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Abstract

The coronavirus pandemic is causing a huge impact around the world. lIts real magnitude
presents very important regional differences, which are appreciable in the number of infected
and victims in the different countries. The outbreak of the pandemic and the ignorance of the
virus mean that, even today, there are many unknowns about essential aspects related to it. In this
sense, geographic knowledge can help answer many questions from the territorial analysis of the
data. The objective of this article will be to analyze the behavior of the coronavirus pandemic
within the Spanish region of Galicia. The authors of this study propose a multiscale analysis that
allows deciphering the most common propagation patterns. For this, we have high spatial

resolution data that has been provided by the competent authority under confidentiality. The
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results of this work allow us to represent and interpret the territorial impact of the pandemic,

understanding its behavior as far as possible, allowing future dynamics to be predicted.

Key words: spatial analysis; Geographic Information System (GIS); mapping.

Resumen

La pandemia de coronavirus estd causando un gran impacto en todo el mundo. Su magnitud real
presenta diferencias regionales muy importantes, que son apreciables en el nimero de
infectados y victimas en los diferentes paises. El estallido de la pandemia y el desconocimiento
del virus hacen que, aln hoy, existan muchas incégnitas sobre aspectos esenciales relacionados
con el mismo. En este sentido, el conocimiento geografico puede ayudar a responder muchas
preguntas a partir del andlisis territorial de los datos. El objetivo de este articulo sera analizar el
comportamiento de la pandemia de coronavirus dentro de la regién espafiola de Galicia. Los
autores de este estudio proponen un anélisis multiescala que permite descifrar los patrones de
propagaciéon mas comunes. Para ello, contamos con datos de alta resolucién espacial que han
sido facilitados por la autoridad competente bajo confidencialidad. Los resultados de este trabajo
permiten representar e interpretar el impacto territorial de la pandemia, entendiendo en la

medida de lo posible su comportamiento, permitiendo predecir dindmicas futuras.

Palabras clave: andlisis espacial; Sistema de Informacién Geogréfica (SIG); cartografia.

1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic is an ongoing crisis caused by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The first outbreak was detected in
December 2019 in Wuhan, the capital of Hubei province, quickly followed by the rest of Hubei
and all other provinces in China. In mainland China, the epidemic was largely controlled by the
end of March 2020, having generated more than 80,000 cases (Chang et al., 2020; NHC,
2020; Wang et al., 2020, WHO, 2020a; The Novel Coronavirus Pneumonia Emergency
Response Epidemiology Team, 2020).

Despite unprecedented national control measures, COVID-19 was not fully contained, and the
disease spread to other countries. On January 31, 2020, the epidemic was recognized by the
World Health Organization (WHO) as a public health emergency of international concern, and
on March 11, 2020, the WHO declared the outbreak as a pandemic (WHO, 2020b). By the end
of March 2020, the global death toll had exceeded 36,200, and infections rose to more than
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755,500 (BBC News, 2020). The effects of the COVID-19 pandemic have rapidly spread far
beyond the health sector, encompassing the entire global economic and social fabric (Lenzen et

al., 2020).

The coronavirus pandemic started hitting Europe hard, especially ltaly and Spain which had more
than 100,000 and 86,000 coronavirus cases respectively on March 30. In Spain, the first case
was confirmed in the Canary Islands on January 31 (an English tourist), and at the end of
February, multiple cases of coronavirus related to the COVID-19 outbreak in Italy were confirmed.
The virus spread rapidly throughout the Spanish territory. On March 14, all Spanish provinces
had already registered cases, at which time the Government of Spain declared a state of national

alarm (The Lancet Public Health, 2020).

This national blockade of the population to combat the coronavirus consisted of the closure of all
commercial establishments (clothing, appliances, efc.) and services (restaurants, cafeterias, etc.)
except pharmacies and essential stores (food). The Spanish authorities further tightened the
blockade by instructing non-essential workers to stay home and extending the blockade until mid-
April. Those infected with the pandemic slowed down, but it was only temporarily and continued

to grow, by waves.

But unlike other European countries, Spain has the peculiarity that each of its 177 Autonomous
Communities has the competences in terms of health (among others, such as education). For this
reason, despite considering a series of measures at the level of the whole of Spain, each
Autonomous Community “readapted” them to their needs and made certain decisions under

their autonomous criteria. So with different results (Figure 1).

