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Abstract

The proposed work is a study that attempts to evaluate the financial impacts of pandemic mitigation strategies in order to be part
of a central model that forecasts different scenarios in pandemic situations considering the impact of mitigation procedures in the
Economic System and Healthcare System. Economic fluctuations impose a more significant challenge on prediction models, and
pandemic modeling methodologies are primarily concerned with the variability of epidemic features, the efficiency of control
measures over time, and the development of different viral variants. In this context, this paper correlates economic indicators with
quantitative parameters of the last three respiratory virus pandemics, specifically the GDP and the unemployment rates, with a
sample encompassing three European countries, the United Kingdom (UK), France, and Germany, that pass through the pandemics
under study. The results provide intriguing information, such as the moderated and weak correlation factor between deaths with
GDP in the Spanish flu and Swine flu, and the WWI and the 2009 crises can explain which. On the other hand, the correlation
factors associated with COVID-19 show a weak to moderate correlation parameter with GDP and unemployment rates but present
interesting numbers when the number of people fully vaccinated is compared with GDP. Also, as the correlation factor does not
presente a strong relation between daily deaths and GDP, this indicates a necessity for comparison with other economic parameters.
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1. Introduction

As is known by the history of the world, pandemics or outbreaks directly impact the economic system of entire
regions or even several countries, changing not only the living standards but also the socioeconomic indicators [1]—
[3]. Until the COVID-19 pandemic, the Spanish flu (Influenza A HINT), 1918-1920, also named the Great Influenza,
was the worst pandemic the world faced. Afterward, epidemics occurred during the 20th century, such as Asian flu
(Influenza A H2N2), Hong Kong Flu (Influenza A H3N2) [4]-[6], and 21st century like SARS (Sars-Cov), Swine flu
pandemic (Influenza A HIN1 pdm09), and the last COVID-19 (Sars-Cov-2) [7]-[11].

Image excluded.

The main goal of this paper is to contribute to an additional analysis of a research line developed since 2020 during
the COVID-19 pandemic. The papers around this theme provide a forecasting time series of coronavirus numbers, one
using cumulative numbers [12], another which compares the daily numbers of cases, deaths, and Intensive Care Unit
(ICU) patients compared with mitigation procedures, such the mandatory use of face masks and the vaccination
campaign [13]. The last one verifies the accuracy of the model developed by [13] with new variants of the virus, more
specifically the Omicron, and tests a reduced dataset in order to compare the ability of the artificial neural network to
be trained with data only from the last year [14].

This work has analyzed the correlation of the last three pandemic numbers with economic parameters, specifically,
the Gross Domestic Product (GPD) and the Unemployment rate of the United Kingdom (UK), France, and Germany.
The choice of the dataset was based on the information publicly available that characterizes the pandemics with almost
the same parameters. The pandemic-related limitations on economic activity, including lockdowns, temporary
closures, and international tourists, caused a supply shock and supply chain disruption. Additionally, negative
economic expectations forced consumers to reduce their spending because their earnings would continue to decline in
the future [1].

Macroeconomic statistics are crucial for both governmental and private-sector decision-making [15]. The rising
association between credit and business cycles needs a thorough understanding of the mechanisms driving bank loan
growth and its consequences and relevance to actual economic activity [16]. Domestic credit cycles have traditionally
been strongly related to global economic trends and capital flows. However, in recent years, governments have begun
to employ macroprudential guidelines and credit support measures to influence banks' lending to minimize financial
stability risks or boost economic activity during downturns [17], [18].

Many countries' economic development has decreased due to reduced employment, rising production costs, higher
transitory inflation, and lower social consumption. Several governments' consequent severe lockdown measures to
safeguard vulnerable populations led to the economic slowdown [19]. During the last pandemic, COVID-19 has
aggravated the world economy. Disease outbreaks, industrial disruptions, and, most recently, inflation have all made
policymaking exceedingly challenging [20]-[22]. The COVID-19 pandemic pushed governments in several nations
to establish various measures to limit travel and slow the spread of the coronavirus. These policies have directly
influenced the Economy's growth, both regionally and worldwide. This pandemic undermines attempts to continue
and accelerate economic development. One of the repercussions is that many of the population lost their job or
earnings source, decreasing their own and their family's income [23], [24].

