicators of water scarcity and stress are related to per capita water consumption.

3.2. Urban Water Consumption

Urban water management presents significant challenges due to population growth,
changes in precipitation patterns, and the water supply infrastructure ageing [46].

Such management should analyse the different patterns of urban water consumption
in different locations. Voskamp et al. [47] state that in order to formulate effective strategies
for the sustainable management of urban resources, it is extremely important to know the
urban characteristics that drive consumption patterns.

This information can assist in the development of sustainable construction projects.
For Wong et al. [48], in the design of sustainable buildings, water consumption is essential
for the development of building water systems.

By such analysis, it is possible to verify consumption projections taking into account
local characteristics. In order to make water available to future generations in a secure
manner, users’ accurate knowledge of water consumption and awareness of rational use
become important tools for an efficient management. Oliveira-Esquerre et al. [49] state that
awareness of water use is fundamental in rational consumption, but for this to happen,
adequate control with accurate consumption measurements is necessary.

According to Daminato et al. [50], investments in new technologies for measuring
water consumption may help in the management of utilities responsible for distributing
drinking water. The authors state that these technologies help control water use. They
concluded that the replacement of meters caused an increase in household water consump-
tion. This fact was justified by the possible failure of the water meters due to gradual age
deterioration. Regarding behavioural issues, they observed that users’ knowledge of water
consumption in real time, with the installation of smart meters, reduces drinking water use
by 2%.

Population and economic growth has increased the drinking water demand, even with
limited availability of this resource. The severity of this limitation varies between regions.
This occurs due to differences in water availability and local socioeconomic conditions [51].
For Alameddine et al. [52], in arid and semi-arid regions, especially in coastal urban areas,
water availability and quality are critical factors, as these regions experience continuous
population growth despite limited access to fresh water resources.

In China, problems related to the scarcity of water resources and water environment
pollution and deterioration have become the main issues concerning the sustainable devel-
opment of the economy and society [53]. Yao et al. [54] emphasise the importance of water
resources for social and economic development.

Globally, irrigation is the largest water consumer in the twentieth century, with a
greater share in South Asia, due to rice cultivation, followed by the Middle East, due
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to arid conditions [45]. In Dunhuang, China, agriculture is the main water consumer,
while household, industrial and industrial service consumption plays a small role in water
consumption in this region [55]. The lack of water in agriculture could have serious effects
on the population health due to food production shortages [51].

Analysing the capacity of water supply sources and their consumers’ habits is ex-
tremely important for water resource management. Lin et al. [56] mapped the local water
consumption impacts on Taiwan’s three main river basins. To obtain the results, they
analysed the water supply sources and the areas affected by the river basins in the distri-
bution of this water resource on a spatial scale. The authors state that the heterogeneous
distribution of water users in a given region results in non-uniform consequences for
water consumption.

Vallès-Casas et al. [57] analysed the drought and economic crisis influence on water
consumption reduction from 2007 to 2013 in the Catalonia region. The economic crisis
effects on water consumption were analysed using the variables unemployment, income, and
water price. Through statistical analysis (generalised linear mixed model), they observed
that the increase in water prices and drought intensity resulted in a decrease in water
consumption. For demographic issues, the results showed that larger and older families
consume less water. In environmental behaviour, related to recycling, the greater the
environmental awareness, the lower the water consumption.

Users’ behaviour in relation to conservation practices plays an important role in water
consumption variations [58]. Research on criteria relating to environmental awareness in
different regions may assist in developing tools for analysing environmental impacts.

Itsubo et al. [59] studied the weighting factors used in the analyses of life cycle impact
assessments (LCIAs) in countries participating in the Group of Twenty (G20). For analysis,
questionnaires were administered to households in the countries, and 6400 responses
were obtained. The results showed that the weighting factors were the highest for human
health (loss of life expectancy), followed by biodiversity (extinction of species), and primary
production (inhibition of plant growth). They found that the factors vary between countries,
but their values tend to be similar in developed countries.

Developing awareness campaigns to reduce water consumption is a long-term effective
tool as people adapt to new uses of water and realise its importance in their daily use.
This characteristic is independent of financial issues, as reducing water use is relevant to
the user.

In Israel, Katz et al. [60] analysed the effectiveness of water conservation through
awareness campaigns. The study was based on daily data from 1000 families in a neigh-
bourhood with homogeneous socioeconomic characteristics over six months. Data were
collected in a period of water scarcity and high temperatures. Using the econometric statis-
tical model, they compared the water consumption rate of the families that received the
messages requesting water conservation with those that did not. In the end, they obtained
a sample of 934 households. An online experiment was applied to complement the field
research to evaluate the campaign’s cost-effectiveness, with the increase in prices and the
additional cost of water through desalination. They observed that the price increase helps
to reduce water consumption, but its effectiveness decreased in the long term with the
reduction in prices.

According to Mustafá et al. [61], Jordan is considered a country with the most sig-
nificant water scarcity in the world, with 61 cubic metres of water per capita available
for supply, a value that points to absolute scarcity, as reported by the Ministry of Water
and Irrigation [62]. According to Benedict and Hussein [63], the Ministry of Water and
Irrigation has explored different ways to solve this issue, such as increasing water supply
and reducing consumption through awareness campaigns.

