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ABSTRACT Objective: To evaluate the relationship between water
use of countries and coronavirus disease-2019 (COVID-19) data in
order to establish the effect of water dynamics on COVID-19 pan-
demics. Material and Methods: The country-based water consump-
tion per capita (WC) and COVID-19 indices [total cases per 1 million
population (CI-C) and deaths per 1 million population (CI-D)] collected
from the Worldometer website and the Global Competitiveness Scores
from The Global Competitiveness Report 2019 of World Economic
Forum which was accessed at the day of May 30%, 2020. The relation-
ship between water consumption and COVID-19 incidences was eval-
uated with “machine learning” methods. The statistical analyses were
performed with the use of R software, version 4.0.0 (R Project for Sta-
tistical Computing). Results: For a total of 138 countries, we found a
positive correlation between WC and CI-C (R 0.13). For the first 20
developed countries, we found a negative correlation between WC and
CI-C and CI-D (R -0.18). The USA data is completely different from
other 19 analyzed countries. The correlation coefficient becomes -0.44
when the USA is excluded, compared to -0.18 for all 20 countries in-
cluding the USA. Conclusion: A negative relationship between water
consumption and COVID-19 incidences was found at least for a rela-
tively homogeneous group which is comprised of mainly developed
countries. Among the developed countries, USA exhibits different char-
acteristics. In contrast, when all 138 countries were analyzed, a positive
relation was found. The results can be used from various disciplines
since the water and its relations with micro-systems serve one of the
most important issues for our present time and future.
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OZET Amac: Bu ¢alismanin amacy, iilkelerin su tiiketimlerinin koro-
naviriis hastalig1-2019 [coronavirus disease-2019 (COVID-19)] sal-
ginlari tizerindeki etkisini belirlemek i¢in su kullanimi ile COVID-19
verileri arasindaki iliskiyi degerlendirmektir. Gere¢ ve Yontemler:
Worldometer web sitesinden, tilkelerdeki kisi bagina diisen su tiiketimi
[water consumption (WC)] ve COVID-19 indeksleri [1 milyon niifus
basina toplam vaka (COVID-19 indices-Case “CIl-C”) ve 1 milyon
niifus basma 6lim (COVID-19 indices-Death “CI-D”)] elde edildi.
Diinya Ekonomik Forumu'nun 2019 Kiiresel Rekabet Edebilirlik Ra-
poru'ndan Rekabet Edebilirlik Puanlar ile iilkelerin gelismislik du-
rumlar1 30 Mayis 2020 tarihli erisim sonucuna gore siralandi. Su
tiiketimi ile COVID-19 vakalar1 arasindaki iliski makine 6grenimi yon-
temleriyle degerlendirildi. Istatistik analiz igin R Software, version
4.0.0 (R Project for Statistical Computing) kullanildi. Bulgular: Top-
lam 138 iilke igin WC ve CI-C (R 0.13) arasinda pozitif bir korelasyon
bulundu. ilk 20 gelismis iilke i¢in, WC ile CI-C ve CI-D (R -0.18) ara-
sinda negatif bir korelasyon bulundu. ABD verileri, incelenen diger 19
iilkeden tamamen farkli idi. Korelasyon katsayisi, ABD hari¢ tutuldu-
gunda -0.44 olurken, ABD dahil edildiginde ise 20 iilke i¢in -0.18 ola-
rak bulundu. Sonug¢: Gelismis tilkeler iginde -ABD farkli 6zellikler
sergilemektedir- homojen bir sekilde su tiiketimi ile COVID-19 vaka-
lar1 arasinda negatif bir iliski vardir. Buna ragmen 138 iilkenin tamam
incelendiginde su tiiketimi ile COVID-19 vakalari arasindaki iliski po-
zitiftir. Su ve mikro ¢evre iliskileri giiniimiiz ve gelecegimiz i¢in en
6nemli konulardan biri olarak birgok farkl: disiplin i¢inde kullanilmaya
ve arastirilmaya degerdir.

Anahtar Kelimeler: Su; koronaviriis; pandemiler;
sosyoekonomik biiyiime;
makine 6grenimi metodu

Water in terms of quality and quantity previously
demonstrated to be the cause of endemic diseases.'
For the current coronavirus disease-2019 (COVID-

19) pandemic, access to water is an essential issue in
order to provide hygiene and sanitation.” The
COVID-19 pandemic may be considered as one of
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the biggest exemplifying experiences due to testing
the ability of relatively unknown microorganisms and
their multidimensional interaction with our planets
macromolecular system. The interaction of a novel
virus with human cells as well as the whole body it-
self, organization of health services, consumption of
natural resources like water during this pandemic
give valuable data regardless of time for humanities
future. In order to shed light on the subject matter, we
planned to investigate the relationship between the
water use of countries and COVID-19 data to estab-
lish the effect of water dynamics on COVID-19 in-
dices.