Therefore, the heterogeneity of the territorial behavior of the pandemic that has originated and is
currently maintained in Spain is wide. Reason why, as those responsible for investigating on the
behaviour of COVID-19 in Galicia, we consider it important to present and offer the methodology

and results obtained from one of its parts, for other areas of Spain, Europe, and the world.

For example, within the diversity of internal restrictions within Spain, the governments of Madrid,
La Rioja and the Basque Country prohibited all facetoface teaching in their autonomous
communities three days after the state of alarm. The local outbreaks forced the government of
Catalonia to quarantine four Catalan municipalities before the state of alarm, on March 12, etc. In
addition, the very idiosyncrasy of the Spanish has influenced, how could it be otherwise, in the
spread of a COVID-19 pandemic where its spread is focused on connectivity and human

relations.
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Figure 1. Incidence of COVID-19 in Spain during the first wave
(data updated on June 14, 2020)

- PAIS VASCO /\—‘5’
ASTURIAS . NAVARRA R

* GALICIA
LA RIOJA

Number of cases

726171
ST s 600000

S— 400000
200000

% deaths per 100,000

Luptoso CASTILLAY ;

[ s0- 120 LEGN ARAGON

I 121 - 250 .
COMUNIDAD

MADRID

. More than 250

VALENCIANA ISLAS BALEARESQ

CASTILLA
LA MANCHA

EXTREMADURA

MURCIA

ANDALUCIA

ISLAS CANARﬁ

Y
< ©©7© -ﬂ

Source: authors’ own elaboration from data

1 _®

from National Epidemiology Center, Carlos Ill Health Institute (2020)

Well, the reality is that COVID-19 does not behave the same in all territories. Mainly for 2
reasons: the way of managing it was not the same and the characteristics of the territory are
different (demographic and economic structure, customs, etc.). Therefore, we consider that
through a spatial analysis with Geographic Information Systems (GIS) with health data, it will
provide us with light on the influence of COVID-19 in Galicia.

We created some maps that were put at the service of the competent authorities in the
management of the pandemic so that they could use them as they saw fit. Being a real example
of the significance, that a exact mapping can have (Carballada & Balsa-Barreiro, 2021; Trias-

Llimés et al., 2020; Rosenkrantz et al., 2021).

With a clear objective, the structure of the article is defined by a brief description of the
relationship of Health Geography and GIS with the territorial study of pandemics throughout
history. Next, an exhibition of the methodology and material used for the development of this
article is made, where one of its greatest potentialities is found, such as the use of a wide and

detailed database on those infected by COVID-19 with the maximum detail. As well as its
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dumping within a GIS. Next, we present some cartographic results where we show the territorial

behavior that this pandemic has had in Galicia.

2 Health geography literature and GIS

COVID-19 requires an analysis that takes an interdisciplinary approach, and geography is one of
the few disciplines that can offer a synthetic approach to the interaction between the environment
and man by approaching the territory from a holistic perspective (Schnaiberg & Gould, 1994;
Turner, 2002). Other disciplines define the natural, historical, economic, and social
characteristics, but geography places them in a spatial perspective analysing the territory

(Pattison, 1964).

The COVID-19 pandemic is full of unknowns, and many of them have a spatial dimension that
leads to understanding the phenomenon as geographic and with the potential to be mapped.
Thus, from the health sciences, to interpret the COVID-19 phenomenon, they affect the need to
know its spatial and temporal analysis, its geographical impact on decision-making and predict
the evolution of the disease. For these reasons, the use of geospatial tools and statistics has
gained special relevance with the declaration of COVID-19 as a global pandemic. It can also be a
useful resource in understanding the geographic consequences and effectiveness of disease

confainment.

Before the arrival of COVID-19, there are many studies focused on the analysis of the territorial
behaviour of infectious diseases that existed in the past. In a large part, this research was carried
out from the Geography of Health. Medical geography specializes in the application of
concepts, methods, and quantitative techniques to address spatial problems in diseases and
medicine (Meade, 2014). Within this, the geography of health focuses on concepts and
geographical categories in the population related to health. According to Kearns and Moon
(2002), the geography of health has a predominantly utilitarian perspective based on the analysis

of the ferritory.