In Jordan, Benedict and Hussein [63] studied the effects of water consumption re-
duction policies due to awareness campaigns. The study was based on questionnaires
administered to scholars, government officials, employees of nongovernmental organisa-
tions, refugees, farmers, rural communities, donors, and international organisations. The
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questions were based on participants’ views on the reasons for water scarcity in Jordan
and daily practices and methods for water reduction. To analyse the programmes used to
reduce water consumption, the authors analysed documents from awareness programmes
applied in Jordan. They observed that awareness campaigns use two discourses, entitled
state insecurity and citizen insecurity. In terms of state insecurity, the discourse is based on
political instability, with the implementation of rationing policies in the domestic water
supply. For citizen insecurity, they suggest that daily practices to reduce water use, if
misapplied, can carry risks of access to water. They found that the national strategy for
water reduction attributes a fundamental role in state security to citizens and their water
behaviour. They observed that in the awareness campaigns, obedience to state policies
regarding water use starts from the daily life of users and from making the use of water
governable and punishable. In the end, they found that despite the efforts of such cam-
paigns to reduce water consumption, the methods used for behavioural change remain
uncertain in this location, as the population did not fully adopt the conservation measures
described in such government materials.

In China, Chai et al. [64] analysed water consumption indirectly (water incorporated
in goods and services) and directly (water consumed by the population for drinking,
housekeeping, etc.) in different groups of families. The main research objective was to
evaluate the consumption impact on the use of drinking water among urban and rural
families, with different income levels and in different provinces. They found that the annual
per capita consumption in urban areas was higher than in rural areas. They justified this
situation by the difference in eating habits. Regarding indirect consumption, the authors
observed that in cold regions there was a greater consumption of water in clothing, and
in coastal regions in aquatic products. For direct consumption, water use was higher
in hot and humid regions. According to the authors, examining how people’s lifestyles
affect water consumption indirectly, in the production of goods or provision of services, is
essential to understanding the socioeconomic water cycle.

Due to the heterogeneous drinking water distribution, secure water consumption in
terms of quantity and quality has been one of the factors of great concern. According to
Wong et al. [48], household freshwater consumption may vary due to several factors includ-
ing climate, culture, economy, individual demands, residents’ attributes, and characteristics
of household appliances.

For this reason, research has been focusing on alternative water sources. Alim et al. [65],
by analysing several pieces of research, verified that rainwater use for drinking purposes
requires specific treatments, and in economic terms, the system was viable for use on a
small scale.

Water consumption varies across regions due to local urbanisation characteristics.
In Chinese provinces, Liu et al. [66] determined the urbanisation impact on the regional
water footprint of production and consumption. The urbanisation level was assessed using
data relating to population, economy, land urbanisation, and social urbanisation. For
the regional water footprint, the values corresponded to production in the agricultural,
industrial, domestic, and ecological sectors (water consumed in the artificial recharge of
some rivers, lakes and wetlands for environmental and ecological use). By using linear
regression analysis, the results showed that the water footprint was mainly related to
economic urbanisation because of industrial production. For the domestic sector, the
regional water footprint was related to the population urbanisation. In the industrial sector,
the soil urbanisation role in the water footprint of consumption was greater than that of
the population, and economic and social urbanisation. In different regions of China, they
observed that the urbanisation impact varies in relation to the water footprint. They found
that water consumption is related to the agricultural sector in 80% of the provinces.

Water governance comprises a range of political, social, economic, and administrative
systems that directly or indirectly affect the use, development and management of water
resources, and the provision of water service at different levels of society. Governance



Water 2024, 16, 838 11 of 24

systems determine who gets what water, when and how and decide who has the right to
water and related services and their benefits [67].

In Jordan, Liprot and Hussien [68] analysed the relocation of water from rural areas
(agricultural use) to urban areas (industrial and residential use). Through questionnaires,
the authors analysed issues related to groundwater, demand management policies, reloca-
tion, farmers’ strategies, and selection of aquifer donors. This research covered government
officials, scholars, non-governmental organisation staff, and development agencies. At the
end of the study, they found that successful water relocations from rural to urban areas
occurred in a region of Jordan, Mudawarra. This region was characterised by a few workers
or small owners, low transaction and execution costs, and excessive water capacity. These
factors made water reallocation more attractive in this location than in higher regions.

4. Introduction to Factors Influencing Water Consumption
4.1. Factors That Influence Urban Water Consumption

In the urban environment, societies established their water consumption pattern
based on socioeconomic conditions, cultural contexts, religious beliefs, traditions, and
customs [34]. For Araya et al. [69], a better understanding of residents’ perceptions of
water consumption can help in designing better strategies to deal with issues related to
water conservation.

In some regions, outdoor water use is necessary, especially in homes. In accor-
dance with Campbell et al. [70], a significant factor in household water consumption
is its use in the external environment, especially in places where year-round irrigation is
needed. This consumption is mainly related to climatic factors, such as evapotranspiration
and precipitation.

