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• Data processed with GIS and spatial sta-
tistics are important to study COVID-19.

• Decision making is the principle objec-
tive of COVID-19 studies with GIS.

• Geographical aspects of the study of
COVID-19 can be grouped into five cate-
gories.

• COVID-19 requires an interdisciplinary
approach with a global perspective.

• Health geography has a critical perspec-
tive that can help vulnerable
populations.
⁎ Corresponding authors at: UNAM, Morelia Campus,
8701, Morelia 58190, Michoacán, Mexico.

E-mail addresses: ifranch@enesmorelia.unam.mx (I. Fr
brian@ciga.unam.mx (B.M. Napoletano).

https://doi.org/10.1016/j.scitotenv.2020.140033
0048-9697/© 2020 The Author(s). Published by Elsevier B
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 8 May 2020
Received in revised form 4 June 2020
Accepted 4 June 2020
Available online 8 June 2020

Editor: Jay Gan

Keywords:
COVID-19
Geographical dimensions
Spatiotemporal analyst
Health geography
Interdisciplinary correlation
Data mining and web-base
This study entailed a review of 63 scientific articles on geospatial and spatial-statistical analysis of the geograph-
ical dimension of the 2019 coronavirus disease (COVID-19) pandemic. The diversity of themes identified in this
paper can be grouped into the following categories of diseasemapping: spatiotemporal analysis, health and social
geography, environmental variables, data mining, and web-based mapping. Understanding the spatiotemporal
dynamics of COVID-19 is essential for its mitigation, as it helps to clarify the extent and impact of the pandemic
and can aid decision making, planning and community action. Health geography highlights the interaction of
public health officials, affected actors and first responders to improve estimations of disease propagation and
likelihoods of new outbreaks. Attempts at interdisciplinary correlation examine health policy interventions for
the siting of health/sanitary services and controls, mapping/tracking of humanmovement, formulation of appro-
priate scientific and political responses and projection of spatial diffusion and temporal trends. This review con-
cludes that, to fight COVID-19, it is important to face the challenges from an interdisciplinary perspective, with
proactive planning, international solidarity and a global perspective. This review provides useful information
and insight that can support future bibliographic queries, and also serves as a resource for understanding the evo-
lution of tools used in the management of this major global pandemic of the 21 Century. It is hoped that its find-
ings will inspire new reflections on the COVID-19 pandemic by readers.

© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. Introduction

Sixmonths have passed since Chinese authorities identified a deadly
new coronavirus strain, SARS-CoV-2 (January 7, 2020); four months
since the WHO declared a pandemic (March 11, 2020). During this
time, scientific papers on the 2019 coronavirus disease (COVID-19)
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have been numerous, addressing global awareness (primarily at na-
tional levels) and covering a significant range of disciplines including
medicine, mathematics and social sciences. Among these disciplines,
this paper focuses on the geographical dimensions of the disease.

This thematic aspect of COVID-19 requires analysis that adopts an
interdisciplinary approach, and geography is one of the few disciplines
that purports to offer a synthetic approach to the interplay between
the biophysical and human variables (Turner, 2002), by approaching
the environment from a holistic perspective with a focus on the forms
and processes that concur in a geographical space (Sauer, 1925). Other
disciplines define the physical, historical and social characteristics and
processes, but geography situates these in a spatial, territorial, locational
and landscape perspective (Pattison, 1964). The complex reality of the
environment-society dialectic (sensu Schnaiberg and Gould, 1994)
must be understood in the context of the integrative approach of
geography.

Medical geography specializes in the application of concepts,
methods and quantitative techniques to address spatial issues in disease
and medicine (Meade, 2014). Within this, health geography focuses
geographical concepts and categories on the population and demo-
graphic aspects concerning health. According to Kearns and Moon
(2002), health geography has a predominantly utilitarian perspective
and analyses the territory technically, although it incorporates structur-
alist approaches, such as cultural and sociological vision of social wel-
fare, a sense of ‘place’ for people, and a critical stance.