In addition to economic effects, the coronavirus pandemic has had a detrimental impact on many other areas,
including the labor market. The crisis is fueled by a considerable number of deaths and verified cases, as well as
unprecedented containment efforts adopted by national governments to keep the coronavirus from proliferating. As a
result, some businesses have been temporarily shut down, and numerous workers have been restricted to their homes.
The loss of hospitality, tourist industry, and private education jobs was largely offset by growth in business and
technology services, retail commerce, and construction. According to Eurostat data, the Eurozone's seasonally
adjusted unemployment rate declined to 8.3% in November 2020 [25].

Following this introduction, the work is divided into a section materials and methods, which describes the build of
the database, considering the outbreaks’ numbers from different sources and the economics parameters per quarter (by
trimester), considering the Eurostat data and UK available data. The results section analyzed the correlation of the
parameters in order to verify the correlation of different parameters over time in each country's Economy. Lastly, a
conclusion is shown in section four.
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2. Material and Methods
2.1 Data collection and processing

As presented in the introduction section, the dataset for this paper was based on European countries and the

economic impact of respiratory pandemics on each one of them. It is important to highlight that some data were
estimated based on percentages of mortality provided by the Centers for Disease Control and Prevention (CDC) and
organized by [26].
The case of the report of mortality of Spanish Flu, published in a News Paper at the time (already in the Public
Domain), provided weekly data from the three capitals and a big city, London, Paris, Berlin, and New York, as seen
in Fig. 1A. Moreover, it is important to remember that World War First (WWI) was happening during the same period,
being declared concluded on November 11th of 1918, which probably influenced the number of deaths presented by
the curve, even with a clear wave of infection. One important topic is that as New York is not in this study, the curve
was not analyzed and reproduced by the data collected from the graphic.
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Fig. 1. (A) - Report of weekly death numbers until March 1919. (B) Replot of week deaths numbers of Spanish Flu

The data collection was done by analyzing the graphic, considering the scale of the plot, and the same periods of

death reports (weekly). To review the degree of similarity collected by the published graphic, the curves were replotted
with the same proposed normalization in the original and can be visualized in Fig. 1B.
In the case of the Swine flu (2009-2011) and COVID-19, the data were collected from reports provided by the website
OurWorldInData [27]. However, since the website is a 2011 project, some data from the Influenza A HIN1 pmd09,
like the weekly deaths, must be estimated based on the Centers for Disease Control and Prevention (CDC) numbers,
more specifically multiplying the number of deaths for the mortality rate presented by CDC. The following images
show this number for the Swine Flu (Fig. 2A.) and COVID-19 (Fig. 2B.).
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Fig. 2. Cases and deaths per week: (A) - Swine flu; (B) - COVID-19
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Economic variables such as GDP and unemployment rates were collected by the Eurostat website for France and
Germany and from ‘The Guardian’ and the International Monetary Fund [28] to the UK to begin the analysis of
economic parameters. These variables were chosen in order to analyze macroeconomic parameters considered
essential to the human development indicators of the countries. These parameters were analyzed in the results section
by quarter; nevertheless, for Spanish flu, the comparative numbers used in GDP were the annual GDP in 1917 and
1920 to verify the economic cost of the pandemic, but without forgetting the war period.

2.2 Linear Correlation

Measures of causality between variables are ordinal or continuous, not nominal. The linear correlation
coefficient is the most often used parameter. For pairs of values (x;,y;),i = 1, ..., N, the linear correlation coefficient
r, also known as a sometimes product-moment correlation coefficient, or Pearson's 7, is given by Equation 1:

e % =)y —y)
\/Zi(xi —X)? \/Zi()’i - y)?

(M

where, as usual, X Is the mean of the x;’s, ¥ Is the mean of the y;’s.

The value of r fluctuates between —1 and 1. It takes on a value of 1, named “complete positive correlation,” when the
data points lie on a straight line with a positive slope, with x and y increasing together. In a negative slope, when y
decreases as x increases, then r has the value —1; this is called a “complete negative correlation.”. A value of r near
zero indicates that the variables x and y are uncorrelated [29]. Moreover, the coefficient of correlation 2 by definition
is a metric that determines the degree of coherence of a linear association between the two parameters in a correlation
study.

