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5.1 Introduction

In December 2019, a new severe respiratory coronavirus infection was detected for the first
time in Wuhan, capital of Hubei Chinese province [1–3,17]. Initially, most cases were found
around the Huanan Seafood Wholesale Market in Jianghan District, where live animals are
also traded [4]. However, in the space of a month and a half, COVID-19 spread to all Chi-
nese provinces and the rest of the world. On 17 March 2020, the World Health Organization
(WHO) officially declared COVID-19 as a pandemic caused by an epidemic. The disease is
an RNA virus belonging to the Coronaviridae family and of the order Nidovirales, known
as SARS-COV-2 [5,6], and the main symptoms of the infection include viral pneumonia,
fever, dry cough, fatigue, pain, nasal congestion, respiratory problems or even a variety of
nonspecific symptoms [7,1,8,9]. The infection is sufficiently severe, with an estimated mor-
tality rate in the order of 1% [10–13], meaning that the virus has become a priority public
health problem, given the expected scale of the pandemic due to the absence of preexisting
immunity. According to dashboard reports provided by COVID-19 Dashboard by the Cen-
ter for Systems Science and Engineering (CSSE) of John Hopkins University (JHU), until
11 January, the number of reported infected cases, the number of documented deaths and the
number of documented recoveries reached almost 90.435.754; 1.938.004; and 50.118.270,
respectively, worldwide [14]. In most countries, the epidemic is taken seriously from the first
day, with appropriate public health measures being implemented, including nonpharmaceu-
tical interventions. Out of 185 countries, the United States of America (22.429.685 cases),
India (10.466.595 cases), Brazil (8.105.790 cases), Russia (3.389.733 cases), United King-
dom (3.081.368 cases), France (2.840.864 cases), Turkey (2.326.256 cases), Italy (2.276.491
cases), Spain (2.050.360 cases), Germany (1.938.668 cases), Colombia (1.786.900 cases),
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Argentina (1.722.217 cases), Mexico (1.534.039 cases), Poland (1.390.385 cases), Iran
(1.292.614 cases), South Africa (1.231.597 cases), Ukraine (1.154.850 cases), and Peru
(1.033.648 cases) face worse epidemic situations, with almost 77.5% of the total number of
cases. The first country to introduce the quarantine strategy was China in Wuhan on 23 Jan-
uary 2020. At present, China has 96.882 confirmed cases with the number of documented
deaths and recovered being 4.792 and 90.751, respectively. The same strategy was also ap-
plied by other countries, i.e., the implementation of the national lockdown to limit the trans-
mission of the disease, as did, for example, France on 17 March, Spain on 13 March, the UK
on 23 March and even India on 25 March. For the third time this century, the zoonotic hu-
man coronavirus has spread. Previous to this, in 2002, the severe acute respiratory syndrome
coronavirus (SARS-CoV) spread to 37 countries and in 2012, the Middle East respiratory syn-
drome coronavirus (MERS-CoV) also circulated to 27 countries. In Spain, the disease was
first detected on 31 January 2020, when a German tourist tested positive for SARS-CoV-2 in
La Gomera, Canary Islands. Subsequent post-hoc genetic analysis suggested that at least 15
different strains of the virus had been imported, and community transmission initiated in mid-
February. By 13 March, cases had been confirmed in all 50 provinces of the country. Accord-
ing to the Centro de Coordinación de Alertas y Emergencias Sanitarias (CCAES), in Spain,
there are a total of 2,024,904 confirmed cases, 150,376 recovered, and 51,675 deaths reported
in the country up to 8 January 2021 [15]. Spanish government, adopted a 15-day state of na-
tional alert on 13 March, which will take effect the day after its approval by the Council of
Ministers. The nationwide lockdown due to the state of alert became effective on 15 March.
All residents were obliged to remain in their normal residence, except for the purchase of ba-
sic necessities. The lockdown restrictions also required the temporary closure of nonessential
shops and businesses, including bars, restaurants, cafes, cinemas, and retail activities, while
announcing that the government will be able to take over private healthcare providers if nec-
essary. The announcement followed a significant increase in the number of confirmed cases
of COVID-19 in Spain, which rose from 3146 to 5232 cases on 13 March 2020, an increase
of 66%. On 22 March, the Spanish Government decided to submit a petition to regional lead-
erships to extend the state of alert in the country until 11 April. The Government announced
on 28 April a plan to alleviate the lockdown restrictions. The plan included four phases, num-
bered 0 to 3, and each of phases 1 to 3 should last at least two weeks. The state of alert ceased
at midnight on Sunday 21 June, and Spain moved into a new normal phase, in which restric-
tions such as maximum occupancy in shops are managed independently. In this work, we
pretend to analyze the influence of weather conditions in the transmission of COVID-19 in
Galicia. Precisely, we examine the correlation between weather conditions considering tem-
perature and humidity and epidemiological variables such as active cases, recovered, and
deceased. The structure of the following document is as follows: Section 5.2 contains the de-
scription of the concept of fuzzy sets. Section 5.3 illustrates the results obtained by applying
the methodology described to the Santiago de Compostela-Barbanza health area. A short con-
clusion is given in the last section.
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5.2 Fuzzy sets

