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INTRODUCTION

ABSTRACT

The use of existing water resources and sustainability problems as a result of global warming
and climate change became an even bigger problem with the importance of hygiene during the
COVID-19 pandemic. In this research, the water consumption behavior will be researched and
the correlation between water consumption and COVID-19 case numbers will be investigated
in Bursa, Turkey. The monthly mean water consumption for 758,500 domicile subscribers using
the central tariff from 2018-2020 was calculated. Results obtained using the SPSS 23 IBM pro-
gram observed a 20.18% increase in water consumption in Bursa in general during COVID-19.
As Bursa province has both rural and industrial urban structures, when this increase is ex-
amined on a county basis, increase rates were 10% in regions with dense industry and mean
34% in rural areas. When the correlation between case numbers during the COVID-19 period
(March 2020-January 2021) and water consumption is examined, a negative correlation is nota-
ble (Pearson-Correlation=-0.616). As the case numbers increased in the continuing COVID-19
pandemic, the reduction in water consumption may be explained by warnings to citizens to
reduce water use through written and oral media due to reservoir fill rates falling below 5%.
These results provide beneficial information revealing the effects of COVID-19 on water con-
sumption behavior and use of water resources in urban and rural areas.

Cite this article as: Birisci E, Oz R. Household water consumption behavior during
the COVID-19 pandemic and its relationship with COVID-19 cases. Environ Res Tec
2021;4:4:391-397.

or criterion for urban sustainability and social inclusion.
Regulation of the structure of water consumption is an im-

The increasing water demands with the rapid and contin-
uous development of urbanization, industrialization and
globalization have made the imbalance between water re-
sources more pronounced in recent periods. At this point,
water resources have led to negative effects on regional so-
cioeconomic and environmental development. The struc-
ture of water consumption is encountered as an application
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portant point to ensure the optimum allocation of water
resources and solve imbalanced situations related to use of
water resources [1]. Topics related to water consumption
are an increasing problem every day within the framework
of sustainability, especially in developing countries. How-
ever, development of sustainable water resources has global
importance [2]. Management and consumption of water
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resources is encountered as an important topic in recent
periods considering factors like one third of the world’s
population living in countries without adequate water re-
sources, the increase in per person consumption linked to
population increase, effects on the environment in line with
human activities like climate change [3].

There has been an increase of nearly 1% per year in global
water demands from 1980 to the present day linked to pop-
ulation increase, socioeconomic development and chang-
ing consumption behavior [4]. If the global water demand
continues to increase in a similar way until 2050, an in-
crease equivalent to 20-30% of current water use is expect-
ed linked to increasing demand for industrial and domestic
consumption [5]. When this situation is considered, it is
probable that severe water shortages will be experienced es-
pecially in countries with limited available water resources
when increasing water demands cannot be met.

The presence of stable water resources has vital importance
in protecting the health of a population, especially when
epidemic diseases begin to be observed [6]. In the report
published by the World Health Organization (WHO) [7]
in 2018, protecting health and improving hygiene were
emphasized to prevent at least 9.1% of the global disease
burden and 6.3% of possible deaths. For this reason, wa-
ter is a basic resource for society which plays an important
role in ensuring hygiene conditions, especially during an
epidemic, and reducing the spread of disease [8]. The exist-
ing water problem continued to grow with the COVID-19
pandemic emerging in Wuhan city in China in 2019. As
hand-washing, self-isolation and restrictions were included
among precautions with the aim of preventing the spread
of the COVID-19 pandemic, it was assumed that societies,
communities and households had access to acceptable lev-
els of adequate water [4]. However, the distribution of wa-
ter resources in the world does not have a fair structure. In
African and South Asian countries inhabited by nearly 85%
of the world’s population, serious difficulties are faced in
terms of accessing clean and potable water [9]. Considering
this situation, it is an unavoidable reality that water crises
that will be experienced in the future will be more severe,
and that the need for water use will continue to increase due
to COVID-19 and other diseases that may emerge.