The COVID-19pandemic is full of unknowns, andmanyof themhave
a spatial dimension that lead to understanding the phenomenon as geo-
graphical and potentially mappable. Thus from health science, the re-
search needs include the ability to cross variables of different kinds to
interpret the COVID-19 phenomenon, its spatial analysis and spatiotem-
poral dimensions, its geographical impact on decision-making and ev-
eryday life, and predictive modelling of the evolution of the disease.
For these reasons, the use of geospatial and statistical tools has become
particularly relevant with the declaration of COVID-19 as a global
pandemic.

The aim of this study is to review the implementation of geographi-
cal and geo-spatial analysis in understanding locations and the distribu-
tion patterns of COVID-19. The study seeks to highlight current
geospatial-analytical methods in the interpretation of the environmen-
tal effects and consequences of COVID-19, to understand its socio-
demographic implications and role of big data mining and web based
spatial analysis and representation. The review summarizes studies
and research on COVID-19 phenomena in the context of geography. It
can also be a useful resource in understanding the geographical conse-
quences and effectiveness of the containment of the disease. There are
already various reviews on COVID-19, but they have not approached
the issue from a geographical perspective. Tobaiqy et al. (2020)
discussed the different therapies used in COVID-19 patients, while the
use of artificial intelligence and big data to study and mitigate effects
of the virus was discussed by Pham et al., 2020, and systematisation of
ongoing data science activities in this area was done by Latif et al.
(2020). The review here of different works dealing with geographical
phenomena of COVID-19 should inspire new reflections for the readers,
and help connect between themes and tools.

2. Thematic groups of geospatial analysis

We have reviewed 63 scientific articles found in the Google Scholar,
Scopus, ScienceDirect and PubMed search engines, and by following the
references in theworkswe read. The keywordswe used to find these ar-
ticles were ‘COVID-19’, ‘coronavirus’ (limited to 2020) or ‘SARS-CoV-2’,
togetherwith different conjugations of thewords ‘GIS’, ‘spatiotemporal’,
‘spatial analysis’, ‘geospatial’, ‘geography’, ‘map’ and ‘mapping’. The time
interval dates from 27 January 2020 (first identified spatial study) to 1
May 2020 (date of the last study reviewed prior to writing and sending
this paper for review). Based on the authors' experience and
understanding of geographical phenomena and processes, the articles
were evaluated in terms of their depth of analysis, leaving aside those
that only provided a simple representation of certain details in the
formof amap anddid not offer relevant contributions in thefield of spa-
tial analysis. The review does not include works that take on the spatial
dimension abstractly and whose spatial analysis are conceptual. In this,
Wallace's (2020) lead is followed in avoiding empiricismwhile empha-
sizing a degree of analytical and empirical vigour- Thus it is important to
recognise that not all the vital information necessary to address the out-
break can be readily quantified and mapped. The temporal variable, al-
though not always central, was also present in most of the work
reviewed.

Research papers were categorized into five general groups and sum-
marized in terms of the most substantial works on themes developed,
significant methodologies, and the most relevant results. The first
group, of spatiotemporal analysis and diseasemapping, refers to studies
of the temporal pattern of the COVID-19 phenomenon together with its
geographical expansion. After discussing this, we describe the other cat-
egories we posited based on the major themes covered: health and so-
cial geography, environmental variables, data mining, and web-based
mapping. This grouping, derived from the main themes of the papers
that we reviewed, integrates all the different studies and adequately
summarizes the topics covered, although some works fall into more
than one category (Table 1).
2.1. Spatiotemporal analysis