A fuzzy set is a set that may contain elements in a partial way, that is, the property that an ele-
ment x belongs to a set A may be true with a partial degree of truth. This degree of belonging
is measured with a real number μA(x) and takes values in [0,1]. A natural extension of these
sets, made in [16], includes the measurement of the degree of nonmembership of an element
by another function νA(x) so that it is always verified 0 ≤ μA(x) + νA(x) ≤ 1. Using these
two functions, the degree of uncertainty of an element can also be defined by a third function
πA(x) = 1 − (

μA(x) + νA(x)
)
. Using these measures, Borah et al. [18] calculate the corre-

lation coefficient between two fuzzy variables as the average of the correlation coefficients
between the degrees of membership, nonmembership and uncertainty of the climatological
and epidemiological variables:

r(A,B) = 1

3

(
r1(A,B) + r2(A,B) + r3(A,B)

)

where A and B are two intuitionistic fuzzy soft sets (IFSS) and r1(A,B), r2(A,B), and
r3(A,B) are the correlation coefficients for the degrees of membership, nonmembership, and
uncertainty, respectively, of the climatological and epidemiological variables.

5.3 Results

The idea was to study the correlation between the variables by applying such methodology
to several municipalities instead of health areas or regions in order to obtain a reliable cor-
relation between the climatological and epidemiological variables. However, the data by
municipality are not available for consultation and/or downloading by the population and we
were only able to collect data on active cases, deaths, and recovered cases in the health area
of Santiago during the whole month of September by consulting many sources. In the rest of
the health areas we only have the data of active cases and, in some cases, of deaths. Concern-
ing the meteorological data, we used the Meteo Galicia database. Specifically, we made use
of the maximum, average, and minimum temperature and humidity measurements for the 7
sanitary areas, taking the most important city as a reference (for example, for the health area
of Santiago de Compostela – Barbanza we took the data from Santiago de Compostela, for the
health area of Coruña – Cee we took the data from A Coruña). Once the data collection was
finished and contrasting between the different sources to ensure their reliability, we decided
to study the influence of the meteorological variables considering the epidemiological data of
the health area of Santiago de Compostela – Barbanza. This health area is made up of the 46
municipalities shown in Fig. 5.1 and has approximately 450,000 inhabitants (2014).
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Figure 5.1: Town councils included in the Health Area of Santiago de Compostela – Barbanza.

In order to apply the methodology described above, we have considered the data of maximum,
average, and minimum temperature and humidity in the city of Santiago de Compostela dur-
ing the month of September (see Table 5.1). We have allocated the degrees of membership,
nonmembership, and uncertainty, respectively, to the maximum, minimum, and average value
of the climatological variables and to the number of active, recovered, and dead cases of the
epidemiological variables. Our results indicate that the only variable with significant correla-
tion is humidity. Specifically, maximum humidity has a positive correlation with the number
of active and deceased cases and a negative correlation with the number of recovered cases.
This correlation indicates that an increase in humidity leads to an increase in active and de-
ceased cases and a decrease in recoveries. In all cases, the absolute value of the correlation is
approximately 0.6 which is quite significative.

Fig. 5.2 shows the maximum, average, and minimum temperature as a function of date with
superimposed the number of active cases for Santiago de Compostela from the start of the
pandemic to October 2020. Likewise, Fig. 5.3 presents the maximum (dashed red line), aver-
age (dashed orange line), and minimum (dashed blue line) humidity as a function of date with
superimposed the number of active cases (solid black line) for Santiago de Compostela from
the start of the pandemic to October 2020.
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Table 5.1: Data available for the health area of Santiago de Compostela-Barbanza for the
period 1 September to 10 September 2020.

Date Temperature (°C) Humidity (%) Epidemiological
Maximum Average Minimum Maximum Average Minimum Active Recovered Deceased

01/09/2020 22.9 17.1 12.2 96.0 77.0 50.0 607 1927 98

02/09/2020 24.6 17.6 12.2 93.0 77.0 54.0 644 1933 99

03/09/2020 31.7 21.8 13.5 94.0 69.0 31.0 659 1963 99

04/09/2020 28.8 21.7 15.9 91.0 68.0 20.0 673 1993 99

05/09/2020 22.6 18.7 16.5 92.0 79.0 61.0 677 2023 99

06/09/2020 23.1 18.0 14.2 84.0 69.0 52.0 688 2066 99

07/09/2020 24.6 18.3 13.6 83.0 66.0 44.0 688 2098 100

08/09/2020 27.8 20.0 13.5 83.0 62.0 34.0 662 2153 100

09/09/2020 30.3 21.4 14.4 86.0 63.0 26.0 659 2207 101

10/09/2020 29.4 21.3 14.1 87.0 67.0 36.0 658 2276 101

Figure 5.2: Maximum (dashed red line), average (dashed orange line), and minimum (dashed
blue line) temperature in function of date with superimposed number of active cases (solid black

line) for Santiago de Compostela from the beginning of the pandemic to October 2020.