After the emergence of COVID-19, governments in nearly
all countries in the world implemented a range of precau-
tions aiming to prevent spread of the pandemic. The most
important of these precautions was quarantine of individ-
uals to minimize the transmission risk. In this pandem-
ic period, it was unavoidable that there were increases in
consumption of water and electricity linked to individuals
spending more time at home. In addition to quarantine,
attention was drawn to hygiene conditions for prevention
with water use playing an important role in minimizing the
spread of the pandemic and preventing and controlling the

spread of COVID-19. Brauer et al. [10] estimates the global
access to hand washing with soap and water, and estimates
45%-55% of virus transmission reduced by hand washing.
According to the WHO, one of the most effective ways to
reduce the risk of transmission of the COVID-19 virus to
a person was regular and frequent hand washing with soap
and water. The study by Balacco et al. [11] emphasized that
hand-washing habits had a determinant effect on water con-
sumption. Recent studies considered water consumption
due to hand-washing [12-15]. Not only the hand-washing
habits of people, but also their general cleaning habits, such
that the frequency of showering in a week increase during
the pandemic period [16]. Kalbusch et al. [17] researched
the effect of preventing the spread of COVID-19 on water
consumption in a case study from Joinville city in the south
of Brazil. In their sample, when mean water consumption
is assessed within the scope of precautions, they conclud-
ed there were reductions of 53% in the industrial field,
42% in the commercial field and 30% in the public sector,
while there was a mean 11% increase in residential water
consumption. Another study was performed in Germany
by Liidtke et al. [18]. They concluded there was a 14.3%
increase in daily water consumption during the first lock-
down period of 2020 compared to the same period of the
previous year. Similarly in Portsmouth in England, there
was a 15% increase in water demands in residences during
the period of restrictions, while there was a 17% reduction
in non-residential water demands [19].

In this study, the water consumption behavior of households
in Bursa province was investigated before and during the
COVID-19 pandemic period. Although our study is similar
to the study of Kalbusch et al [17], we are also aims to in-
vestigate the correlation with Covid-19 cases and reservoir
fill levels. This research contributes to the literature about
water consumption before and during COVID-19 period,
it also reveals that how water consumption of household
changed with the changes in the reservoir fill levels even in
the pandemic period.

MATERIALS AND METHODS

Water Consumption

In this study created with the aim of investigating the ef-
fect of the pandemic on water consumption behavior, water
consumption before and during the pandemic was exam-
ined with data obtained from Bursa Water and Sewerage
Administration (BUSKI). Monthly water consumption data
for 758,500 domicile subscribers between January 2018 and
January 2021 were used with mean water consumption
per unit subscriber-household calculated. Research data
encompassed January 2018 to January 2021 with two data
sets created before and during COVID-19 from March 2020
when COVID-19 was first observed in Turkey. When the
data are investigated in detail, a fall in water consumption
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was present for Bursa in general in April 2020. According
to explanations from BUSKI, readings were not performed
in April 2020 due to COVID-19, so billing used 50% of the
mean water consumption information for the last three
months. For this reason, consumption information for April
2020 were not included in the analysis and the study was
completed with a total of 36 months water consumption
data comprising 27 months before COVID-19 (January
2018-March 2020) and 9 months after first COVID-19 case
identified (April 2020-January 2021). Additionally, water
consumption for households is evaluated with different tar-
iffs according to location, in the form of dam villages, at-
tractive village, town, promoted village and center. However,
with the thought that consumption by households in villages
and towns may be excessive due to garden watering, analyses
were limited to domicile subscribers using the central tariff.

ANOVA analysis was performed with the aim of investi-
gating the association between water consumption and
COVID-19 cases.