Humidity is also an influencing factor in water consumption in external environments.
The lower the relative air humidity, the greater the water consumption, and the higher the
humidity, the lower the water consumption [71].

Knowledge and analysis of the water use in different building types are extremely
important when applying methodologies to reduce water consumption. The building type
is related to per capita water consumption [72]. Following Meireles et al. [73], the benefits
related to water conservation measures depend on the building characteristics and its
specific uses.

Talpur et al. [74] analysed water consumption patterns in an institutional building in
Pakistan. Two scenarios related to the total number of occupants were studied. One of them
referred to the number of building occupants during the research period (398), and the other
to the projection of the maximum number of occupants in the building (630). The authors
compared water consumption using conventional and water-saving equipment, taking into
account the criteria established by the LEED (Leadership in Energy and Environmental
Design) reference guide. They observed that total water consumption can be reduced by
33.5% using the water conservation criteria presented in the LEED reference guide, and
drinking water consumption would be reduced by 25% to 42% by using grey water.

In building types such as university buildings and hotels, Meireles et al. [73] verified
the water efficiency measures impact on water consumption, energy, and carbon dioxide
(CO2) emissions. The study was carried out in 2015 in five regions of Portugal. The
methodology was based on data relating to bathrooms in university buildings. In hotels,
guest rooms were analysed. The authors concluded that in university buildings, 66% of
savings in water, energy, and CO2 emissions would be due to the retrofitting of toilets. In
hotels, a 67% reduction in water use and 97%-98% in energy and CO2 emissions would
occur through the re-adaptation of hot water use devices (showers and lavatory taps). The
results showed a reduction in water consumption, energy, and CO2 emissions with the
re-adaptation of equipment with water consumption reduction devices, in a Mediterranean
climate. With these device interventions, the authors state that water consumption would
decrease by 56% in university buildings and 50% in hotels.
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In semi-detached houses, Rathnayaka et al. [72] found that per capita water consump-
tion is 13% higher than in multi-storey buildings, and 13% lower than in detached houses.
This difference is attributed to the presence of a garden and swimming pool among these
building types.

With regard to the different building types, in the city of Brasília, Federal District,
Brazil, Sant’Ana et al. [71] analysed the relationship between household water consumption
and building type, family income, and the number of occupants. For this, data about the
water end-use were collected from 118 households. The research was based on a stratified
random sample of 481 households in seven administrative regions of the Federal District.
This sampling pattern was necessary to verify the main statistical patterns of water end-uses
and household consumption. By means of interviews, there was collection of data about
the water socioeconomic aspects and housing characteristics. The explanatory variables
described in the questionnaires referred to the number of residents per household, income,
construction area, and external area use (floor/garden). In the end, they concluded that
high-income families have different water consumption habits, pointing out that use time
is longer and use frequency is greater compared to low-income families. They found that
housing characteristics and family income are directly related and affect both indoor and
outdoor water use.

Dias et al. [75] analysed the factors influencing water consumption in multi-family
buildings, in the city of Joinville, state of Santa Catarina, Brazil. Data were obtained through
questionnaires, with consumption data from 2015 to 2016. To interpret the data obtained,
multiple linear regression analysis was used because of the existence of more than one
regressor in the model (independent variables) and due to the dependent variable being
quantitative (water consumption). The results showed that building water consumption
increased according to some factors, namely a longer distance from the city centre, higher
number of flats, higher number of floors, greater property age, and higher number of
residents per flat. This higher water consumption was also related to the existence of the
sewage network and the increase in the building market value. The consumption reduction
is related to the existence of an alternative water supply system and a higher percentage of
building residents. With regard to per capita consumption, the authors observed that water
consumption increased according to a longer distance from the city centre, greater property
age, higher building market value, existence of swimming pools, and existence of a sewage
network. The reduction in per capita water consumption was due to the percentage of
residents, average number of residents per flat, existence of individual water metering, and
an alternative supply system.

Factors related to the users’ socioeconomic situation may influence water consumption
in different building types. Marinoski et al. [76] state that household water consumption is
related to the residents’ lifestyle. They found that there is no correlation between water
consumption and income in 48 households in the city of Florianópolis, state of Santa
Catarina, Brazil. By means of interviews, they observed that residents in low-income
families have the habit of preparing their meals at home, unlike high-income families,
where the habit of having meals at restaurants may be more frequent.

In Amsterdam, Voskamp et al. [47] studied factors related to water, energy, and gas
consumption. They divided the city into four distinct spatial units with high-resolution
data. Two units were determined by distributions at the level of neighbourhoods and
districts, and two units determined by square divisions of 100 metres and 500 metres at
the spatial level of the city. The results obtained through statistical analyses showed that
the variables income level, number of residents, resident age, building type and garden size were
explanatory in the analysis of water, energy, and gas consumption. By analysing only water
consumption, they pointed out five explanatory variables in the four models, exemplified
as follows: migration history (percentage of people with a non-Western migration history),
building type, resident age, rental housing type, and building age.