The first works of the Geography of Health, with a structure like the current studies, date from the
beginning of the 20th century. These focused on the spread of diseases at different territorial
scales. Over the decades, this was integrating aspects related to demographic, social, economic,
and environmental variables (Gesler & Kearns, 2002; Graham, 2000; Wilkinson, 1996). Thus,
his field of interest was broadened to issues related to inequalities, use and access to services or

health policies. The current consensus establishes as the main objectives of the Geography of
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Health, to evaluate aspects such as the result of health policies, the organization of services in the
health of the populations and in the development of the territory (Santana, 2005). As well as that,
through GIS, it is possible to develop indicators to evaluate the spread of diseases, allowing to

identify transmission dynamics (Xiong et al., 2020).

In 1694 the first maps on pest containment were developed in ltaly (Koch, 2005). The value of
the maps as an analysis tool to understand and follow the territorial behaviour of infectious
diseases became normalized. John Snow’s study from the mid-nineteenth century was considered
one of the most relevant, about the importance of the spatial component on identifying the origin
and spread of cholera in London, mapping water sources (Bynum, 2013). Through basic
carfography and geographic analysis, it was observed how the focus of the infection came from

confaminated water sources.

The importance of cartography within the geography of health has been increasing from the GIS.
These systems have magnified the possibilities of visualization, analysis, and detection of disease
patterns (Lyseen et al., 2014). An innovative cartography, derived from GIS, now acquires a
central role in all disciplines from the analysis of the phenomena that occur in the territory (Cicald

& Valentino, 2019).

The incorporation of massive data allows defining more accurate and reliable epidemiological
models, being essential to have geospatial data that refer to spatial data sets that exceed the
capacity of current computer systems (Lee and Kang, 2015). Having information with cell phone
data that allows inferring mobility patterns in real time (Chen et al., 2020a; Chen et al., 2020b;
Buckee et al., 2020).

In the case of COVID-19, the disease is characterized by a long incubation period, high
infectivity, and difficult detection, which has contributed to the rapid outbreak and development
of the epidemic. This situation has led to the development of GIS and big data technology to
allow rapid responses and analysis, rapid provision of information on the dynamics of the
epidemic and an understanding of the rules of its development to provide support to competent

administrations to manage the pandemic (Zhou et al., 2020).

The very evolution of the tools for territorial analysis and the monitoring of infectious diseases led
to an increase in the number of studies using GIS. As the works on dengue by Messina et al.
(2014) who analysed the global spread of dengue from 1943 to 2013, explained for the most
part by the increase in urbanization rates and international travel. As well as Cattarino et al.

(2020) who developed a high-resolution global map of the intensity of dengue transmission by
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fitting geospatial models based on the environment. Another example is found in 2015, cases of
the Zika virus broke out in Brazil, and the instances grew rapidly to epidemic levels in many
countries. The evolution of the Zika virus was also analyzed and it was a virus transmitted by

mosquitoes that caused problems in the fetuses of pregnant women (Rodriguez-Morales, 2017).

The maps are not only used to visualize the infection, but also to make decisions regarding
measures for the containment of diseases. De Kadt et al. (2020) and Gibson and Rush (2020)
analysed the challenges of establishing health control measures in developing countries where
there are entire neighbourhoods in exireme poverty. Kuupiel et al. (2020) analysed the
accessibility of the population to malaria tests in Ghana. To do this, they evaluated aspects related
to the human and physical factors of the territory, created through territorial analysis, a

classification of the areas with better or worse access to services.

Today, there is a consensus to affirm that one of the most important properties of epidemics is
their spatial spread (Gross et al., 2020). We can use GIS and spatial statistics to answer this, and
to help mitigate the epidemic through scientific information, find spatial correlations with other

variables, and identify transmission dynamics (Xiong et al., 2020).

A fundamental aspect for the study of spatial patterns of diseases is the scale and level of data
aggregation. These first geographic analysis also mapped and used GIS, information at more
precise administrative levels (counties, provinces, etc.), something that was to be replicated in
other countries such as the United States (Dong et al., 2020; Desjardins et al., 2020), Iran (Arab-
Mazar et al., 2020), South Korea (Rezaei et al., 2020), Brazil (Dagnino et al., 2020), Israel
(Rossman et al., 2020), ltaly (Giuliani et al., 2020), Spain (Orea & Alvarez, 2020), Argentina
(Buzai, 2020), Mexico (Santana Judrez, 2020), India (Saha et al., 2020) and Pakistan (Sarwar et
al., 2020).