COVID-19

With the identification of the first COVID-19 case in Tur-
key on 11 March 2020, necessary restrictions began with the
closure of schools from 16 March. With the aim of ensuring
transparency during the pandemic, information in the form
of case, death and test numbers for each day were shared on
the Ministry of Health internet page (https://covid19.saglik.
gov.tr). Here, it is necessary to emphasize that the data shared
are a general tableau for Turkey, with data on a city basis not
announced by the Ministry of Health. As Bursa is one of Tur-
key’s largest cities, data from the general tableau is thought to
reflect the increase or reduction in case numbers for Bursa
province. Additionally, the system only included data from
symptomatic patients until 10 December 2020 with total
case numbers not given. Due to the inclusion of asymptom-
atic patients with positive PCR test in the total case numbers
from 10 December, the daily total case numbers (including
patients with positive PCR test) are unknown in earlier data.
The system additionally includes daily patient numbers and
daily test numbers. Using this information, an attempt was
made to estimate total case numbers for the period up to 10
December with regression analysis. A regression model was
created using the known case, patient and daily test numbers
from 10 December-30 March 2021. The dependent variable
in this regression model was daily case number, while the
independent variables were daily test numbers and daily pa-
tient numbers. The selection method for variables in the re-
gression analysis was determined as stepwise, and two mod-
els were obtained. For both models «=0.00 and p=0.000 were
significant. The adjusted R? value was determined to be larg-
er than 0.850. The second model with 0.005 significance was
chosen for the effect of the two variables (daily test number
and patient number) on the dependent variable (daily case
number) and the regression model below was created.

© 2 3
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Figure 1. Unit mean water consumption for domicile sub-
scribers in Bursa 2018-2021.

B1 = daily patient number

B, = daily patient number
$ = —1605.202 + 3.361 * B, + 0.060 * B, (1)

The regression model used to estimate the daily case num-
ber before 10 December 2020 is given above (1). In this
model, case numbers were estimated using patient numbers
and PCR test numbers.

In line with these estimations, monthly mean COVID-19
case numbers were determined and correlation analysis was
performed for the association between case numbers and
water consumption.

RESULTS

Data Analysis

Water consumption data in Bursa were investigated for
36 months and the following mean monthly water con-
sumption graph was obtained (Fig. 1). Although there was
seasonal differentiation in water consumption from 2018
to March 2020, generally water consumption appeared to
have a stable structure. The fall in April 2020 is fully due
to BUSKI, so it is not correct to make any interpretations;
however, an accelerated increase in water consumption is
observed from May 2020. Due to the announcement of the
first COVID-19 case identified in Turkey on 11 March 2020
by the Ministry of Health, it is possible to associate this in-
crease with COVID-19.

ANOVA analysis was performed with the aim of inves-
tigating the correlation between water consumption
before and during COVID-19 period for Bursa in gen-
eral. According to the ANOVA test results using SPSS
23, there was a significant difference with a=0.05 be-
tween water consumption before and during COVID-19
(p=0.000<0.05). Additionally, when descriptive results
are investigated, the mean water consumption per house-
hold was 8.7719 m’/month before COVID-19, while
it was calculated as mean 10.5424 m?*/month during
COVID-19 period. In comparison with the mean before
COVID-19, water consumption appeared to increase by
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Figure 2. Water consumption intensity before and during COVID-19 for counties in Bursa.

20.18% in the COVID-19 pandemic period. These find-
ings reveal an understanding of the behavior of house-
holds in Bursa when faced with the large-scale health
threat of COVID-19.

Due to the geographical structure of Bursa, the excess of
rural areas and industrial settlements is notable in the
province. For this reason, there may be differences in
water consumption between counties. There is a need
for in-depth analysis considering each county in Bursa
separately.

Bursa province includes a total of 17 counties. ANOVA
analysis was performed to investigate the water consump-
tion differences between these counties. The results of
ANOVA analysis show the presence of a significant differ-
ence (p=0.000<0.005) between water consumption in the
counties. The mean water consumption per subscriber for
Bursa in general in the time period is 9.6571 m*/month.
When counties with mean water consumption per central
subscriber more than 10 m® are examined, these include
Niliifer, Inegél, Mudanya, Giirsu, and Karacabey coun-
ties, while counties with less than 5 m* consumption are
Orhaneli, Keles, and Bityiikkorhan counties.

The water consumption intensity before and during
COVID-19 period is shown in Figure 2. The largest in-
crease in household water consumption was Harmancik
county with 121% increase. The reason for this excessive
increase in water consumption in Harmancik county may
be shown to be the use of mains water for irrigation in ag-
riculture due to the depletion of groundwater. Though the
central tariff was considered for domiciles, the knowledge
that villagers use the central tariff to water their gardens
should be considered. This high increase in Harmancik
county had a slight effect on the increase in Bursa prov-
ince during the COVID-19 pandemic period. When we
exclude this high increase in Harmancik from our analy-
sis, general water consumption increment is still 19.62%

in Bursa. On the other hand, the county with lowest in-
crease was Iznik county with 8.26% increase. The reason
for this situation can be explained by the fact that the use
of artesian is quite high due to the suitable climate and
soil structure of the lake basin in the Iznik county [20].