I MATERIAL AND METHODS
DATA SOURCES

We obtained the country-based water consumption
and COVID-19 data from the Worldometer website,
and the global competitiveness scores (GCS) from
“The Global Competitiveness Report 2019” of World
Economic Forum.** Countries which have a data in
both data sources were included for the analysis.
Countries with missing data in website or countries
which were not ranked in The Global Competitive-
ness Report 2019 were excluded.

VARIABLES ASSESSED

From the Worldometer website, we obtained the fol-
lowing data elements for each country on the day of
May 30, 2020: daily water consumption per capita
(liters) (WC); total cases per 1 million population
(COVID-19 indices-Case, CI-C); and deaths per 1
million population (COVID-19 indices-Death, CI-
D). The ranking of countries was done with the
GCS. The overall performance of a country is re-
ported as progress scores on a 0 to 100 scale. A
score of 100 represents the “frontier”, i.e. an ideal
state.

STATISTICAL ANALYSIS

The statistical analyses were performed with the use
of R software, version 4.0.0 (R Project for Statistical
Computing). We calculated Pearson correlation coef-
ficients as a preliminary analysis to explore if there is
any relationship between WC and COVID-19 inci-
dences. We used the GCS to obtain a homogeneous
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group of countries that are presumed to suffer less
from data collection problems.

The WC, CI-C, and CI-D were scaled and stan-
dardized to have zero mean and unit standard devia-
tion. First, a distance matrix was generated to provide
a visual depiction of the similarities and dissimilari-
ties between countries. Then, the results of the K-
means cluster analysis were presented as a two-
dimensional plot of the first two principal compo-
nents and pairwise charting of the original variables;
i.e., WC vs. CI-C and CI-D, respectively.

K-means cluster analysis was employed to group
similar countries together in terms of WC, CI-C, and
CI-D. Hartigan-Wong algorithm, which defines the
total within-cluster variation as the sum of squared
Euclidean distances between items and the corre-
sponding centroid, has been used.’ The optimal num-
ber of clusters was obtained by using the average
silhouette method.

In order to perform a formal cluster analysis to
explore if there is any significant pattern among this
group of countries, we have used k-means cluster
analysis. K-means is a popular unsupervised machine
learning algorithm in order to group similar data
points into clusters and discover underlying patterns.®
The algorithm pinpoints centroids, i.e., the imaginary
or real locations representing the centers of the clus-
ters. Then, every data point is allocated to the nearest
cluster. There are various distance metrics that can be
used with the algorithm, such as the Euclidean, Man-
hattan, Chebyshev, and Minkowski distances. The
Euclidean distance is usually the default and the most
common distance metric. To determine the optimal
number of clusters, various methods, such as the
elbow method and the average silhouette method, can
be used.” We prefer to use the average silhouette
method since it provides an objective estimate for de-
termining the optimal number of clusters. The aver-
age silhouette approach measures the quality of a
clustering by determining how well each lies within
its cluster object. Higher average silhouette widths
correspond to better clustering. The method computes
the average silhouette of observations for different
values of k. The optimal number of clusters is the
value of k that maximizes the average silhouette.
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I RESULTS

In total 138 countries have comparable data from
both data sources and analyzed. In order to under-
stand if there is a relationship between WC and
COVID-19 incidences, first, Pearson correlation co-
efficients have been calculated for all the countries in
our sample, i.e. a total of 138 countries. The correla-
tion coefficient between WC and CI-C is calculated
as 0.13. When we substitute CI-C with CI-D, the cor-
relation coefficient goes down to 0.02. These figures
point to a low positive correlation between water con-
sumption and COVID-19 incidences for evaluated
138 countries.

Considering that the reported figures are partic-
ularly problematic for developing and underdevel-
oped countries, we have decided to limit our study to
a relatively more homogeneous group, i.e. the top 20
countries in terms of the GCS. For these countries,
the correlation coefficients between WC and CI-
C/CI-D were calculated as -0.18. The USA dynam-
ics were completely different from other 19
developed countries. When the USA was excluded

from the first 20 countries analysis; correlation coef-
ficient becomes more evident and goes to -0.44. This
suggests a negative relationship between water con-
sumption and COVID-19 incidences, at least for a
relatively homogeneous group which is comprised of
mainly developed countries.