One of the most important properties of epidemics is their spatial
spread, “a characteristic which mainly depends on the epidemic mech-
anism, humanmobility and control strategy” (Gross et al., 2020: 2). We
can use GIS and spatial statistics to respond to this, and also to helpmit-
igate the epidemic through scientific information, find spatial correla-
tions with other variables, and identify transmission dynamics (Xiong
et al., 2020). One of the first works, as well as one of the most cited,
that makes use of GIS for the spatial analysis of COVID-19 is that of
Guan et al. (2020). They extracted data on 1099 patients with
laboratory-confirmed COVID-19 cases from Chinese hospitals until Jan-
uary 29, 2020, and proceeded to characterize the profile of the average
patient: mean age, gender, symptoms and their spatiotemporal charac-
teristics—i.e., identification of the rapid spread of the disease through-
out mainland China, distribution of patients by province,
characteristics between residents of Wuhan and non-residents, history
of direct contact with wildlife and non-residents of Wuhan who visited
the city or who had contact with citizens there (72.3%). The work is im-
portant because the early date of its publication (February 28) allowed
the clinical characteristics of the affected patients to be more precisely
defined. Also in China, around the same time, Chen et al. (2020b),
using a Bayesian spatial-temporal model, determined the distribution
of COVID-19 cases and their correlation with the migration of the
Wuhan population in the early stages of the epidemic, which is of
great importance for early warning and prevention of future outbreaks.
Huang et al. (2020), weeks later (COVID-19 moves very fast, while the
onset of symptoms are delayed by an average of two weeks, allowing
many things happen in a short time), analysed the epidemiological
characteristics of COVID-19, the control measures taken, their effects
with respect to the pandemic, and its spatiotemporal distribution. One
enotable result was the identification of a significant number of people
who entered Wenzhou from Hubei Province, which explains why this
citywas thefirst outside the epicentrewhere confinementwas adopted.

These first geographic analyses also mapped the information to
more precise administrative levels (counties, provinces), something
that was to be reproduced in other countries such as the USA (Dong
et al., 2020), Iran (Arab-Mazar et al., 2020), later South Korea (Rezaei
et al., 2020), Brazil (Dagnino et al., 2020), Israel (Rossman et al.,
2020), Italy (Giuliani et al., 2020), Spain (Orea and Álvarez, 2020),



Table 1
Grouping of reviewed studies by geospatial theme, date of first publication, country or region studied, provenance of the information used and brief description.

Spatial subject Study Date
(m/d)

Region or country
of study

Data used Particular subject

Spatiotemporal
analysis

Guan et al. (2020) 2/28 China Confirmed cases of
COVID-19

Geographical characteristics of those infected by COVID-19

Chen et al. (2020a)
and Chen et al.
(2020b)

2/28 China Confirmed cases Distribution of the contagion cases and their correlation with the emigration
of the Wuhan population in the initial stage of the epidemic

Huang et al. (2020) 3/10 China Confirmed cases Spatiotemporal analysis of COVID-19 and its relationship with
epidemiological characteristics, control of measures taken and their effects.

Arab-Mazar et al.
(2020)

3/14 Iran Confirmed cases Spatiotemporal analysis of COVID-19 at the national and provincial levels

Giuliani et al. (2020) 3/20 Italy Confirmed cases Spatiotemporal analysis of COVID-19 at the national and provincial levels
Zhou et al. (2020) 3/20 China Data mining and

confirmed cases
Reflections on the use of GIS with big data and spatiotemporal analysis of
COVID-19

Rezaei et al. (2020) 3/24 South Korea Confirmed cases Spatiotemporal analysis of COVID-19 at the national and provincial levels
Zhang et al. (2020) 3/26 China Confirmed cases Comparison of spatiotemporal evolution between COVID-19 and SARS 2003
Dagnino et al. (2020) 3/27 Brasil Confirmed cases Spatiotemporal analysis of COVID-19 in Rio Grande do Sul
Ahmadi et al. (2020a)
and Ahmadi et al.
(2020b)

3/31 Iran Confirmed cases Spatiotemporal analysis and call for the need to do more GIS studies locally

Xiong et al. (2020) 4/5 China Confirmed cases Pearson's correlation methods for spatiotemporal analysis
Gross et al. (2020) 4/5 China Confirmed cases Levy's flight to explain the spatiotemporal dynamics of the pandemic
Desjardins et al.
(2020)

4/8 USA Confirmed cases Prospective space-time statistics to identify active and emerging COVID-19
groups at the county level

Rossman et al. (2020) 4/9 Israel Polls and confirmed
cases

Online questionnaire aimed at the geographical identification of possible
symptomatics

De Ángel Solá et al.
(2020)

4/10 Caribe basin Confirmed cases Predicting the global spread of COVID-19 based on geographic and climatic
data

Team CC-R (2020) 4/10 USA Confirmed cases Geographical characteristics and spatiotemporal analysis of infections
Orea and Álvarez
(2020)

4/13 Spain Confirmed cases Analysis by provinces of the effectiveness of quarantine on the spread of the
pandemic