The increases in water consumption for the three largest
counties in Bursa were as follows: Osmangazi 18.77%,
Yildirim 17.90% and Niliifer 14.55%.

Relationship Between COVID-19 and Water Usage
Information about the relationship between water con-
sumption increases and the COVID-19 pandemic was
revealed in studies performed in recent times [14, 18, 21,
22]. To investigate this relationship, the monthly mean
COVID-19 daily case numbers, estimated with a regres-
sion model based on certain assumptions, is shown in
dotted on the graph in Figure 3. As seen on the graph,
case numbers increasing from 11 March 2020 reached
their first peak in April. However, with tight quarantine
precautions case numbers began to fall in May. During
May, June and July, mean daily case numbers continued
at about 5000. However, a noticeable level of increase in
case numbers occurred in August. These increases con-
tinued until December. The new peak in COVID-19 cas-
es numbers experienced in November-December 2020
began a hard fall in January with the effect of rigid pre-
cautions. This fall continued in February. Later, with the
removal of a certain level of restrictions with the nor-
malization process on 1 March 2021, daily case numbers
again began to increase.

When water consumption in Bursa from May 2020 to
January 2021 is examined, there was an increase observed
in July and August. This increase may be partly explained
by seasonal effects, but it is possible to explain it with the
increasing COVID-19 case numbers. In order to under-
stand the association between water consumption in pan-
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Figure 3. Monthly mean case numbers and mean water
consumption.

demic period and the increase in case numbers, a cor-
relation test was performed in SPSS 23. The test results
found a p value of 0.077. One of the reasons for the large
p number is thought to be due to the low number of data
points. However, this does not change the reality that it
was significant at a=0.1. The Pearson correlation coefhi-
cient of -0.616 shows a negative correlation between wa-
ter consumption and case numbers in pandemic period.

The negative relationship in the Pearson correlation in-
dicates a reduction in water consumption with the in-
crease in case numbers. However, this reduction in water
consumption during the continuing pandemic definitely
does not mean that people did not abide by hygiene rules.
Another cause for this reduction in water consumption is
related to the water fill rate in reservoirs. Due to drought
in 2020, a significant reduction occurred in the water lev-
els in reservoirs [23].

The fill rates for two important reservoirs supplying
Bursa of Doganci and Niliifer are given in Figure 4. A
significant level of reduction occurred in the reservoirs
for September, October, November and December 2020.
Due to this reduction, written and oral media [24-26]
continuously attracted attention to the water levels in
reservoirs warning the public in news items about wa-
ter. In addition, there have been many water cuts were
experienced [27], these are considered to have affected
the reduction in water consumption. Despite the low
dam levels, mandatory restrictions remained to avoid in-
creased public stress during lockdown, although public
information campaigns on water conservation were care-
fully implemented [28].

Figure 4 shows that in spite of the low reduction in water
level in Doganc1 reservoir, the fill rate for Niliifer reser-
voir fell below 5%. As a result of interviews with BUSKI
management, there was not much difference in the fill
rate of Doganci reservoir due to the reduced amount of
water in Doganci being supplemented with water from
Niliifer reservoir. Additionally, nearly 85% of Bursa’s wa-
ter requirements were met by Doganci reservoir in 2018,
with this value being 80% in 2019 and 67% in 2020.

Figure 4. Fill rates for Doganci and Niliifer reservoirs.
DISCUSSION AND CONCLUSIONS

This study researched the changes in water consumption
behavior of households in Bursa before and during the
COVID-19 pandemic and the correlation between in-
creasing water consumption with COVID-19 and linked
change in water amounts in reservoirs. Due to the increase
in hand-washing frequency with attention paid to hygiene
rules during the COVID-19 period, increases in water con-
sumption are an expected result. A study by Sayeed et al.
[15] stated that a five-person family required 50-100 liters
of water per day to ensure hand hygiene and that there
would be 20-25% increases in water requirements during
the COVID-19 pandemic. When our study is compared
with this 20-25% increase, the 20.18% increase in water
consumption by residences in Bursa in general overlaps
exactly. Similarly, Cook and Makin [29] determined an in-
crease of 15-20% in domestic water consumption during
COVID-19 in the United Kingdom.