Figure 1 shows a graphical representation of the
distance matrix of countries calculated from WC, CI-
C, and CI-D. If the color of a box is green (smaller
distance), it means that the corresponding two coun-
tries are similar. A red box, on the other hand, is an in-
dication of greater distance and dissimilarity. The
USA stands as an outlier since the distance between
the USA and any another country on the list is always
greater than the overall average (red boxes). The
Netherlands seems to be another outlier, having only
slight resemblances to France and Germany.

The average silhouette method shows that using
8 clusters is the optimal choice (Figure 2). Since we
have three variables, representation with a single two-
dimensional plot is only possible if we use principal
components. In total 82.3% of the total variation in

Israel-
Germany-
Denmark-

Switzerland-
Taiwan-

Hong Kong-
Luxembourg-
Singapour-
New Zealand-
Finland-
Canada-
South Korea-
Japan-
Australia-
Norway-
France-
Sweden-
United Kingdom-
Netherlands-
United States-

FIGURE 1: Distance matrix calculated from country-based water consumption per capita, COVID-19 total cases per 1 million population and COVID-19 total deaths per 1

million population.
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FIGURE 2: The results of the average silhouette method for k-means clustering of
the countries in terms of daily water consumption per capita, total cases per 1 mil-
lion, and deaths per 1 million (average silhouette width for determining optimal
number of clusters).

variables can be explained by the first two principal
components. Another observation is that the USA and
the Netherlands comprise clusters on their own (Fig-
ure 3). This is in line with our visual observation from
the distance matrix in Figure 1. For further analysis,
we need plots between original variables to interpret
the results. Figures 4 and 5 depict WC versus CI-C
and CI-D, respectively.

The USA comprises a cluster on its own. Figure
4 and 5 shows that the highest WC is in the USA. De-
spite its high WC, the USA also ranks high in terms
of CI-C. This is contrary to our previous finding,
i.e. the slightly negative correlation observed be-
tween WC and CI-C. This result suggests that the
aforementioned correlation is probably stronger if
the USA is excluded from the sample. Indeed, the
correlation coefficient becomes -0.44 when the
USA is excluded, compared to -0.18 for all 20
countries including the USA.

Figure 5 shows that CI-D is also high in the
USA, but not as high as CI-C. In fact, CI-C and CI-
D in the USA are roughly 1.5 and 1 standard devia-
tions above the mean, respectively. Canada, Finland,
and New Zealand comprise another cluster. The
above average WC in these countries is accompanied
by below average CI-C and CI-D. Norway, Australia,
South Korea and Japan are clustered together. These
countries have slightly above average WC whereas
their CI-C and CI-D are below average. Another
country that comprises a cluster on its own is the
Netherlands. WC for this country is around the mean.
On the other hand, there is an interesting result when
the other variables pertaining to COVID-19 are ex-

Cluster plot

Dim2 (32%)

Dim1 (50.3%)

FIGURE 3: K-means cluster plot with two principal components.
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FIGURE 4: The country-based water consumption per capita (liters) and COVID-19 total cases per 1 million population comparison.
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FIGURE 5: The country-based water consumption per capita (liters) and COVID-19 total deaths per 1 million population comparison.

amined. While CI-C is roughly 1 standard deviation
below the mean, CI-D, on the other hand, is roughly
1 standard deviation above the mean. The relatively
high death toll in the Netherlands suggested by our
results has already made the headlines.®

Taiwan and Hong Kong comprise another clus-
ter. Despite their below average WC, their CI-C and
CI-D are also below average. Although the measures
implemented against COVID-19 in these countries
can be deemed to be rather intrusive and somewhat
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excessive when compared to Western countries, these
measures seem to have paid off.”!°

Singapore and Luxembourg are clustered to-
gether. Although these countries rank very high in
terms of global competitiveness score, their popula-
tions, particularly the population of Luxembourg, are
much lower compared to other countries. Therefore,
their results may not be meaningful for comparison.
Germany is clustered with Denmark, Switzerland,
and Israel. The WC in these countries is slightly
below the mean, whereas their CI-C and CI-D are
around the mean levels. Finally, the United Kingdom,
France, and Sweden are clustered together with their
below average WC and above average total cases and
CI-D.

I DISCUSSION

For a total of 138 countries, we found a positive cor-
relation between WC and CI-C (R 0.13). For the
first 20 developed countries, we found a negative
correlation between WC and CI-C and CI-D (R -
0.18). The USA data is completely different from
other 19 analyzed counties. The correlation coeffi-
cient becomes -0.44 when the USA is excluded,
compared to -0.18 for all 20 countries including the
USA.