Murugesan et al.
(2020)

4/14 India Confirmed cases Spatiotemporal analysis of COVID-19 at the national and provincial levels

Tang et al. (2020) 4/15 China Confirmed cases Poisson segmented model for the analysis of changing patterns in different
geographic areas

Silva et al. (2020) 4/16 Brasil Confirmed cases Spatiotemporal analysis of COVID-19 in Estado da Bahia
Buzai (2020) 4/17 Argentina Confirmed cases Spatiotemporal analysis and reflections on health geography
Santana Juárez (2020) 4/17 Mexico Confirmed cases Spatiotemporal analysis of COVID-19 at the national and provincial levels
Saha et al. (2020) 4/26 World Confirmed cases Spatiotemporal analysis and reflections on usefulness of GIS in the pandemic

Health and
social
geography

De Kadt et al. (2020) 3/20 South Africa Socio-economic
characteristics and
urban structure

For Gauteng city, 2 risk maps: to maintain social distance and preventive
hygiene, and health and social vulnerability during the outbreak

Ahmadi et al. (2020a)
and Ahmadi et al.
(2020b)

3/31 Iran Confirmed cases Emphasises the need for more GIS studies at local scales

Gibson and Rush
(2020)

4/6 South Africa Socio-economic
characteristics and
urban structure

Analysis of the feasibility of social distancing in the slums of Cape Town.

Kuchler et al. (2020) 4/6 USA, Italy Data mining and
confirmed cases

Identification of Facebook friendships in Westchester (NY) and Lodi
(Lombardia) and correlations with the pandemic

Allcott et al. (2020) 4/7 USA Data mining and polls Correlation between the ruling party in each county, social behaviour and
confirmed COVID-19 cases

Lakhani (2020a) and
Lakhani (2020b)

4/8 Australia Socio-economic
characteristics and
urban structure

Analysis of the spatial distribution of health services and the population over
65 years of age in Melbourne

Padula and Davidson
(2020)

4/9 World Confirmed cases Correlation between number of nurses per country and COVID-19 mortality

Lakhani (2020a) and
Lakhani (2020b)

4/11 Australia Socio-economic
characteristics and
urban structure

Characteristics of rural areas and their ageing population with respect to
health services to face the pandemic

Minetto et al. (2020) 4/16 North Korea,
Russia, Germany,
USA, China

Remote sensing Changes in population and economic dynamics through the comparison of
satellite images prior to and during the pandemic

Kuupiel et al. (2020) 4/16 Ghana Socio-economic
characteristics and
urban structure

Geographical accessibility analysis of Upper East Region inhabitants to point
of care tests

Samuelsson et al.
(2020)

4/18 World Polls Discussion on the characteristics of current cities and post-pandemic urban
strategies

Coccia (2020) 4/20 Italy Confirmed cases Correlation between geoenvironmental and demographic characteristics of 55
cities and their relationship with the dynamics of COVID-19

Mollalo et al. (2020) 4/22 USA Confirmed cases Correlation between socioeconomic, environmental, topographic and
demographic themes using a family of spatial regression and autoregressive
models

Oto-Peralías (2020) 4/24 Spain Confirmed cases Correlation between geographic and socioeconomic variables to explain the
great disparity of those infected between the provinces

(continued on next page)
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Table 1 (continued)

Spatial subject Study Date
(m/d)

Region or country
of study

Data used Particular subject

Kost (2020) Apr World Confirmed cases Discussion of the importance of point-of-care testing in pandemics and the
need for geospatial analysis for its optimal location

Jella et al. (2020) Apr USA Confirmed cases Analysis of the geographical distribution of orthopaedic surgeons over
65 years of age to compare with COVID-19 infections in New York, New
Jersey, California and Florida

Sarwar et al. (2020) 5/1 Pakistan Confirmed cases Development of an open and practical GIS to detect, collect and analyse
outbreak data. Discussion on the usefulness of GIS in Pakistan

Environmental
variables

Luo et al. (2020) 2/17 China Confirmed cases Correlation between the number of contact cases and absolute humidity of the
geographical location