This 15-20% increment in residential consumption again in-
volves to the 20.18% percentage value for water consumption
in Bursa. On the other hand, when our study compare with
Liidtke et al. [18] Cooley et al. [19] studies, which has an in-
crease of 14% and 15% respectively, the increase in Bursa is
seen to be significant. Another study by Eastman et al. [21]
investigated the changes in water consumption and water
bills from 2017-2020 in five different water administrations
in different regions and with different sizes in the USA. They
published a report about the effect of COVID-19 on water
consumption. In this report there was not much change in
water consumption for residential water consumption com-
pared to previous years; however, one administration ob-
served a 14% increase compared to the average values for
April in the last three years. This 14% increase in residential
consumption is again below to the percentage value for water
consumption in Bursa. When every county in Bursa is con-
sidered separately, there was mean 14-18% increase in water
consumption in homes in Osmangazi, Niliiffer and Yildirim
counties where the industrial and corporate sectors are lo-
cated. Kalbusch et al. [17] found 11% increase in water con-
sumption in household in regions of Southern Brazil, where
industrial and corporate sectors are located, which is much
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below the value for Bursa. Li et al. [30] found 2.4% increase
in water consumption in regions of Californias 10 urban
centers, which is much below the value for Bursa. Another
study in which a low percentage increase was achieved was
that of Abulibdeh [31]. In this study, lockdown period in-
creased water consumption by 6% in 2020 compared to 2019.

When studies about the effect of COVID-19 on water con-
sumption are assessed in general, an increase in residen-
tial water consumption was observed, with a reduction in
non-residential water consumption [32]. The basic reason
for this is related to citizens spending more time at home
linked to the precautions taken by governments to prevent
the spread of COVID-19. Large reductions occurred in
consumption in non-residential, especially industrial, areas
linked to the reduction in production within the scope of
precautions taken in the world in general. Although there
was a large decrease in water consumption in the industrial
areas, the study conducted by Li et al. [30] found 1.4% in-
crease in water consumption in regions of California where
industry, industrial and corporate sectors are located.

The most important component of water usage behavior is
public awareness on issues related to water and drought. To
determine the relationship between public awareness and
water usage behavior, Quesnel and Ajami, [28] measured
California drought news media coverage from 2005 to 2015
and modeled single-family residential water consumption
in 20 service districts in the San Francisco Bay Area over
the same period. The results showed that single-family resi-
dential customers reduced their water use at the fastest rate
after heavy drought-related news media. As seen in Quesnel
and Ajami 's study, [28] this study confirms the relationship
between news media and water consumption.

The cause-effect relationship of ‘if I don't pay attention to
hand hygiene, I'll get sick’ between case numbers and wa-
ter consumption may be considered. To research whether
this relationship really existed, correlation analysis was
performed between case numbers and water consumption
data. The results of the analysis found a negative correlation
with acceptable alpha 0.1. However, a point which should
be noted here is that some of the case numbers were es-
timated numbers as a result of regression analysis. Addi-
tionally, an attempt was made to examine the relationship
using case numbers for Turkey in general as the Ministry
of Health did not share case number information for Bursa
province. The correlation between water consumption and
case numbers has not been considered to date and may of-
fer a new perspective to the literature.

ACKNOWLEDGMENTS

The authors are grateful to Abdullah Celik and Temel Kuzu
at (BUSKI) Bursa Water and Sewerage Administration for
providing access to water use and reservoir fill data.

DATA AVAILABILITY STATEMENT

The authors confirm that the data that supports the findings
of this study are available within the article. Raw data that
support the finding of this study are available from the cor-
responding author, upon reasonable request.

CONFLICT OF INTEREST

The authors declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of
this article.

ETHICS

There are no ethical issues with the publication of this man-
uscript.