2.3 State of the art

Some researchers have already suggested analyzing the impact of respiratory virus pandemics on macroeconomic
parameters. Some examples are Hysa, et. Al, based in 22 European countries and the 3 first quarters of 2020,
having a result that in emergencies, governments must launch appropriate efforts to restore the trust of socially
responsible overseas investors during tough times caused by black swan events [30]. Moreover, Péter Halmai
presents an analysis that identifies the effects of the COVID-19 crisis on growth, particularly the potential for
expansion in the European Union (EU), as part of a larger economic analysis. This paper's quantitative study
focuses on the financial and economic Great Recession of 2008 and 2009, its recovery, and COVID-19 [31]. Also,
Andrej Privara studied the link between infections and mortality rates of COVID-19 is not the best variable for
economic growth and labor market indicators. On the other hand, it presented that an increase in the number of
new cases significantly negatively impacts the Economy, considering only European Union countries [32].

3. Results

The selection of countries, such as the UK, France, and Germany, that comprise the database considers the data
from the last three respiratory pandemics. The following sub-sections will present analyses of the correlation between
the Cumulative deaths and GDP to the Spanish flu and Influenza A HIN1pdm09 and a deeper analysis of GDP and
Unemployment rates to COVID-19.

3.1 Spanish Flu Pandemic

In the case of the Great Pandemic, due to the limited availability of economic data, a linear decrease in GDP
from 1917 to 1920 was assumed to correlate the number of deaths with economic performance. Despite the simplicity
of this estimation, it was not feasible to analyze quarterly fluctuations, and collecting data from specific years, such
as 1918, proved challenging. It is important to note that all the countries analyzed participated in World War I (WWI),
which influences the GDP even more than a pandemic. In



542 Kathleen Carvalho et al. / Procedia Computer Science 256 (2025) 538-546

Table 1, it is noted that there is a low correlation factor between the daily deaths and GDP. However, this
probably is related to the end of the war.

Table 1. Correlation factor 1918-1919 — Daily deaths x GDP

Correlation factor (R?) Deaths x GDP 1918 - 1919

United Kingdom 0,1613
France 0,1922
Germany 0.0797

Table 1 shows a low correlation between deaths per thousand and the variation in the GDP per billion.
Meanwhile, it is important to highlight the regression of the GDP values made by the data from the years between
1917 and 1920. As all data are associated with a period, it is essential to highlight that the distance of each period in
the table of Spanish Flu is associated with a day with the distance of a week. This period is related to the same period
presented in Figure 2. It is known that the variation of GDP is not linear; however, with the reduced data available,
this estimation was necessary to analyze the data. Another important topic to refer to is WWI, which happened in the
same period and also interfered directly with the GDP of a country.

3.2 Swine Flu Pandemic

The 2008-2009 economic crisis had a significant and long-term impact on Europe's growth performance and
prospects. The recovery from the double-dip recession was gradual and differentiated. Some EU Member States (MSs)
have experienced chronic growth issues for years. In this scenario, it is important to notice that the pandemic numbers
may contribute to the volatility of the GDP, but not being the only parameter, as presented in Table 2.

Table 2. Correlation factor 2009-2011 — Deaths X GDP

Correlation factor (R?) Deaths x GDP 2009 - 2011

United Kingdom 0,0031
France 0,00001
Germany 0.0797

Comparing the correlation factor of Swine flu with the Spanish flu, it is possible to see a difference in the
parameters. The factor was smaller in the 2009 pandemic and classified as a shallow relation factor and not a stochastic
regression. Moreover, the way to analyze the GDP is not more considering an estimated linear behavior, but now the
real GDP per quarter as the period of cases and deaths were very similar, because of the estimations requested and
because of the standardization of the parameters in order to compare with the previous pandemic, only the correlation
between deaths and GDP was presented.

In addition, the linear values in the timeline are associated with the real GDP of each quarter of the range of
years analyzed. Compared with the correlation present in the Spanish flu section, it is a decrease in the factors since
the values of GDP were not linearly estimated in the Swine flu analysis and considered variations by quarter, not per
week.

3.3 COVID-19 Pandemic

In the case of the last pandemic caused by the virus Sars-Cov-2, it was possible to collect more data by more
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straight sources since the outbreak was very controlled by daily numbers provided by several websites, but the chosen
one for this work was also QurWorldInData. Also, more than the correlation between deaths and GDP in Table 3,it
was possible to analyze the variation between the deaths and GDP per quarter and verify the impact of the pandemic
on the unemployment rates. Moreover, Figure 3 shows the variation of the GDP compared to daily deaths and the
GDP per quarter in UK. It is interesting to see the variation in the values of GDP rigth after the first wave of the
pandemic.