Sajadi et al. (2020) 3/9 World Confirmed cases Analysis of the temperature, humidity and latitude of 8 cities with high
infections and extrapolation to the rest of the world

Wang et al. (2020) 3/10 World Confirmed cases Analysis of temperature and humidity in Chinese cities with more than 40
infections and extrapolation to the rest of the world

Ma et al. (2020) 3/18 China Confirmed cases Correlation between deaths from COVID-19 in Wuhan and climate data and
environmental pollution

Tosepu et al. (2020) 4/3 Indonesia Confirmed cases Correlation between climate and COVID-19 in Jakarta
Liu et al. (2020) 4/5 China Confirmed cases Correlation between climate and COVID-19 in 30 Chinese cities
Keshavarzi (2020) 4/6 World Confirmed cases Search for climatic and geographic evidence to explain the pandemic
Baker et al. (2020) 4/7 World Confirmed cases Climate-dependent epidemic model to simulate the COVID-19 pandemic in

different scenarios
Hasan and Mahfujul
Haque (2020)

4/7 World Confirmed cases Correlation between climate and COVID-19 in temperate and tropical
countries

Bariotakis et al.
(2020)

4/9 World Confirmed cases Predicting the global spread of COVID-19 based on climate data.

De Ángel Solá et al.
(2020)

4/10 Caribe basin Confirmed cases Predicting the global spread of COVID-19 based on geographic and climatic
data

Ahmadi et al. (2020a)
and Ahmadi et al.
(2020b)

4/13 Iran Confirmed cases Correlation between demographic and climatic characteristics and the spread
of COVID-19

Qi et al. (2020) 4/16 China Confirmed cases Analysis of average daily temperature and relative humidity against cases of
contagion

Bashir et al. (2020) 4/18 USA Confirmed cases Correlation between climatic characteristics and the spread of the virus in
New York

Gupta et al. (2020) 4/19 USA, India Confirmed cases Correlation between climatic characteristics and the spread of the virus in the
USA, and extrapolation of the method to India

Data mining Zhou et al. (2020) 3/20 China Data mining and
confirmed cases

Reflections on the use of GIS with big data and spatiotemporal analysis of
COVID-19

Bogoch et al. (2020) 1/27 World Data mining International flights from Wuhan, number of passengers, potential
distribution of the disease

Iacus et al. (2020) 3/10 World Data mining Flow of domestic and international flights from China, Oct-19 to Mar-20
Warren and Skillman
(2020)

3/31 USA Data mining Geolocation data from mobile devices to measure the mobility of the
population per day

Kuchler et al. (2020) 4/6 USA, Italy Data mining and
confirmed cases

Identification of Facebook friendships in Westchester (NY) and Lodi
(Lombardia) and correlation with the pandemic

Chen et al. (2020a)
and Chen et al.
(2020b)

4/7 USA Data mining and
confirmed cases

Correlation between infections by state with the entrances and exits of
interstate travellers

Allcott et al. (2020) 4/7 USA Data mining and polls Correlation between the ruling party in each county, social behaviour and
confirmed COVID-19 cases

Gao et al. (2020) 4/9 USA Data mining Mobility pattern analysis using mobile data at the county level. Web
cartographic viewer

Su et al. (2020) 4/15 China Data mining and
confirmed cases

Number of infections and daily travel intensity index to assess the level of
restrictions and measures to adopt

Chan et al. (2020) Apr World Data mining Analysis with mobility data from Google users
Web-based
mapping

Dong et al. (2020) 2/19 World Confirmed cases Presentation of the John Hopkins University web cartographic viewer
Cicalò and Valentino
(2019)

Feb World Confirmed cases Geohistorical context of the maps for the study of epidemics and design of the
web maps on COVID-19

Boulos and Geraghty
(2020)

3/11 USA, China, UK Data mining and
confirmed cases

Review of cartographic web viewers and Chinese mobile applications to slow
contagion

Rossman et al. (2020) 4/9 Israel Polls and confirmed
cases

Online questionnaire aimed at the geographical identification of possible
symptoms

Gao et al. (2020) 4/9 USA Data mining Mobility pattern analysis using mobile data at the county level. Web
cartographic viewer

4 I. Franch-Pardo et al. / Science of the Total Environment 739 (2020) 140033
Argentina (Buzai, 2020), Mexico (Santana Juárez, 2020), India (Saha
et al., 2020) and Pakistan (Sarwar et al., 2020).