Users’ perception of water use can help in the development of policies aimed at
the sustainable management of this water resource. In Spain, Gómez-Llanos et al. [77]
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analysed consumers’ awareness of water use in activities or products consumed daily.
Users were asked about their daily routine in relation to direct household water use
and indirect water use (services and products that consume water in their process), and
knowledge of urban services (water supply, wastewater treatment, waste recycling, and
energy supply). Through statistical analyses, they concluded that young consumers have
better understanding of how their water footprint influences water consumption. They
state that to raise the population awareness of responsible water use, it is necessary to
incorporate knowledge of indirect water consumption.

In Japan, Singha et al. [78] analysed psychosocial and behavioural components in
water conservation and consumption. Information was obtained from 514 people through
the application of questionnaires from September to October 2021. To measure residents’
water consumption, six months of water consumption were analysed. Structural models
and ordered logistic regression analysis were used. They found that the structural model
explained 57% of the variation in water conservation behaviour and 55% of the variation in
water consumption. They observed that personal involvement in water conservation and
the emotion and habit of using this water resource had a positive and significant impact on
conservation behaviour and a negative impact on consumption. Using the ordered logistic
regression model, they analysed the robustness of the results and observed that participants
who reported having a greater awareness, a greater sense of responsibility, habit, emotion
and involvement with water use were more likely to save water. They found that water use
behaviour is a complex operation and depends on the stimulation of personal (attitude,
awareness, emotion, and responsibility) and external (habit and involvement) elements.

Within this context, awareness campaigns on water use emerge. Tiefenbeck et al. [79]
analysed the influence of an environmental campaign on water and energy consumption
in a multi-family building with 200 flats, in the city of Lynnfield, Massachusetts, USA.
The authors divided the flats into two experimental conditions: one group of residents
participating in the research would receive information about their water consumption,
and the other group would receive no information. The study was based on data from
readings from water meters and electricity meters. It was observed that residents who
received information about their water consumption reduced their use by 6%; however,
electricity consumption increased by 5.6%. The authors suggest that more comprehensive
environmental programmes should be adopted in order to quantify and mitigate these
unintended effects.

Tong et al. [17] analysed the effect of awareness, perceptions, and individual behaviour
control, and gender (male and female) influence on water conservation practices. The re-
search was based on questionnaires applied from April to August 2014 to residents of the
Shaanxi Plain, located in northern China. The research recruited 622 randomly chosen
residents—318 women and 304 men—living in the districts of Baoji, Yanglin–Wugong, and
Weinan, which have similar climate and socioeconomic characteristics. The information
obtained in the questionnaire involved questions related to the water users’ characteristics
(age, educational level, family income and family size), attitudes and expected results in
relation to water conservation, individual behaviour control (ease or difficulty of saving wa-
ter), social norms (public perception and authorities’ attitudes towards water conservation),
and water conservation practices. Using the Cronbach’s α test, they analysed the question-
naire reliability, and the Kolmogorov–Smirnov test was used to analyse data normality.
The authors used structural equation models to identify relationships in the information
obtained from the questionnaire. They concluded that factors that affect water conservation
practices vary between men and women. Women adopt conservation practices mainly to
reduce water costs, while men adopt these attitudes to mitigate the lack of water supply.

Manouseli et al. [80] analysed the effectiveness of a water efficiency programme
applied by a water distribution company in single-family homes in southeast England. The
project was launched in 2007 with the installation of water-saving devices in homes (double
flush, tap insertion, aerated shower, and rainwater storage tanks). Multilevel regression
was the statistical analysis used in the study, as it considers the statistical dependence
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between sequential observations of the same group. In the study, the authors describe
the opportunity to make use of temporal data (climate and water efficiency dummy)
and time-invariant variables (Acorn Class and household size). The analysis showed
that families that participated in the water efficiency programme reduced their water
consumption by 15%. The research results showed that families with a single resident and
with financial difficulties have a greater potential to save water than larger families with
greater economic potential.

Another important issue in water consumption is the user’s perception of the quality of
water received. This information about potability and security standards in relation to water con-
sumption has influenced different forms of consumption. According to Alameddine et al. [52],
consumers’ perception of the quality of the water that reaches their families can affect
its use.

In Belgium, Geerts et al. [81] studied the main reasons consumers prefer to consume
tap and bottled water. To obtain the data, a questionnaire was applied with questions
regarding attitudes and behaviours in drinking water use. For analysis, 2309 interviews
were studied. They observed that environmental and financial considerations drive the
consumption of tap water, but negative perceptions of quality have made people prone to
consuming bottled water. Considering sociodemographic issues, the study showed that
bottled water consumption is more common among the older people, men, and groups
with less education.

In Beirut, Lebanon, Alameddine et al. [52] analysed people’s perception of the quality
of the public water supply network and underground water collection wells. According
to the authors, the area covered is densely populated and suffers from water scarcity
issues. For data collection, stratified sampling, determined through population density,
was adopted in 11 administrative zones. Visits were made to 310 buildings with private
wells, and 177 of them agreed to participate in the study. The results obtained by the
authors indicate that residents’ perception of the public water supply network is affected
in a direct manner by the inferior quality of water from unregulated wells in the region
under study. They found that user’s satisfaction with the use of well water is related to the
season, interviewee’s age, resident type (owner or tenant), and water quality. For public
water consumption, they found a weak correlation with actual water quality.