Water is the single most important requirement
for developing advanced civilizations. It’s impact on
life is beyond being a source, instead it lies behind
the governance of systems and serves as a key be-
tween the community and the ecosystem. Among all
multidimensional impact on life two points are the
most important. The intake of water for bodily com-
position and health and the need of water for sanita-
tion. The water use per capita data may be a sign for
availability of both which will be basis for how na-
tions provide and use water. The effect on commu-
nity’s water consumption on their susceptibility to
infectious diseases is a hardly complicated point for
evaluation. However, COVID-19 pandemic may be
amodel to work on. To understand the interaction be-
tween water consumption and infectious diseases, we
designed this study which is resulted in interesting
findings.
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The data for the opposite correlation between
water consumption for the first 20 developed coun-
tries needs an emphasis. The water that used in de-
veloped countries were mostly for industrial and
settlement purposes. Besides most of these countries
have water regulation strategies and attempts were
given to limit the use of water and protect the re-
sources. However according to our correlation limit-
ing water use increases the pandemic effected case
number which will mean that an undefined minimum
level of water consumption per capita needed for pre-
venting societies immunity. This means that con-
suming less water always not necessarily to mean a
healthy community. This observation is also sup-
ported from the USA water consumption data. The
USA is the different one and USA itself is clustered
in a different cluster from machine based learning
system. The USA water consumption data is high;
like its data on COVID-19 related disease and deaths.
In opposite saying using high amounts of water does
not mean that it is good for community’s health and
the high consumption does not necessarily mean bet-
ter immunity and better sanitation. As outlined pre-
viously a minimum set of water consumption data
may require.

When the GCS decrease the correlation closed
to 0 point and in the result of 138 counties the corre-
lation becomes different as COVID-19 seems to be
increased with consumption. Our explanation for this
finding is different since the global competitiveness
score decrease the water sanitation and supply issues
within the countries started to decrease and the re-
porting of infected cases from health systems and
governments more likely to be under the desired lev-
els. This means that we need to improve the acquisi-
tion of big data from all over to world and has a long
way for a uniformed world that we can offer all world
citizens similar services and similar conditions. In
other way of view; the first 20 developed countries
and other 127 countries have completely different
characteristics which means that they cannot be put in
the same box and compared.

On the other hand, the data for COVID-19 is im-
perfect and incomplete, particularly for developing
and underdeveloped countries. Most developing
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countries suffer from an acute lack of COVID-19
testing capacity, and they either collect low-quality
data or do not record deaths at all (Figure 1).!! Fur-
thermore, death tolls are occasionally revised in many
countries, which dispute the reliability of reported

figures.'>!

It is obvious that the susceptibility to pandemic
cannot be explained from single data. However this
view can be a basis for evaluating complex mecha-
nisms of our evolution. There are lot of factors re-
lated to susceptibility to infection starting from
genetic predisposition to local regulation rules.

Although these results point to a negative corre-
lation between the variables, there may also be other
factors in play. Initially, Britain signaled that it would
pursue a mitigation approach to allow the virus to cir-
culate more widely and begin to create “herd immu-
nity.” Later, a mathematical simulation performed by
the epidemiologist Neil Ferguson and his COVID-19
Response Team at Imperial College London, the gov-
ernment ultimately went with a full lockdown, an all-
in attempt to suppress the spread of the virus as much
as possible.'* Sweden, on the other hand, maintained
polices geared toward attaining herd immunity. Swe-
den’s policy and the ambivalent stance of the British
government, particularly at the onset of the pandemic,
might have exacerbated the frequency of COVID-19
incidences.

The limitation is although there may be a rela-
tionship between water consumption and COVID-19
incidences and deaths, one should not overlook the
other factors that may be in play. The level of re-
strictions and preventive measures, population den-
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sity, and demographic factors may all have an impact
on the spread and mortality of the disease. It should
also be noted that the WC may not be an accurate in-
dicator in terms of bodily water intake and/or per-
sonal hygiene. Industrial use of water, cultural
differences pertaining to showering habits, and the
availability of sufficient water and its impact on water
usage and saving practices may all contribute to the
discrepancies among usage statistics for different
countries.

I CONCLUSION

Our results indicate a direct relationship between
water consumption and COVID-19 indices for the an-
alyzed 138 countries. When the first 20 developed
countries are taken into consideration, the relation be-
comes inverse. The USA acts differently from the
first 19 developed countries for water consumption
and COVID-19 indices data.
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