Returning to the spatiotemporal analyses carried out in China, Gross
et al. (2020) agree that the spread of the disease originated in the Hubei
migration prior to confinements.Withmore information on the dynam-
ics of the virus, in this work they drew imaginary lines connecting ver-
tices representing the epicentres of the virus, specific provinces, cities
and locations scattered around the world. The distances and the inten-
sities of the epicentres are very irregular; the virus propagation adopts
the flight of Levy, a tendency to fractal movement typical of humanmo-
bility. With pertinent mathematics, future scenarios could bemodelled.
In the work of Zhang et al. (2020), an attempt was made to determine
whether the pattern of spatial-temporal behaviour is related to SARS
2003, and came up with negative results owing to changes in social
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and demographic factors, local government containment strategies, and
differences in the dynamics of transmission between these two
coronaviruses.

Later, Tang et al. (2020) analysed the changing patterns in the differ-
ent geographical areas of the country, with the temporal evolution of
the COVID-19 epidemic. They used Poisson's segmented model and at-
tempt to provide further explanations for what is happening in real
time. Su et al. (2020) combined efforts to understand the transmission
dynamics, focusing on the main Chinese metropolitan areas. They
used the reported data of infected people in a time interval, plus the
daily travel intensity index with Baidu Maps data for those dates, in
order to calibrate the level of restrictions and estimate the proportion
of the population in quarantine. It is a study based on the Chinese expe-
rience, but its purpose is to help large urban agglomerations in other re-
gions of the world that have to go through the same thing.

In Israel, an online questionnaire was carried out to identify possible
symptoms and, with this, to follow up with infected persons over time
(Rossman et al., 2020: 3). In the interpretation of the data, differences
in the proportion of reported symptoms in participants from different
cities and different neighbourhoods that are geographically close to
each other are revealed, which could suggest the ability to detect
changes at a high geographical resolution.

The GIS analyses carried out in the USA, where containment efforts
have been belated and relatively lax (in comparison with China, South
Korea, and Taiwan), have very diverse themes, as we will see through-
out the other sections. Desjardins et al. (2020) used prospective
space-time statistics to identify active and emerging COVID-19 groups
at the county level. The prospective approach is an important surveil-
lance tool for controlling disease outbreaks as they develop (Kulldorff
and Kleinman, 2015 cited in Desjardins et al., 2020) and its main
strength is the ability to add updated COVID-19 counts and re-execute
the statistics to identify new emerging groups. It also tracks previously
detected groups to determine whether they are growing or shrinking
in magnitude. Doing so can help determine whether current mitigation
and isolation techniques are effective in slowing the spread of COVID-
19, and suggests that they could be used more widely in public health
departments. In other works, such as that of Gao et al. (2020), the
daily evolution of humanmobility in US counties wasmapped, allowing
monitoring of changes in population trends based on the differentmea-
sures adopted by respective governments. Likewise, in the web map
viewer of Dong et al. (2020), the figures for the number of people in-
fected and killed by COVID-19 are shown at a national level, but for
the USA the information is available at a county level.

In Spain, one month after the declaration of a national emergency
and mandatory confinement, Orea and Álvarez (2020) analysed by
province the effectiveness of these measures with respect to the spread
of the pandemic. The result is favourable, with the emphasis on those
provinces that are closest to the main epicentres of the COVID-19,
where the state of emergency seems to have allowed the vicious circle
of contagion to be broken.

Also at the provincial level, but in Italy, Giuliani et al. (2020)
modelled the spatial-temporal dynamics of COVID-19 contagion and
victims. As in Spain, the local distribution is very heterogeneous. Its
main foci are in the north, but it has been progressively infiltrating the
southern provinces. There is strong evidence that the strict controlmea-
sures implemented in some provinces effectively break the cycles of in-
fection and limit the spread to nearby areas. They also mention that
planning to contain the spread of COVID-19 must take into account
the peculiarities of local territories, but there must also be control mea-
sures at the national level to avoid delaying or losing control of the
disease's spread as a whole.