In the city of Yangon, in Southeast Asia, Ko et al. [82] studied the factors that influence
household water consumption, including household characteristics and perceptual factors.
By applying questionnaires in 2020, they obtained data from a sample of 100 households.
The interviewees’ characteristics were classified into building type (social housing or residen-
tial flat), resident type (owner or tenant), education, income, family size, and time living in the
city (five years or more, or less than five years). There were questions about the availability
of tap water and existence of a water storage system in the building, household water
treatment application, and bottled water consumption with its cost and purchase method.
For data analysis, the Chi-Square test was used to study potential factors influencing water
consumption behaviour, including household perceptions and characteristics, future tap
water consumption, and the choice regarding charging methods (fixed tariff/water meter).
They found that behaviour related to water consumption is associated with time living
in the city. Decisions to drink water are associated with perceptions of the human senses,
such as taste. They observed that residents perceived the quality of bottled water as higher
than that of tap water. Regarding the charging method, the authors found that choosing
between fixed tariff and water meter is associated with education, family size, income, and
willingness to spend more on better-quality water.

Quantifying the effect that drives water consumption in different regions leads to the
formulation and adoption of differentiated water resource policies [54]. Several studies
have observed differences in water consumption in different regions.

In 38 cities of China, Lu et al. [83] analysed the temporal and spatial characteristics
of urban household water consumption over a period of three years, identifying the main
factors that influence water consumption. These regions, distributed to the country’s north
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and south, presented differences in climatic issues and economic levels. They concluded
that the amount of available water resources, the water price, and the use of water-saving
devices are the main factors that influence urban water consumption.

A study performed in 30 provinces in China, where 11 were located on the coast and
19 in the northeast region, over a period of 10 years, verified the relationship between
household water consumption and the CO2 emission impact due to energy use. They
observed that China’s rapid urbanisation significantly affected water and energy consump-
tion mainly in coastal regions. Household water consumption showed decreasing trends,
regardless of the location of cities, in values related to the increase in water price [84].

In 31 provinces of China, from 1997 to 2013, Bao et al. [85] analysed the factors that
influence water consumption efficiency. The variables used in the study were described as
follows: dependent variable—water consumption efficiency (total water consumption/GDP)—
and independent variables—per capita water resources (total water resources/total popula-
tion); GDP per capita (GDP/total population); urbanisation level (urban population/total
population); ratio of value added in tertiary industry to GDP (value added of the tertiary
industry/GDP); per capita total investment in fixed assets—properties of a company (total
investment in fixed assets/total population); per capita social retail sales of consumer goods
(social retail sales of consumer goods/total population); urban per capita disposable income
(national sample survey data); rural per capita net income (national sample survey data);
and per capita grain yield (total grain yield/total population). Through statistical analysis,
they concluded that the water consumption efficiency in a province may be influenced
not only by socioeconomic and environmental factors, but also by the water consumption
efficiency in neighbouring provinces. They found that with a 1% increase in water con-
sumption efficiency levels in neighbouring provinces, there will be a 0.34% increase in the
local province.

From 2000 to 2015, Yao et al. [54] analysed the factors driving water consumption in
31 provinces of China. The research was based on data about population, production, and
water consumption indicators. They found that in eastern China, water efficiency is higher
than the national average, except in the regions of Jiangsu and Shanghai. They point out that,
in these locations, it is necessary to continually stimulate the development of technological
innovations, improvements in production technologies, changes in forms of irrigation,
and an increase in the rate of industrial water reuse. They state that in some regions,
especially in the central and eastern ones, with a high population concentration, controlling
the population size could be an auxiliary measure in reducing water consumption.

In several regions of China, Long et al. [86] studied the factors influencing water
consumption. The analysis was based on data obtained from the agricultural, industrial,
and residential sectors. Through statistical analyses, the results showed a reduction in
water consumption with the use of household appliances that have efficient technologies in
the residential sector. In such a sector, per capita income has driven the increase in water
consumption. Throughout the research, the authors identified different patterns of water
consumption in the regions analysed. In the residential sector, the increase in consumption
occurred in all regions analysed. They suggest that investment in efficient equipment in the
agricultural, industrial, and residential sectors should be increased. The authors affirm that,
in the residential sector, standards for constructing new buildings will need to be improved,
and water facilities will need to be rebuilt in older communities.

Fan et al. [87] assessed household water consumption in 286 cities in China. Data
used in the analysis included daily household per capita water consumption and fifteen
factors that affect household water consumption. The variables used in the analysis were
described as follows: climatic factors (two variables); water price; socioeconomic factors (seven
variables); water appliance factors (two variables); and water supply and conservation factors
(three variables). The cities were classified according to water consumption into groups
of low (less than 70 litres per person per day), medium (between 70 and 140 litres per
person per day), and high consumption (more than 140 litres per person per day). The
statistics were based on correlation analysis, path analysis, conditional inference tree, and
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random forest. They found that water consumption in Chinese cities was affected by
climate, socioeconomic factors, and water supply capacity and conservation in a significant
manner. In high-consumption cities, high rainfall and the economic situation were the
main factors that contributed to increased water consumption. In low-consumption cities,
the authors concluded that household water consumption was lower than what would be
necessary for secure water supply. They argue that this restriction is due to the city’s water
storage capacity and residents’ economic matters.