REFERENCES

[1]  WeiY., Wang Z., Wang H., Yao T, & Li Y. Promot-
ing inclusive water governance and forecasting the
structure of water consumption based on composi-
tional data: a case study of Beijing. Science of Total
Environment, Vol. 634, pp. 407-416, 2018.

[2]  Wang Q., & Wang X. Moving to economic growth
without water demand growth -- a decomposition
analysis of decoupling from economic growth and
water use in 31 provinces of China. Science of Total
Environment, Vol. 726, Article 138362, 2020.

[3] Bates B., Kundzewicz Z., Shaohong W., & Palutikof
J. Climate Change and Water - IPCC technical paper
of the intergovernmental panel on climate change.
IPCC Secretariat, Geneva, 2008.

[4] Cooper R. (2020). Water security beyond Covid-19.
Helpdesk Report, Brighton, UK: Institute of Devel-
opment Studies. https://reliefweb.int/sites/reliefweb.
int/files/resources/803_Water_security_beyond_
C19.pdf

[5] WWAP(UNESCO World Water Assessment Pro-
gramme). (2019). “The United Nations World Wa-
ter Development Report 2019: Leaving No One Be-
hind,” Paris.

[6] Lau J. T. E, Griffiths S., Choi K. C., & Tsui H. Y.
(2009).Widespread public misconception in the ear-
ly phase of the HIN1 influenza epidemic. Journal of
Infection, Vol. 59, pp. 122-127.

[7]  WHO. (2018).WHO | Safer water, better health.
World Health Organization.

[8] Poch M., Garrido-Baserba M., Corominas L., Perel-
lo-Moragules A, Monclus H, Cermeron-Romero
M., Melitas N., Jiang S. C., Rosso D. (2020). When
the fourth water and digital revolution encountered
COVID-19. Science of Total Environment, Vol. 744,
Article 140980.

[9] Tortajada C. & Biswas A. K. (2020). COVID-19
heightens water problems around the world. Water
International, Vol. 45, pp. 441-442.



Environ Res Tec, Vol. 4, Issue. 4, pp. 391-397, December 2021

397

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

Brauer M., Zhao J. T, Bennitt E B., & Stanaway J.
D. Global access to handwashing: implications for
COVID-19 control in low-income countries. Envi-
ronmental Health Perspect, Vol. 128, Article 057005.
Balacco G., Totaro V., Iacobellis V., Manni A., Spag-
noletta M., & Piccinni A. E (2020). Influence of
COVID-19 spread on water drinking demand: the
case of Puglia region (Southern Italy). Sustainability,
Vol. 12, Article 5919.

Amegah A. K. (2020). Improving handwashing
habits and household air quality in Africa after
COVID-19. Lancet Global Health, Vol. 8, pp. e1110-
ellll.

Roshan R., Feroz A. S., Rafique Z., & Virani N.
(2020). Rigorous hand hygiene practices among
health care workers reduce hospital-associated in-
tections during the COVID-19 pandemic. Journal
of Primary Care Community Health, Vol. 11, Article
215013272094333.

Sayeed A., Rahman H., Bundschuh J., Herath I,
Ahmed E, Bhattacharya P, Tarig M.R., Rahman E,
Joy T.I., Abid M.T., & Hasan M.T. (2021). Hand-
washing with soap: a concern for overuse of water
amidst the COVID-19 pandemic in Bangladesh.
Groundwater for Sustainable Development, Vol. 13,
Article 100561.

Sayeed A., Kundu S., Al Banna M. H., & Hassan M.
N. (2020). COVID-19 outbreak: water loss during
handwashing, need more concern? Popular Medi-
cine, Vol. 2, pp. 1-2.

Campos M. A. S., Leao S., Melo S.K.,. Gongalves
G.B.ER, dos Santos J.R., Barros R.L., & Morgado
U.T.M.A. (2021). Impact of the COVID-19 pandem-
ic on water consumption behaviour. Water Supply,
Vol. 21, pp. 4058-4067,

Kalbusch A., Henning E., Brikalski M. P, de Luca E.
V., & Konrath A. C. (2020). Impact of coronavirus
(COVID-19) spread-prevention actions on urban
water consumption. Resources Conservation and Re-
cycling, Vol. 163, Article 105098.