For Pakistan, Sarwar et al. (2020) are developing an open and user-
friendly GIS to detect, collect and analyse outbreak data in the country.
In addition to the uses mentioned in the other papers referred to, GIS
Pakistan can be useful for accurate spatial segmentation (larger scale
of detail) of areas at epidemic risk and appropriate level of prevention,
assessment of population flow and distribution, concerns about the ad-
equacy of health services and constant monitoring of information. They
encourage public authorities to use this tool to locate the most affected
regions and take appropriate action.

2.2. Health and social geography

2.2.1. Specific health geography issues
The works of De Kadt et al. (2020) and Gibson and Rush (2020) in

South Africa explore the challenges of establishing health control mea-
sures in developing countries where there are entire neighbourhoods
in extreme poverty. De Kadt et al. (2020) produced two maps for the
city of Gauteng. One is the risk factor index for maintaining social dis-
tance and preventive hygiene, which is not as feasible for all people in
all communities (Gibson and Rush, 2020). Thus, they compile six risk
factors that can be considered impediments to achieving basic hygiene
and social distancing: crowded living conditions; sharing of water and
sanitation services; dependence on public health services; limited ac-
cess to communication tools; and dependence on public transport.
The second map is the index of risk factors that increase social and
health vulnerability during an outbreak or wider quarantine. This map
responds to the concern about how the social distancing measures
taken by the South African government and its reaction to an outbreak
will impact poorer communities. Gibson and Rush (2020), following
their GIS study, state that social distancing is unfeasible (apart from en-
closure) in certain informal settlements of the more than 146,000
households located in Cape Town, which are densely populated, with
houses in close proximity to each other, and with a severe lack of sani-
tation infrastructure. Here the intrinsic link between widespread pov-
erty and disease susceptibility faced by communities in the Global
South, and thus the need to address the structural drivers of this poverty
in the global political-economy, becomes apparent (Davis, 2020; Zeilig
and Cross, 2020).

In Ghana, a malaria-endemic country, Kuupiel et al. (2020) tested
the geographical accessibility of inhabitants to Point of Care (POC)
tests for Glucose-6-Phosphate Dehydrogenase (G6PD) deficiency. Spe-
cifically in their upper east region, they identify 100 Rural Primary
Health and the health centreswhere G6PD tests are provided. Consider-
ing the spatial distribution of the population and other means of public
transport, plus topographic determining factors (relief, road network,
rivers), they used near function analysis tools to measure which areas
and how much of the population have good geographic access to
these services and which ones have shortcomings. According to the au-
thors, this information is very relevant for the treatment of COVID-19
because there are a number of antimalarial drugs that, reportedly, are
useful in its treatment (Gao et al. 2020, cited in Kuupiel et al., 2020).

On a global scale, Padula andDavidson (2020) related the concentra-
tion of nurses (more than half the world's healthcare workers) to the
mortality of COVID-19 by country. The paper shows an association be-
tween high numbers of nurses and reduced mortality rates of COVID-
19. The key to addressing current and future outbreaks of COVID-19,
or for that matter, any infectious disease outbreak of this magnitude,
is to prepare a versatile and highly skilled nursing workforce.

In the USA, Jella et al. (2020) identified the geographical distribution
of orthopaedic surgeons aged 65 years or more (age-group considered
more vulnerable to the disease) to compare their distribution with
other specialties and with those diagnosed with COVID-19. The objec-
tive was to determine the potential risk of orthopaedic surgeons during
the pandemic of COVID-19. From their results, they highlight that the
highest numbers occur in the states most severely affected by COVID-
19: New York, New Jersey, California and Florida.

Lakhani (2020a) carried out a spatial analysis of the Australian city of
Melbourne, at a time of extraordinary vigilance over older people The
city was spatially analysed to identify the areas that offer the greatest
difficulties in accessing health services, where populations over
65 years of age are concentrated and which require medical assistance
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at home and, finally, the location of hospitals and pharmacies. This type
of study is proposed for other issues related to COVID-19, such as study-
ing how rural areas in different countries are being managed (Lakhani,
2020b), especially when they are located in remote conditions (Bocco,
2016).