In seven cities in India, Shaban [88] analysed household water consumption. Data were
collected through interviews with 2734 families, obtaining information about consumption,
availability, access, and methods adopted to drinking water conservation. The cities were
categorised into five different areas—that is, high, medium, and low income groups—located
in places with well-planned buildings slum areas, and mixed areas. Through measurements,
they estimated the volumes of water for shower, washing clothes, drinking and cooking, toilet,
cleaning the house, and washing utensils. Socioeconomic characteristics were determined
based on values corresponding to weights and family assets (television, car, refrigerator, and
so on). The results found showed that the volume of water consumed by families is lower
than that determined by local standards, and families are satisfied with this level of supply.
This result is justified by the adaptation of residents to such a situation. In the study on
water end-uses, the highest consumption observed was for the washing machine, bathing,
bathrooms, and washing dishes and utensils. Regarding socioeconomic class, results showed
the upper class as the largest water consumer. Regarding water availability, it was observed
that only 18% of the population received a continuous 24 h water supply, provided by the
local utility.

In the Wallonia region of Belgium, Bich-Ngoc et al. [89] analysed the factors that
determine household water consumption, its spatial variation, and possible explanations
in relation to this spatial variability. For data collection, questionnaires were administered
to 15,000 homes in 2015 and responses were obtained from 2793 families. For statistical
analysis, a linear regression model was developed to provide a baseline for more complex
models with spatial regressors. To analyse the spatial patterns of water consumption,
two approaches were used, namely, fixed-effects regression with spatial predictors, and
mixed-effects regression. As a result, they observed that family size could explain water use.
As an alternative source (well, rainwater, bottled water and others) for drinking, cooking,
toilet use, garden irrigation, and the swimming pool, they observed that using rainwater,
especially inside homes, would lead to water savings of around 20% to 35%. Regarding
household location factors, they observed that after controlling household characteristics,
family composition (adult/child), income, lot area, practice of using rainwater, and the
existence of a garden or swimming pool, the spatial effect of water consumption becomes
insignificant. They justified this fact by the similarity of the building characteristics in the
same study area.

In Brazil, Grespan et al. [90] verified factors that affect water consumption, through
independent variables on residents’ socioeconomic and demographic aspects, data on
residents’ water consumption behaviour, and information about the building construc-
tion characteristics. The study was carried out in the city of Joinville, southern Brazil, in
394 single-family buildings. Data about water consumption, characterised as a depen-
dent variable, were obtained from the local water utility for the years 2017 to 2019. The
univariate regression tree was applied to identify the main factor influencing water con-
sumption. The results pointed out the number of residents and the presence of children and
teenagers as significant variables in water consumption. For per capita water consumption,
the most important variables in the regression tree were the floor-plan area per resident
(m2/resident), per capita income (salary/person), and the presence of a swimming pool.
In monthly household water consumption, the number of residents was the variable that
stood out.

Table 1 shows a summary of the main pieces of research cited throughout this article.
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Table 1. Pieces of research related to factors influencing water consumption.

Authors/Year Study Field Building Type Factors Influencing Water Consumption

Talpur et al. [74] Pakistan Institutional Water conservation criteria (LEED) and grey water use

Meireles et al. [73] Portugal University building and hotels Interventions in water use devices

Rathnayaka et al. [72] Australia Residential Number of residents; presence of children; building type and
efficiency of appliances (shower and toilet)

Sant’Ana et al. [71] Brazil Residential Housing characteristics; number of residents
and family income

Dias et al. [75] Brazil Multi-family

Distance from the city centre, number of flats, number of
floors, property age, number of residents per flat, existence of
the sewage network, and building market value, existence of
an alternative water supply system, percentage of residents
in the building, existence of swimming pools and existence of

individual measurement

Marinoski et al. [76] Brazil Residential building Water end-uses (shower)

Voskamp et al. [47] Amsterdam Residential
Migration history (percentages of people with non-Western

migration history), building types, resident age, rental
housing type, and building age

Singha et al. [78] Japan Residential
Psychosocial and behavioural components, awareness,

greater sense of responsibility, habit, emotion and
involvement with water use

Tiefenbeck et al. [79] Massachusetts Multi-family Environmental campaign on water and energy consumption

Tong et al. [17] China Residential (Gender)—factors that affect water conservation practices
vary between men and women

Manouseli et al. [80] England Residential Water efficiency programme

Geerts et al. [81] Belgium General user
Environmental and financial considerations drive the

consumption of tap water, but negative perceptions of quality
have made people adept at consuming bottled water

Alameddine et al. [52] Lebanon Residential

User satisfaction with the use of well water is related to the
season, interviewee age, resident type (owner or tenant), and
water quality. For public water consumption, they found a

weak correlation with actual water quality

Ko et al. [82] Yangon Residential Time living in the city and perception of water quality

