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Abstract: The COVID-19 pandemic has affected water consumption due to the Italian government’s
stay-at-home orders to reduce virus spread. Thanks to a complete dataset (hourly water demand for
2019, 2020, and 2021) related to five Apulian towns, there were observed different trends in water
consumption during the pandemic period compared with the pre-pandemic one, having previously
excluded other possible influencing factors. There is a marked reduction in areas characterised by a
high number of collective activities, less evident where the economy is mainly based on agriculture
or summer tourism, highlighting that the water consumption by collective activities is significant.
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1. Introduction

The COVID-19 pandemic reached all countries in 2020, bringing a radical change in the
daily routine of millions of people due to the adoption of passive containment measures,
like social distancing, mobility restrictions and collective activities closure. Since the
pandemic’s start, citizens implementing remote working methods, although some activities
(the so-called essential public services) have never been affected by the closures [1]. In
addition, public sectors suffered a lot from the impact of the COVID-19 pandemic, forcing
them to adopt remote work systems and remote control of networks and infrastructures,
especially during lockdown periods that imposed restrictions on mobility [2—4]. Among
all public sectors, social distancing and mobility restrictions impacted the drinking water
sector with regard to infrastructures [5], water demand and urban water circle [6], causing
a different temporal distribution of municipal water consumption [7].

Different studies have demonstrated that lockdown periods that have alternated
all over the world resulted in an increase in domestic water demand, a decrease (and a
delay) in peak morning, and a reduction in total water consumption due to the closure of
commercial and industrial areas and the mobility restrictions imposed [8,9], demonstrating
that citizen habits have a significant impact on water demand [10]. Therefore, from the
examined technical literature, a clear correlation between the restrictive measures imposed
by governments emerges, changes in citizens” habits and fluctuations in water consumption
trends [11-13]. This derived from the overall reduction in water consumption and the
simultaneous increase in domestic water demand related to lockdown periods in which
there was a greater demand for water for personal hygiene, cleaning and sanitation of
homes [14,15].

Starting from water consumption data, the objective of this work is to identify the
most significant consumption variations for five towns characterised by a different so-
cioeconomic structure. Initially, the observed water consumption variations were related
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exclusively to the pandemic, excluding socio-demographic and climatic factors. Subse-
quently, consumption trends were analysed in terms of daily volume and reduction of the
latter, for the years 2020 and 2021, about the same period as the previous year.

The study shows that the overall reduction in water consumption, highlighted in
previous works, is not uniform for all towns but varies according to the socioeconomic
structure since centres with a tourist and/or agricultural vocation are less affected by the
reduction in water consumption, due to a lower presence of collective activities in the area.

2. Materials and Methods
2.1. Study Area

The investigated data refer to five towns in Puglia (Southern Italy): Palagianello,
Lizzano, Trani, Molfetta, and Bari (from now on called, respectively, “Town 17, “Town 2”,
“Town 1”7, “Town 4”, “Town 5”) characterised by a variable population, from about 7000
inhabitants of Town 1 to about 320.000 inhabitants of Town 5, as shown in the following
Table 1.

Table 1. The number of inhabitants for each examined town in 2019, 2020 and 2021.

Towns Analyzed 2019 Inhabitants ! 2020 Inhabitants ! 2021 Inhabitants !
Town 1 7670 7630 7562
Town 2 9812 9732 9698
Town 3 55,610 55,405 55,175
Town 4 58,389 58,145 57,682
Town 5 316,491 315,284 313,003

T'Source: ISTAT (ISTAT, 2021) [16].

The examined towns (Figure 1) are significantly different from each other, not only
in the number of inhabitants but also concerning social and economic factors, which
significantly influence the habits and customs of the residents. The choice of such towns
was initially linked to the will to analyse cities characterised by a different number of the
resident population, but during the examination of data and trends, it was realised that
the chosen cities also made it possible to evaluate the impact on water consumption of
collective activities, which represent a further discriminating element between them.
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Figure 1. Study area (analysed towns of Puglia with coloured dots).
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Town 5 is the most important city, with a large number of collective activities and the
presence of an extensive industrial area; in some cases, both industries and commercial
activities are open for 24 h. Town 3 and Town 4 are similar towns, both on the sea with
comparable numbers of inhabitants. Concerning social and economic characteristics, con-
trariwise, Town 4 has two large commercial areas (about 250 shops) on the city’s outskirts,
frequented by numerous customers from the entire province. Town 2 and Town 1 are small
towns with a predominantly tourist economy that involves peaks in water consumption in
the summer months by virtue of an increase in presence. Collective activities, conversely,
are limited in number; most of them are closed in the winter months, regardless of the
restrictions imposed by COVID-19, and carry out their activity mainly in the period from
May to September of each year.