Table 3. Correlation factor

United Kingdom 0,0006

Correlation factor (R?) Deaths x GDP France 0.0063
2020-2022 '

Germany 0.3611

United Kingdom 0,2337

Correlation factor (R?) — Deaths x France 0.1361
Unemployment rate (%) 2020 - 2022 ’

Germany 0.0435

Comparative relation daily deaths x GDP - UK

2.0000

600 . 1.0000
b —cntsatnibillll

Fig. 3. Correlation —Daily deaths x GDP — 2020-2022

The previous Table 3 presented a correlation between weak depending on the country under analysis. The
variations in the number of deaths among the countries can be explained by the distinct mitigation procedures dates,
considering the mandatory use of masks, school closures, lockdowns, and the strength of the vaccination campaign.
Furthermore, it is clear that in the case of the UK, the regression is almost independent, resulting in a low correlation
coefficient; on the other hand, in France and Germany, it comes out as a low linear correlation. These graphics, like
the Swine flu, consider the value of GDP per quarter, which the dots can notice plotted horizontally. Also, in this
analysis, deaths were a weak factor in the unemployment rate, as presented in the following Table 3, which presents
an independence of the parameter under analysis. On the other hand, when the parameter under analysis is the total of
people fully vaccinated and GDP, the linear correlation shows better results, with the coefficients in the range of
moderate to strong correlation (Table 5), which presents a stochastic regression function

Table 4. Fully vaccinations x GDP

Correlation factor (R*) Fully vaccinations x GDP
2020 - 2022
United Kingdom 0,3375

France 0,3934
Germany 0,6672
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4. Discussion

Experts from the International Monetary Fund *emphasize that the COVID-19 pandemic greatly influenced
the global Economy. Many nations' Gross Domestic Product (GDP) saw record reductions due to the cessation of
economic activity, with tourism, air travel, and entertainment industries most heavily impacted. Unemployment rates
surged worldwide, indicating a severe drop in demand for products and services and economic instability, which
forced many enterprises to restructure or close. Other economic factors, such as inflation, displayed a variety of
behaviors; in some situations, lower demand contributed to lower prices, while in others, supply chain interruptions
produced temporary price increases. To counteract these consequences, governments and central banks launched
emergency fiscal and monetary measures that provided economic stimulation and direct help to individuals and
companies.

In this work, the main parameter analyzed is GDP, which shows that consumer spending is an important factor in
GDP growth. As the population's consumption rises, firms must invest to match the expanding demand and raise
profits. The cycle of increased consumption and corporate investment results in an increase in GDP. Nevertheless, as
presented in the results section, the GDP was directly affected by the pandemic, at least not directly, such as wars and
economic crises, Spanish and Swine flu, respectively.

5. Conclusion

This work investigated the linear correlation between the quantitative parameters of three pandemics and
economic parameters to verify the regression among these baselines. The values were analyzed in the historical
context, considering reservations about the war, crises, and other factors. From this paper, it is possible to analyze the
waves of mortality of each pandemic for the UK, France, and Germany, and especially the correlation of cumulative
deaths with GDP, as the analyses of Spanish flu and Swine flu present a weak and a moderate value for linear
correlation factor, respectively.

On the other hand, in the COVID-19 analysis, the graphics show a weak correlation between cumulative
deaths and GDP and unemployment rates. However, a moderate relation was noticed between the number of people
fully vaccinated in each country and GDP.

It was possible to observe that the GDP is not so directly affected by a pandemic, specifically compared with
deaths, even in case of war happening simultaneously (Spanish Flu). However, the Unemployment rate does not
correlate strongly with daily deaths. On the other hand, the GDP is also moderately correlated with the number of
people fully vaccinated.

In conclusion, while the known causes of unemployment and economic paralysis caused by the COVID-19
pandemic have been significant, this has not been reflected in GDP, possibly due to measures implemented by local
and community governments, such as lowering interest rates, providing subsidies and aid to the population, and
extending financial repayment periods. Thus, future research will need to examine additional economic indicators that
may demonstrate the pandemic's impact on the Economy.
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