Lu et al. [83] China Residential Quantity of available water resources, water price and the
use of water-saving devices

Cai et al. [84] China Residential Urbanisation and water price

Bao et al. [85] China General user Socioeconomic and environmental factors, and water
consumption efficiency in neighbouring provinces

Long et al. [86] China Agricultural, industrial
and commercial Water-saving devices and economic factors

Fan et al. [87] China Residential Climate, socioeconomic factors, water supply capacity and
water conservation factors

Shaban [88] India Residential Water end-uses and economic factors

Bich-Ngoc et al. [89] Belgium Residential Number of residents and alternative source (well, rainwater,
bottled water and others)

Grespan et al. [90] Brazil Residential
Number of residents, presence of children and adolescents,

floor-plan area per resident (m2/resident), per capita income
(salary/person), and presence of a swimming pool

4.2. Water Consumption in Adverse Situations—Influence of COVID-19 Pandemic

The global Coronavirus (COVID-19) pandemic has exposed how connected society’s
diverse problems are. This situation showed the significance of addressing another crisis in
the world, that is, climate change [91]. The measures imposed by governments to mitigate
the spread of COVID-19 have caused positive changes in the environment, and negative
impacts in some sectors.
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In China, the implementation of traffic restrictions brought significant changes in air
quality, as well as in Rome, Madrid, and Paris [92]. For the authors, this decrease will have
little impact on the accumulations of greenhouse gases that have occurred for decades
in the atmosphere. The increase in domestic and hospital waste, and the restriction of
waste recycling in countries such as the USA and Italy, brought negative impacts to the
environment [92].

These changes in air quality were presented by NASA in 2020 [93]. Information
released showed significant reductions in nitrogen dioxide (NO2) levels in China. The
analyses were based on images collected via satellite from January 1st to 20th (before the
quarantine) and from February 10th to 25th (after the quarantine). For NASA, there
is evidence that this change is related to the economic slowdown due to the spread
of COVID-19.

According to Petteri Taalas, Secretary-General of the World Meteorological Organisa-
tion [94], previous experiences show that the reduction in greenhouse gas emissions levels
in periods of economic crises is followed by rapid growth.

This change in relation to the environment occurs both in air quality and in water
quality. Yunus et al. [95] analysed these changes in the Vembanad River in India. Using
satellite images, the authors observed that there was a decrease in suspended particles in
water during the pandemic contingency period.

During this period, different sectors of society changed the way they lived together,
which led to significant changes in consumption habits. The pattern of water consumption
in different building types showed different characteristics during the COVID-19 pandemic.

In Brazil, Kalbusch et al. [96] analysed the impact of actions to prevent the spread of
COVID-19 on urban water consumption in residential (houses, buildings, flats and condo-
miniums); commercial (shopping centres, stores, restaurants, hotels, supermarkets, and
service providers); industrial (factories and industrial parks), and public (schools, hospitals,
and other government facilities) environments. Data about daily water consumption were
collected remotely via telemetry, installed in the distribution system of each building, from
February 21, 2020 to April 12, 2020, totalling 64,376 measurements of daily water consump-
tion. The analysis considered the total daily water consumption in each category. Through
statistical analyses, the authors found that industrial water consumption had the largest
reduction (53%), followed by commercial water consumption, with 42%, and public water
consumption, with 30%. The increase in water consumption occurred in the residential
environment (11%). Using the Kruskal–Wallis H statistical test, they observed that the
increase in water consumption in the residential environment was higher in multi-family
buildings than in detached houses or condominiums.

In England, Abu-Bakar et al. [97] quantified the COVID-19-related social isolation
impact on household water consumption patterns in 11,528 households. The data were
collected remotely by smart meters from January to May 2020. They used the k-means
clustering algorithm to analyse the data and observed a significant change in water con-
sumption patterns during the period of social isolation.

In the metropolitan area of Tabriz, Iran, Feizizadeh et al. [35] investigated COVID-19
pandemic impacts on urban water consumption patterns and verified future water demand
in this region. The analysis was based on water consumption data from 650,000 households
for the years 2018, 2019 and 2020. Through spatio-temporal analysis and the use of statistical
tools, the authors concluded that household water consumption increased significantly in
the months of January, February and March 2020. They found that water consumption is
directly related to land use (residential area; shopping centre; area in regions with hospitals
and health centres; educational, military and industrial areas), population density, and
the existence of leaks in the water distribution system. According to the authors, in order
to develop appropriate plans and strategies for the sustainable management of water
resources, it is extremely important to monitor the water resources that supply cities.
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In such studies, changes in water use habits in different sectors due to the COVD-19
pandemic were observed. This change highlights the need to predict water consumption in
the face of adverse situations, in order to obtain access to water in a secure manner.

In several regions of the world, access to drinking water is restricted, making it difficult
to comply with measures to restrict the spread of COVID-19. According to Zvobgo et al. [98],
in developing countries, millions of people do not have access to drinking water, not to
mention the use of water for washing hands, one of the most effective measures to control
the spread of COVID-19.