In Spain, a month after the declaration of national emergency and mandatory confinement, Orea
& Alvarez (2020) analysed by provinces the effectiveness of the COVID-19 mitigation measures
decreed by the government. Also at the provincial level, but in ltaly, Giuliani et al. (2020)
modelled the spatialtemporal dynamics of the contagion and the victims of COVID-19. As in
Spain, the local distribution is very heterogeneous. There is strong evidence that strict control
measures implemented in some provinces effectively break infection cycles and limit spread to

nearby areas.

We also want to emphasize that, in addition to knowing how to use a GIS and, most importantly,

knowing how to read the maps that are made, data processing is essential. On the other hand,
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web map viewers are playing a very important role in disseminating and providing information
about COVID-19. The most referenced viewer, the one with the most international information
collected and the first to connect is from John Hopkins University (Dong et al., 2020). In addition,
many created their own viewers based on Dong et al. (2020), following its web design and the
online platform ArcGIS and its cartographic bases. But these virtual servers are only the
beginning of how location technologies and GIS can support the fight against infectious diseases
such as COVID-19 (Boulos & Geraghty, 2020). The analytical potential of GIS comes when used
as a tool that collects, explores, visualizes and analysis health data in a territorial way and
reproduces cartographically (Messina et al., 2016; Smith et al., 2004; Pigot et al., 2014; Deka &
Morshed, 2018; Dudley, 2008).

Currently, there are already several reviews on COVID-19, such as the one by Tobaiqy et al.
(2020) where they discussed the different therapies used in patients with COVID-19, while Pham
et al., 2020 discussed the use of artificial intelligence and big data to study and mitigate the
effects of the virus. From the perspective of Geography, they are not abundant, but there are
cases such as Ivan Franch-Pardo et al. (2020), where different works that deal with the
geographical phenomena of COVID-19 were reviewed that should inspire new reflections in

readers and help connect themes and tools.

Guan et al. (2020) carried out a spatial analysis of the COVID-19 by using GIS tools. For that,
they extracted data from COVID-19 patients confirmed by Chinese hospitals until January 29,
2020 and proceeded to characterize the patient’s profile: mean age, sex, symptoms, and their
spatialtemporal characteristics, that is, identification of the rapid spread of the disease in
mainland China, distribution of patients by province, characteristics between Wuhan residents
and non-Wuhan residents who visited the city or had contact with citizens there. The work is
important because the early date of its publication (February 28) allowed to define with greater
precision the clinical characteristics of the affected patients. Also in China, at approximately the
same time, we found other studies focused on the analysis of spatialtemporal models (Chen et
al., 2020b; Huang et al, 2020; Gross et al., 2020; Zhang et al., 2020; Tang et al., 2020; Su et
al., 2020).

Zhou et al. (2020) note that GIS has played a key role in rapidly aggregating big data from
multiple sources, rapidly visualizing epidemic information, spatially tracking confirmed cases,

predicting regional transmission, spatially segregating epidemic risk and level of disease,
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prevention, balance and manage the supply and demand of material resources and social

orientation.

3 Material and methodology

This study helped inform the debate on the management response to a pandemic. Specifically,
developing a fterritorial analysis methodology to identify the geographic behavior of the

pandemic in Galicia.

We focus on the first wave, which is unadulterated, verified and highly detailed data after a
confidentiality signature. We analyze and map fine-grained health data associated with COVID-19
in this region. Our data contains individual and precise information on each infected person,
including their physical address. These data allow a very precise and detailed estimate of the
actual spread of the virus in this territory. This information was provided to understand the spatial
dynamics and impact of the pandemic, to predict its future behaviour and be able to anticipate

always adapting the appropriate decisions.

In fact, our maps were used as a fundamental tool to control the pandemic and evaluate
subsequent measurements, allowing us to identify spatial patterns of the virus. For this, we
develop various strategies for displaying and mapping the data. A series of aspects of interest

are raised, including multiscale analysis, data aggregation or the responsible use of data.

The way in which the information is represented should serve as the basis for the integration of
multidisciplinary work teams, not only doctors but also from other disciplines, which for the most
part have no experience in cartographic visualization. The review, analysis and interpretation of

these maps should serve for making informed decisions by policymakers and authorities.

This data set contains information related to all the individual cases reported during the first wave
of the pandemic, which ranges from March 1 to July 15, 2020. This information was officially
transmitted to us by the Galician Health Service (SERGAS), the health authority of this region.