Following the algorithm presented in [18], we collected the data in tabular form. As described
above, we have assigned degrees of membership, nonmembership, and uncertainty, respec-
tively, to the maximum, mean, and minimum values of the climatological variables and to the
number of active, recovered and deceased cases of the epidemiological variables.

Following the same algorithm, we converted the data into decimal form (see Table 5.2). By
making a correlation between meteorological and epidemiological data we obtain the follow-
ing results (see Table 5.3).
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Figure 5.3: Maximum (dashed red line), average (dashed orange line), and minimum (dashed
blue line) humidity in function of date with superimposed number of active cases (solid black

line) for Santiago de Compostela from the beginning of the pandemic to October 2020.

Table 5.2: Data available for the Santiago de Compostela health area for the period 1
September to 10 September 2020 in decimal form.

Date Temperature (°C) Humidity (%) Epidemiological
Maximum Average Minimum Maximum Average Minimum Active Recovered Deceased

01/09/2020 0.4387 0.3276 0.2337 0.4305 0.3453 0.2242 0.2306 0.7321 0.0372

02/09/2020 0.4522 0.3235 0.2243 0.4152 0.3438 0.2411 0.2407 0.7223 0.0370

03/09/2020 0.4731 0.3254 0.2015 0.4845 0.3557 0.1598 0.2422 0.7214 0.0364

04/09/2020 0.4337 0.3268 0.2395 0.5084 0.3799 0.1117 0.2434 0.7208 0.0358

05/09/2020 0.3910 0.3235 0.2855 0.3966 0.3405 0.2629 0.2419 0.7228 0.0354

06/09/2020 0.4177 0.3255 0.2568 0.4098 0.3366 0.2537 0.2411 0.7242 0.0347

07/09/2020 0.4354 0.3239 0.2407 0.4301 0.3420 0.2280 0.2384 0.7270 0.0347

08/09/2020 0.4535 0.3263 0.2202 0.4637 0.3464 0.1899 0.2271 0.7386 0.0343

09/09/2020 0.4584 0.3238 0.2179 0.4914 0.3600 0.1486 0.2221 0.7438 0.0340

10/09/2020 0.4537 0.3287 0.2176 0.4579 0.3526 0.1895 0.2168 0.7499 0.0333

Table 5.3: Correlation matrix between weather and epidemiological
variables.

Active Recovered Deceased

Temperature (maximum) 0.2148720 −0.2179535 0.2423024

Temperature (average) −0.2353762 0.2273507 −0.1370719

Temperature (minimum) −0.1532617 0.1586790 −0.2090688

Humidity (maximum) 0.6207839 −0.6198863 0.5897007

Humidity (average) 0.1479555 −0.1468946 0.1310120

Humidity (minimum) −0.5753772 0.5743762 −0.5446649
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5.4 Conclusions

In December 2019, Coronavirus or Covid-19 was first detected in China, but currently has
spread worldwide in the form of a pandemic. Current situation reports reveal that almost
89 million people are infected with the virus worldwide. Although governments and doc-
tors in each country are trying to provide protective measures for people, the infection rate
is still quite high, as the right antidote for this virus is still unknown, although the vaccina-
tion campaign has recently begun. The United States has the most confirmed cases with the
number 21.870.427, based on data up to 9 January 2021 provided by the dashboard of CSSE
at John Hopkins University. Official reports indicate that in the US a total of almost 368,908
people have died, the highest number among 185 countries or religions. In Spain, according
to CCSAE reports, there are 2,050,360 confirmed cases, 51,874 deaths, and 150,376 recov-
ered cases are reported up to 9 January 2021. Taking this pandemic situation into account, in
this paper we have studied the influence that climatic conditions can have on the evolution of
COVID-19 in Galicia. In order to study this influence, we have followed the line of work pro-
posed in [18]. The aim of this work, which is still in the process, is to study the relationship
that may exist between climatic conditions (temperature and humidity) and certain epidemio-
logical variables (number of active cases, recovered cases, and deaths) in the five regions most
affected by COVID-19 in India. Specifically, the authors employ a generalization of the Pear-
son coefficient, r , applied to a diffuse set (fuzzy sets), originally proposed in [19]. This may
be of particular interest in regions with high humidity such as Galicia, however, these results
have been obtained by comparing the climatological data of the city of Santiago with its entire
health area so there may be some variation from the actual correlation.
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