2.2. Dataset

Available data were provided by the integrated water service manager of Puglia,
which monitors flows withdrawn from the drinking water network for each inhabited
centre served, thanks to remote control systems. Data provided by AQP are recorded every
day of the year with a time interval of 10 min; the data used are related to the period from 1
January 2019 to 30 September 2021.

Analysed data are related to the whole water consumption of the investigated towns,
including domestic and non-domestic ones.

2.3. Methodology

Collected data were analysed using appropriate modelling, capable of providing
water consumption trends and how these are affected by different water uses [17]. The
methodological approach aimed first at excluding any alternative factors to the pandemic
that could influence water consumption trends. Specifically, the work was preliminarily
oriented to exclude those random factors that could influence trends subsequently shown.

The R programming language has been used to carry out tests involved in the present
investigation. R (vers. 4.0.3 for Windows) is a free software environment for statistical
computing and graphics. To perform statistical analyses were used rstatix, stats and car
libraries in R.

Statistical tests were performed to verify that the null hypothesis (the variations in
water consumption are random, and the dataset is not significant for this paper) could
be rejected. A conventional p-value of 0.05 was set; if the calculated p-value is less than
0.05, the null hypothesis can be rejected. Therefore, the alternative hypothesis is true, i.e.,
the changes in water consumption are not attributable to random factors but to one or
more causes. Statistical analyses were developed by extracting a sample of 288 data from
the entire dataset, the first half referring to a day in 2019 (March 25) and the second half
referring to a day in 2020 (March 23) for each of the investigated towns. Extracted samples
were first subjected to the Shapiro-Wilk W test [18], which returned p-values consistently
lower than 0.05 so that it is possible to admit that data do not follow a Gaussian distribution.
Subsequently, Levene’s test [19] was carried out to evaluate the possible homogeneity of
variances; also, in this case, by p-values less than 0.05, it was found that the variances are
not homogeneous. Thus, a non-parametric test had to be used, opting for the Wilcoxon test
of signed ranks [20]; the latter returned a p-value lower than 0.05 for all analysed towns,
allowing us to state that for each of them, it is possible to reject the null hypothesis and that
the variations in water consumption are not due to random factors.

Other factors that could affect water consumption data are socio-demographic and
climatic factors. Regarding socio-demographic factors, there have been no significant
changes to the water price in the investigated period. In addition, there have been no
massive awareness campaigns aimed at rational use of the water resource nor significant
variations in the number of inhabitants in the analysed towns; in the latter case, although
Table 1 shows population reductions for all cities, these variations are not significant and
not able to influence the obtained results. Concerning climatic factors, we proceeded to
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analyse the average temperature and precipitation data for the period considered in the
study, noting that the values mentioned above show neither anomalies nor significant
variations, such as to justify the water consumption values detected.

With a 10 min time interval, available data were aggregated to obtain the average daily
volumes. From this, it was possible to elaborate on water consumption trends shown in
the following paragraph. The average daily volume was calculated starting from the next
relationship:

21211 Z?:l Ui

vy = S )

where v;; is the instant volume registered from the remote control system, i is the number
of hoursinaday (i=1, ... ,24),jis the number of the observations in one hour (j=1, ...,
6) and 7 is the daily number of available data with 10-min interval (n = 144).
Furthermore, in this paper, the percentage variation of the daily volume (Daily Volume
Reduction) has been analysed; this variable was evaluated using the following formula:

Vi, k — VajF, 2020

Daily Volume Reduction (%) = %
AJF, 2020

@

where V; (m3/d) is the daily volume of the considered k-day (k = 1 March; ... ; 30 April)
both in 2020 and in 2021, and V 4jr 2020 is the average daily volume during January and
February of 2020 (m3/d), that represents the pre-pandemic situation. Evaluating this
further variable allows us to compare obtained results with previous studies.

3. Results and Discussion

Daily volume data allow us to explore variations in water consumption in 2019 (pre-
pandemic period), 2020 and 2021 (pandemic periods), comparing different trends. Analyses
were carried out for all towns in Table 1; nevertheless, only the most significant plots are
shown in the following pages, having noted that trends lead to similar and overlapping
considerations for some towns.