This dataset, initially 11,070 records, includes data related to each patient, such as main data,
place of residence and physical address, and some relevant time data that allow checking a
complete follow-up of the disease for each reported case (i.e. admission / death at home /
hospital). Knowing that most of the mobility was restricted during the confinement, the tracking of
cases and outbreaks may be limited in a spatialtemporal way because the health authorities

recorded dates related to the first symptoms and the results of the tests. The official address of
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each reported case allows us to obtain a very precise graph of the real spatial behavior of the

Vvirus.

The raw dataset was initially checked for inconsistencies. The dataset was prepared and cleaned
by removing duplicates. We also remove all false positives, as well as all cases with no addresses
that are impossible to locate. In summary, 581 records were deleted. After that, we standardize
the formats for the rest of the records. All the study and cartographic representations are carried
out with ESRI technology (ArcGIS Pro and ArcGIS Online). The different extensions provided by
the software allowed us to make representations by quartiles, densities and maps of mobility
flows. They are not very sophisticated cartographic representations, but they are no less
significant and key to approaching the territorial behavior that the pandemic has had in Galicia.
Finally, a complete dataset consisting of 10,583 records was correctly geolocated on a map. This

geographic dataset is the basis for the mapping work presented in the results section.

4 Case study

The Galicia region is located in the northwest of Spain. lis surface covers 29,575 km? and has
more than 2.7 million inhabitants. Its population density is 91.4 inhabitants per square Kilometre,
only two points lower than the average in Spain. Administratively, the region is divided into 313
municipalities distributed in 4 provinces (Figure 1a). The two provinces located further to the west
concentrate most of the population, reaching average densities above 140.9 in A Corufia and

209.7 inhabitants per square Kilometre in Pontevedra (INE, 2021)

Increasing levels of urbanization occurred from 1960 to 1980 and rural depopulation has
contributed to a spatial concentration in some areas of this region. Today, most of the population,
economic activity and political power are concentrated in a very small number of cities (Lois-
Gonzélez, 2004). The most important ones are found along the Atlantic Axis, which is drawn by
the high-capacity highway (AP-9) from north to south of the region. This axis connects the cities of
Ferrol, A Corufia, Santiago, Pontevedra and Vigo within this region. The most important cities are
Vigo and A Corufia, with about 300,000 inhabitants each. Outside this axis, we find two cities:
Lugo and Ourense. These concentrate most of the economic activity in their respective provinces

and both have about 100,000 people (Figure 2).
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Figure 2. Location of Galicia in Spain and its territorial distribution
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Note: The region of Galicia within Spain. The four background colours correspond to the four provinces labelled
with their respective codes: CO (A Corufia), LU (Lugo), OU (Ourense) and PO (Pontevedra). We also represent the

main road networks, i.e. motorways (red lines) and railways (yellow lines).

Source: authors’ own elaboration

This region presents a dual population pattern. On the one hand, the most important cities
concentrate around 80% of the population and 75% of the regional GDP (Pazos Otén, 2003),
while a vast territory is rural and currently declining populations. This general pattern is evident at
the provincial level, where the two western provinces present significant economic diversity and
account for most of the population. This same demographic duality faces a very dynamic
coastline with a depressed interior. Although the reality continues to be more complex, some

exceptions arise in certain coastal sectors such as the case of A Costa da Morte, where the
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population dynamics are clearly regressive during the last decades (Balsa-Barreiro, 2013; Balsa-

Barreiro & Landsperger, 2015).

This territorial structure determines the mobility patterns. On a regional scale, displacement flows
to major cities and surrounding areas predominate. Internally, a significant number of head cities
make up most of the non-urban territory. Most mobility flows in these predominantly rural areas
cover greater distances compared to urban areas (Balsa-Barreiro, Morales & Lois-Gonzélez,

2021).

5 The COVID-19 pandemic in Galicia

This section is subdivided into three subsections. In the first (5.7) the relative incidence of the first
wave in Galicia is contextualized. In the second (5.2) the most important territorial patterns related
to the virus are analyzed. Finally (5.3) the evolution of mobility during the first months of the