Liidtke D. U.,, Luetkemeier R., Schneemann M., &
Liehr S. (2021). Increase in daily household water
demand during the first wave of the covid-19 pan-
demic in Germany. Water, Vol. 13, pp. 260.

Cooley H., Gleick P. H., Abraham S., & Cai W.
(2020). Issue brief pacific institute water and the
COVID-19 pandemic impacts on municipal water
demand. Pesquisa, Article 740056.

Basar H., Giirel S., & Katkat A. V. (2004). Contents
of heavy metals in the Lake Iznik basin soils irrigat-
ed with various water resources. Uludag Universitesi
Ziraat Fakiiltesi Dergisi, Vol. 18, pp. 93-104.
Eastman L., Smull E., Patterson L., & Doyle M.
(2020). COVID-19 Impacts on Water Utility

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

Consumption and Revenues preliminary results.
Raftelis. https://nicholasinstitute.duke.edu/sites/de-
fault/files/publications/COVID-19-Resources-Im-
pacts-on-Water-Utility-Consumption-and-Reve-
nues.pdf

Brauner J. M., Mindermann S., Sharma M., Johnston
D., Salvatier J, Gavenciak T, Stephonson A. B., Leech
G., Altman G., Mikulik V., Norman A. J., Monrad J.
T., Besiroglu T., & Ge H. “Inferring the effectiveness
of government interventions against COVID-19,
Science (80-.)., p. eabd9338, Dec. 2020.

Bursa Biiyiiksehir Belediyesi, “Barajlar doldu,
kuyular devre disi kaldy’ Basn Yaymn ve Halk-
la iliskiler Dairesi Baskanligi, 2021. https://www.
bursa.bel.tr/haber/barajlar-doldu-kuyular-devre-di-
si-kaldi-29949. Accessed on Dec 23, 2021.
DHA-AA-THA, “Tiirkiye'yi bekleyen biiyiik tehlike!
Giin gectikge diistiyor; Cnnturk.com. https://www.
cnnturk.com/turkiye/turkiyeyi-bekleyen-buyuk-teh-
like-gun-gectikce-dusuyor. Accessed on Dec 23, 2021.
Sahin S., & Ozdemir H. Bursada barajdaki dolu-
luk orani ylizde 5e dustii, tarihi koprii orta-
ya ¢iktr. Hurriyet, 2021. https://www.hurriyet.
com.tr/gundem/bursada-barajdaki-doluluk-ora-
ni-yuzde-5e-dustu-tarihi-kopru-ortaya-cik-
ti-41708744. Accessed on Dec 23, 2021.

Unli D. E. “Tiirkiye, 2021'de su kithg: yasayabilir,”
Diinya Gazetesi, 2020. https://www.dunya.com/
kose-yazisi/turkiye-2021de-su-kitligi-yasayabil-
ir/602645. Accessed on Dec 23, 2021.

Buski, “Bursa Su Kesintisi Listesi,” Giincel Kesintiler,
2021. https://guncelkesintiler.com/bursa/su-kesinti-
si/. Accessed on Dec 23, 2021.

Qusnel K. J., & Ajami N. K. (2021). Changes in water
consumption linked to heavy news media coverage
of extreme climatic events. Science Advances, Vol. 3,
Art.cle e1700784.

Cook J., & Makin L. Covid water use and the impact
on poverty in the UK. 2020. https://www.nea.org.
uk/publications/covid-water-use-and-the-impact-
on-poverty-in-the-uk/. Accessed on Dec 23, 2021.
Li D, Engel, R.A Ma X, Porse E., Kaplan J.D,,
Margulis S.A., & Lettenmaier D.P. (2021). Stay-at-
home orders during the COVID-19. Environmental
Science Technology Letters, Vol. 10, Article acs.es-
tlett.0c00979

Abulibdeh A. (2021). Spatiotemporal analysis of
water-electricity consumption in the context of the
COVID-19 pandemic across six socioeconomic sec-
tors in Doha City, Qatar. Applied Energy, Vol. 304,
Article 117864.

Memati M. (2020). COVID-19 and Urban Water
Consumption. ARE Update, University of California
Giannini Foundation, Vol. 24, pp. 9-11.