Trends shown in the next plots (Figures 2—4) highlight that, compared with 2019, water
consumption is significantly reduced for towns with a more significant inhabitants number
(Town 5, Town 4), where the presence of collective activities is the leading cause of water
consumption, as opposed to smaller towns (Town 2), in which there are no substantial
differences between the pre-pandemic values and the corresponding ones of 2020 and 2021,
by an economy with a lower tertiary vocation.
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Figure 2. Daily volume plot for Town 5 (from January to April 2019, 2020, 2021).
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Figure 3. Daily volume plot for Town 2 (from January to April 2019, 2020, 2021).
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Figure 4. Daily volume plot for Town 4 (from January to April 2019, 2020, 2021).

In Town 1, there are no appreciable reductions in water consumption (Figure 5)
by a reduced presence of collective activities and an economy mainly connected to the
agricultural and agri-food sectors, never interrupted during the pandemic.

Town 1

average Jan, 1 - Mar, 31: 1093.0 m*/d "Jan, 1 - Sept, 30,2020

Daily volume
I
8

800" - - - - g - - -
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Town 1
"Jan, 1-Sept, 30,2021

average Jan, 1- Mar, 31: 1107.3 m*/d
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Figure 5. Daily volume plot for Town 1 (from January to September 2020 and 2021).
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Extending the analysis period to the January-September time interval, trends confirm
considerations of previous plots. 2020 and 2021 graphs are almost overlapping due to the
persistence of restrictive measures, which, although less tight in 2021, have, in any case,
imposed the closure of most of the collective activities. Figure 6 confirms what has just

been asserted.

Town 3
"Jan, 1- Sept, 30, 2020
average Jun, 1 - Aug, 31: 15011.0 m*/d
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Figure 6. Daily volume plot for Town 3 (from January to September 2020 and 2021).

Figure 7c—e, related to bigger towns, highlight a reduction linked to the restriction
measures of 2020 and 2021 compared with water consumption in the pre-pandemic period.
Figure 7b, instead, shows a gradual decrease in 2020 and a general increase in 2021 com-
pared with the same period of the previous year, probably due to fewer restrictions and
more collective activities that should be open in 2021. Town 1 (Figure 7a) is anomolous, a
rural town characterised by fluctuation due to work and, above all, school activities; the
mobility reduction towards the outside has led to an increase in water consumption.

Therefore, this study shows an overall reversal of water consumption trends compared
with the pre-COVID-19 period; the pandemic has led to a reduction in water demand,
although not for all uses, and to a more conscious use of the resource, opening de facto a
perspective of a more eco-sustainable world [21].
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(a)

Figure 7. Cont.
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Figure 7. Daily volume reduction trends for (a) Town 1, (b) Town 2, (c) Town 3, (d) Town 4, (e) Town
5 (from March to April 2020 and 2021).

4. Conclusions

The COVID-19 pandemic in Italy is not over, although the increase in vaccinated people
is causing a gradual return to the pre-COVID situation. Nevertheless, some measures
introduced during the confinement period (smart working, distance learning, ... ) have
supplanted old customs and habits and determined new life models.

Plots shown in the previous paragraph highlight a general reduction in water demand
since the start of the pandemic, stronger where the number of collective activities is higher,
unlike what happened in smaller towns. Probably, this means that the cause of water
consumption changes is linked to restrictions and socio-psychological conditions created
by the pandemic; since the overall observed water consumption decreased while domestic
water demand increased, the most significant impact is necessarily linked to collective
activities affected by periods of closure and a restart at lower levels than in the pre-pandemic
period, by the people mistrust to frequent potential crowded places.
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In addition, the analyses of water consumption for three different periods in which
Apulia was “red zone”, “orange zone”, and “yellow zone” and the comparison with the
same period of 2020 highlight that restrictive measures determine a general reduction in
water consumption in lockdown or “red zone” periods, while in the “yellow zone” period
when the most of collective activities are allowed, there is a substantial increase, which
reaches the maximum values, although not comparable to the pre-pandemic period, to the
removal of all citizens mobility restrictions.

Therefore, this study clearly shows that changes in daily habits linked to the COVID-19
pandemic, such as smart working or new users’ lifestyles and hygiene practices, have signif-
icantly affected daily water consumption trends; moreover, collective activities are strongly
responsible for the water consumption trend, considerably influencing the recorded values
through remote control operations.
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