pandemic is represented.
5.1 Contextualization

The first case of COVID-19 in Spain was reported on January 31, 2020 in La Gomera, in the
Canary archipelago. A few days later, on February 9, a second positive was detected in Palma
de Mallorca. The first cases reported on the peninsula were registered in the last week of
February in Madrid, Catalonia, the Basque Country, and Valencia. All these cases were initially
imported from other countries, although community transmission within the country was already
evident in early March. At the time the national authorities declared confinement (March 14,
2020), Spain had 6,332 cases and 193 deaths. The confinement decreed by the central
government lasted 49 days, which were followed by a period of 40 days in which the restrictions
were progressively eliminated until the end of the first wave, at the end of June. The balance of
this first wave was, as of June 21, 246,504 cases and 28,313 deaths nationwide, although the
real data was predictably much higher. According to the data published by the Daily Mortality
Monitoring System (MoMo, 2020), the actual number of deaths from COVID-19 could be one
third higher than those reported (Romero, 2020). The results of the first national seroprevalence
study estimated that only 5% of Spaniards had been infected with the virus during the first wave
(Pollén et al., 2020), although showing great geographic variability, with a higher prevalence
being observed in the surrounding environment. Madrid (> 10%) and much less in coastal areas

(<3%).
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In the case of Galicia, the first official positive for COVID-19 was reported on March 4 and
corresponded to a case imported from Madrid. Between the moment this case is notified, and
the confinement decree implemented by the central government, only ten days elapse in which
the virus circulates freely. Most of the cases reported during this period correspond mainly to
imported cases from primary sources of infection and cases of community transmission within

family circles, in addition to dependent personnel.

Figure 3. Incidence of COVID-19 in (a) Spain and (b) Galicia during the first wave
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Source: authors’ own elaboration from data

from National Epidemiology Center, Carlos Ill Health Institute (2020)
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In Galicia, the first wave left a total balance of 10,489 cases and 619 deaths. The seroprevalence
study carried out during the first wave estimated that only 1.15% of the population had been
infected, being in fact one of the least affected regions of Spain (Pollén et al., 2020).
Comparatively, the fatality in Galicia was much lower than in the rest of Spain. As of June 30,
2020, Galicia concentrated 4.2% of cases and 2.2% of deaths nationwide, a percentage
considerably lower than its demographic weight (5.7%). The accumulated number of cases per
100,000 inhabitants was 388.2, while that of deaths was 22.9. The fatality rate was 5.9 deaths
per 100 reported cases. A comparative analysis between the incidence of the virus in Galicia

and Spain is shown in Figure 3.
5.2 Territorial analysis

Most of the COVID-19 cases were concentrated in the more urban Galicia. One in two cases was
registered in one of the seven main cities. Most were concentrated along the Atlantic Axis, which
links five of the seven main cities. In fact, 36.9% of the cases were concentrated in these five
cities alone. Outside this axis, the municipality of Ourense concentrated almost 10% of all cases,
which in some way confirms the existence on the territory of a second axis of spread of the virus.
Regarding urban municipalities, Lugo and Ferrol were the least affected with only 3.4% and 2%
of the cases respectively (Figure 4a). A clearer view of the spread patterns of the virus can be
seen in the heat map in Figure 4b). It clearly shows a high incidence axis (N-S) in the
westernmost sector of the region, and a secondary axis with a SE-NW direction, with less
continuity, which would link the urban region of Ourense with the Atlantic Axis. In general, the

western and southern sectors of the region show incidence patterns much higher than the rest.

The aggregation of data by municipalities allows a clearer vision of the real incidence. Figure 5
shows how the incidence is concentrated in the most important cities, but also in a series of
adjacent municipalities. These municipalities concentrate most of the industrial and logistics
activity of the cities and a very important part of the residential land for many citizens who go
daily to work in the nearest cities. These are areas with great economic diversity and high levels

of human mobility, being the origin and destination of many daily trips.
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Figure 4. Territorial incidence of COVID-19 during the first wave
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Key: (a) Mapping COVID-19 incidence across the region.

Each node corresponds to an officially reported case. The

geolocation of cases is based on the residence address of the infected person. (b) Heat map: the most affected

areas in red.

Source: authors” own elaboration from data from Galician Health Service (2020)

A distribution of the municipalities by incidence of the virus in regular intervals (quartiles with the

same number of cases) shows how practically all the municipalities in the provinces of A Corufia

and Pontevedra fall into quartiles Q3 and Q4, shaded with redder tones. For its part, inland

Galicia concentrates most of the least affected municipalities, shaded in yellow (quartile Q1). In

addition, the set of municipalities shaded in gray present a special significance, which

correspond to those municipalities in which no case was reported during the first wave.
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Figure 5. Territorial incidence of COVID-19 during the first wave
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Note: Incidence of COVID-19 at a municipal scale: Total number of cases (node size) and distribution in regular
infervals, i.e. four quartiles (background colour). Municipalities without COVID-19 cases are displayed in grey

colour.