Stoler et al. [99] analysed the challenges faced by families to follow the recommenda-
tions imposed to control the spread of COVID-19 considering the water insecurity existing
in their locations. They observed that 71% of families experienced problems related to
water use and 46% faced difficulties in washing their hands due to restricted water avail-
ability, therefore requesting to borrow water from other people, which could undermine
the measures imposed regarding social distancing.

In the republic of Zimbabwe, in Africa, Zvobgo et al. [98] studied the limitations of
residents in the municipality of Chitungwiza due to restricted access to drinking water and
handwashing as a measure to help mitigate the spread of COVID-19. Through interviews at
four wells distributed in the municipality, they collected residents’ opinions about access to
water and the threats posed by the scarcity of this water resource in the spread of COVID-19.
They found that the practice of using water to wash hands would increase domestic water
consumption by 9%. Given the water supply issues, the authors described that residents
may not be able to meet established handwashing requirements.

This consumption pattern, in terms both of water use and of electricity use, presented
different characteristics in different regions.

In the city of Doha, Qatar, Abulibdeh [100] analysed the COVID-19 pandemic impact
on water and electricity consumption in six different socioeconomic sectors (villages, flats,
businesses, industries, and agricultural and government sectors). Three temporal levels
were considered in the study (monthly, annual and four phases related to COVID-19 pre-
vention measures). To explain in a spatial manner the impact of different social parameters
on water and electricity consumption, the variables population density, number of households,
gender (men and women), and age categories (14 and 39 years and 40 and 64 years) were used
in the study. Three statistical approaches were studied and described as follows: statistical
analysis (coefficient of variation), spatial statistical analysis (Moran index and Getis–Ord
test), and regression analysis (Ordinary Least Square and geographically weighted regres-
sion). As a result, it was found that water and electricity consumption have notable local
properties in terms of geographic distribution. The author observed statistically significant
clusters with high consumption in the south and west zones of the city due to the high
population density and the concentration of commercial and industrial areas. During
the lockdown phase, the results showed a strong positive correlation between water and
electricity consumption in the residential, industrial, and commercial sectors. In the resi-
dential sector there was an increase in water and electricity consumption due to the change
in people’s way of life during this period of confinement. Reductions in consumption
occurred in the industrial and commercial sectors as a result of contingency measures to
slow the spread of COVID-19.

The analysis of water consumption in different periods, such as during the COVID-19
pandemic, becomes an important tool for managers to verify the different forms of water
distribution. The pieces of research show high consumption in the residential sector,
evidenced by the change in ways of working.

5. Conclusions

This research aimed to elucidate issues related to urban water consumption. Biblio-
graphical research shows that water scarcity in several global regions is evident and has led
to reflections on water management. Climate change appears to be one of the precursors to
this situation.
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Within cities, municipalities, and countries, the characteristics attributed to water
distribution vary, depending on building types, region characteristics, and residents’ habits.
Research shows that water distribution may vary in a given region due to the economic
condition and water availability, and in different regions the climate is the main factor
attributed to this difference. Socioeconomic, environmental, and construction factors
should be analysed in each location and, therefore, strategies aimed at reducing water
consumption can be designed.

Different strategies are used as a way of encouraging water consumption reduction,
such as the development of awareness campaigns. Research related to this issue shows the
importance of raising users’ awareness of correct water use.

In several studies, the factors influencing urban water consumption are addressed
in different building types. This approach shows the need to analyse different tools for
each situation, as each building type has its own characteristics of occupation and use.
In residential buildings, several studies describe the influence of the number of residents
on water consumption, in addition to economic issues, which varies in different regions.
The increase in water consumption in most studies is related to high economic standards,
and in some cases, such as that presented by Marinoski et al. [76], income is not related to
water consumption. In the commercial sector, the importance of knowing water end-uses
is observed in order to develop strategies to reduce water consumption.

Adverse situations, such as the one experienced during the COVID-19 pandemic,
showed the importance of developing tools adapted to different scenarios. During this
period, research shows the difference in water use in different sectors and its impact on
environmental issues. Water use in the residential sector was significant during this period,
as a result of people spending more time in their homes.

This research, by analysing characteristics related to water use, shows the importance
of developing tools adapted to different situations, building types, and regions. These
regions often have different economic, population, climate, and cultural characteristics,
thus changing water use in buildings. Therefore, different measures applied in each region
can help reduce water use so that future generations can access this resource safely. The
results described herein may be useful for creating water resource management strategies.

As a research suggestion, new regions may be included in developing the issue on the
global water situation, complying with the availability of groundwater or surface water.

Another issue is addressing water scarcity with respect to quality or availability. This
can be developed by observing regional or local characteristics, agglomerations (rural or ur-
ban), economic characteristics, and population characteristics concerning water availability
and climatic conditions.

Issues related to tourism, in which there is a population increase over certain months,
are hardly addressed in the literature. An analysis involving this variable linked to environ-
mental and economic characteristics could help managers develop tools to reduce water
consumption in such locations.

The constant updating of data regarding water availability due to local characteristics
becomes the main limitation of review studies on this topic.

The approach and determination of the main research and data for analysis, when
topics are addressed at a global level, are extensive, making the entire approach on this
topic unfeasible due to the research time.
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