Source: own elaboration from data from Galician Health Service (2020)

The analysis of the relative incidence shows more heterogeneous patterns throughout the region.
On the one hand, the density of cases per inhabitant (Figure 6.a) shows how the municipalities in
the surroundings of the main cities show higher rates. This is clearly observed in municipalities
around Santiago, A Corufia and Ourense. In the same way, it is observed that many interior

municipalities present exceptionally high levels of density of cases per inhabitant in relative terms.
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The analysis of the density levels of cases per km? (Figure 6.b) show a pattern very similar fo the
one initially proposed, where the western and southern sectors of the region tend to concentrate

higher incidence levels.

Figure 6. Territorial incidence of COVID-19 during the first wave
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Key: (a) Density of cases by population - cases reported per 100,000 inhabitants. (b) Density of cases per area —

cases reported per 100 square Kilometre—. Data represented at the municipal level and classified at regular intervals.

Source: own elaboration from data from Galician Health Service (2020)

Figure 7a represents the 25 municipalities with the highest and lowest incidence of the virus. The
warm tones indicate which were the most affected municipalities and the cold tones the least
affected, without considering in this group all those municipalities free of COVID-19 represented
in the preceding figures. These municipalities represented in light green have a single infected
and are located for the most part in the provinces of Ourense and Lugo. For their part, the most
affected municipalities are located for the most part along the Atlantic Axis. Figure 7b represents
the incidence per 100,000 inhabitants, showing a much more heterogeneous territorial pattern,
especially in the case of the province of Ourense, where many of the municipalities with the

highest and lowest relative incidence are located.
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Figure 7. Territorial incidence of COVID-19 during the first wave
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cases by population —cases reported per 100,000 inhabitants—. Data represented at the municipal level and

classified at regular intervals.

Source: own elaboration from data from Galician Health Service (2020)

The two municipalities with the highest cumulative incidence during the first wave are the two
most populated. A Corufia accounts for 14.7% of total cases and a cumulative incidence of 649.1
cases per 100,000 inhabitants. Vigo concentrates 12.1% of the cases and a cumulative incidence
of 444 5 cases per 100,000 inhabitants. In them, the spread of the virus extends throughout the

entire urban fabric (Figure 8).
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Figure 8. COVID cases registered in the two most populated municipalities in Galicia
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Note: (a) Vigo (b) A Corufia. Each reported case is represented by a red dot.

Source: own elaboration from data from Galician Health Service (2020)

The spread of the virus shows different patterns depending on the characteristics of the territory.
Figure 9 shows the incidence in two urban centers located in different sectors of the region. The
points are represented as a function of both the time of sampling (according to the month) and

the need for hospital care at some point by the patients.
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Figure 9. Incidence of COVID-19 in three urban centers:

Ourense and Vilagarcia de Arousa
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Nofte: (a, b) Ourense, (c, d) Vilagarcia de Arousa. On the left, distribution of the cases according to the sampling

date. On the right, cases that required hospital care.

Source: own elaboration from data from Galician Health Service (2020)
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5.3 Influence of mobility

Most mobility dynamics have changed dramatically since the appearance of COVID-19 in mid-
March 2020. In Spain, national authorities took over the entire country to control the virus. On
March 14, they adopted a harsh lockdown with strict mobility restrictions and stay-athome orders
for everyone. Work activity was reduced to very few essential activities related to human care and
the purchase of primary products. Between March 30 and April 9, only essential workers were
able to travel for work. Most of the businesses related to non-essential activities, as well as cultural
and religious facilities, were closed. With controlled management of the virus, this region was
the first to ease mobility restrictions and return to pseudo-normality. It was carried out in four
different phases. On May 4, some type of business and activities were authorized, mostly
outdoors. Two weeks later, restaurants and some stores could be open, but with some partial
restrictions on their capacity. Human mobility was limited in each province. On June 15, the

region begins a “new normal” with no restrictions on mobility.

The first cases of virus detected in Galicia were imported from other regions of Spain, especially
Madrid, which was at first the main source of infection. The tfransmission flows were determined
by the land transport routes and the radial design of the infrastructures with Madrid (Balsa-
Barreiro et al., 2019). This road enters the SE sector of the region and crosses the cities of
Ourense, Santiago and A Corufia. The significant difference in the levels of incidence of the virus
in the two eastern provinces, which present similar demographic structures, would be explained
from this radial road design and the relationship of the provincial capitals with the Atlantic Axis,

being much more intense on the axis between Ourense and Vigo.

As the virus circulates within the system, the internal mobility flows and the territorial structure are
decisive to understand the real spread of the virus. The temporal analysis of human mobility
allows to verify the dynamic correlation between the virus and its territorial impact. From a
territorial perspective, the highest rates of the virus were concentrated around the main cities,
with high population densities. Furthermore, most of the industrial and logistics hubs are located
in these same suburban areas. These are areas with significant economic diversity and high levels
of human mobility, being the origin and destination of many daily trips. Figure 10 represents the
change in mobility due to the impact of the virus and the implementation of restrictions by the
central government. It is observed, as well as many of the spread patterns of the virus partially

correspond to the predominant direction of the mobility fluxes presented.
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Figure 10. Mobility flows during the COVID-19 pandemic
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Some relevant territorial factors must be considered to understand the territorial complexity of the
virus within this region. Among them, the spatial pattern of population distribution in this region

could be of great significance. Traditionally, this spatial pattern was characterized by high
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fragmentation and dissemination throughout the territory. In fact, this region concentrates almost
half of all the singular population entities located in Spain. In comparison, this rate is
approximately 10 times higher than its demographic weight at the national level (INE, 2027).
Although this model is still in force in rural Galicia, a very relevant process of increasing
concentration is also observed in a specific group of municipalities with a small central urban
nucleus, which has a considerable flow of displacements and, therefore, also had it infected

(Balsa-Barreiro, Morales & Lois-Gonzélez, 2021).

6 Conclusions

Geospatial analysis is essential for the management of emergencies such as the current
pandemic. Dashboards and web-based tools are being used to inform the population, in addition
to traditional maps, while governments and authorities gain transparency in their public
management. However, the importance of geospatial tools must go beyond the merely
informative, becoming an essential tool for decision-making in near real time. It requires the
willingness to share accurate and detailed information on the part of the responsible authorities.
However, there are some concerns related to mapping this data that should be considered.
Among them, to maintain people’s privacy or avoid counterproductive effects such as generating
unjustified false alarms in the population. Geospatial data plays a key role in any visualization
strategy. For this, proper and responsible geodata management is required, adapting each map
to specific audiences and purposes. In addition to optimal use of all the elements, the expert

must always implement the most appropriate mapping strategies according to the objectives.

Throughout this document, we have presented some strategies to map detailed COVID-19 data
on a specific territory such as Galicia. These data were geoprocessed with GIS tools. The maps

were adapted to different objectives and scales.

The goal is to enhance the value of geospatial analysis for decision making. Data visualization
must be clear and adapted to the audience, facilitating the integration of epidemiologists, health

authorities and legislators to make the most appropriate decisions at any spatial scale.

In fact, some of the maps presented in this paper were provided to the competent authorities of
the Government of Galicia to offer information on the territorial behavior of COVID-19 and help
with its management. Although today, certain behaviors are considered confirmed, thanks to

these maps we were able to detect the influence of nursing homes or industrial estates.
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Regardless of this information, in this paper we verify and confirm several Galician realities

related to the pandemic in its origins:
1. The pandemic always arrived in Galicia a little later than in other areas of Spain.

2. The degree of incidence and impact of the pandemic was always lower in Galicia than in

Spain.

3. In relation to the previous points, it can also be interpreted that the management from the
Xunta de Galicia took the lead from the proposals that were made from the Autonomous

Communities to the Central Government to coordinate the management of the pandemic.

4. COVID-19 presented a territorial distribution very similar to that of the socioeconomic variables
throughout the Galician territory. There was a greater number of infected in urban areas and

their areas of influence, the pandemic followed the route of the Atlantic Urban Axis.

5. While the municipal capitals that socio-economically structure the Galician rural territory had a

lower incidence. To a large extent, due to not very high demographic and density values.

It must be emphasized that the maps and analyzes presented in this work are a sample of the
importance of Geography and the study of the territory when there are pandemics such as
COVID-19. In fact, part of what is exposed in this paper was presented throughout 2020 to the
competent authorities related to the management of this health crisis in Galicia, becoming a real

example of Applied Geography.
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