2.2.2. Interdisciplinary correlations
Allcott et al. (2020) analysed the relationship between the

governing political party in each US county, social behaviour with re-
spect to containment measures, and confirmed cases of COVID-19.
Large partisan gaps in social distancing behaviour were revealed.
There is a strong correlation between counties with weaker social dis-
tancing responses and those with higher percentages of Republican
voters. Stronger social distancing responses are also observed in
counties with more COVID-19 confirmed cases. From the discussion, it
appears that messages from political leaders and the media about the
severity of COVID-19 could substantially affect North Americans' re-
sponses to the pandemic.

Also in the USA, Kuchler et al. (2020) studied the correlation be-
tween Facebook friendships and COVID-19 cases in two administrative
entities heavily hit by COVID-19: an American county (Westchester
County, NY) and an Italian municipality (Lodi, Lombardy). They were
looking to see if the Facebook friendship links of these two points
with other cities have a correlation with COVID-19 infections, assuming
that such friendship indicates a higher probability of physical interac-
tion. The results indicate that a social connectivity index can help epide-
miologists predict the spread of communicable diseases.

Remote sensing tools are very useful for the spatial study of diseases.
In addition to the atmospheric information obtained by satellites (as we
see in the next section), vegetation, sea surface characteristics and
changes in land cover can influence the spread of diseases. Recently,
Minetto et al. (2020) measured changes in economic activity since con-
tainment measures were adopted in different parts of the world (Mu-
nich, Phoenix, Moscow, Wuhan, North Korea). They used recent and
pre-COVID-19 satellite images to identify the change in vehicle volume
at regular points, ship traffic at ports, and aircraft at gates.

2.3. Environmental variables

2.3.1. Environment, geography and socioeconomic correlations
Coccia (2020) analysed the geo-environmental and demographic

characteristics of 55 Italian cities and their relationships with the dy-
namics of COVID-19. The study identified, for each city, its distance
from the sea, latitude, population density, air pollution levels (PM10
or ozone), climatic variables of thesemonths (average temperature, rel-
ative humidity, predominant wind speed, rainy and foggy days), and
spatial-temporal characteristics of COVID-19 and of infected people.
The work found a probable association between the accelerated diffu-
sion of COVID-19 and high air pollution, specific meteorological condi-
tions (e.g. low wind speed) and the cities farthest from the sea. The
author appeals to environmental and sustainability sciences to prevent
future epidemics.

Oto-Peralías (2020), in Spanish provinces, used geographical vari-
ables (latitude, longitude, average temperature and rainfall for the
months under study, average altitude and amplitude, insularity, coastal
province, distance from Madrid—the Spanish epicentre) and socio-
economic variables (GDP, population and age groups, density, urban ag-
glomerations, labour sector, flights, pollution) to explain the large dis-
parity of infected people (by number of inhabitants) between the
provinces and tried to determine if there is an indicator that could be
correlated. He found interesting correlations with temperature and dis-
tance from Madrid. The observed temperature correlation contradicts
hopes that the summer heat will stop the coronavirus, even if it mini-
mizes its transmission efficiency.

Mollalo et al. (2020), for the USA, used 35 explanatory factors, of
socio-economic (average income, inequality, unemployment,
insurance, etc.), behavioural (smoking), environmental (road density,
pollutants, air quality, temperature, precipitation), topographical (alti-
tude, altitudinal range, slope) and demographic (over 65 years, race,
sex, number of doctors and nurses, hospitals) attributes. These variables
were processed using a family of spatial regression and autoregressive
models. The authors conclude that environmental factors are not
shown to have a substantial influence on the incidence of COVID-19,
as is the case in other studies (e.g. Ma et al., 2020). However, a combina-
tion of four variables—average household income, income inequality,
percentage of nurse practitioners, and percentage of black women—
could explain a relatively high variability in disease incidence in the
continental United States.

2.3.2. Studies of the relationship between climate and COVID-19 to project
the virus's spread

The first projection of the global dispersion of COVID-19 was pro-
posed by Bogoch et al. (2020) in January 2020 from air passenger trans-
port, who identified Thailand, Taiwan, Japan and South Korea as the
main sources of dispersion. Additionally, taking into account previous
studies conducted to predict the spread of influenza (Viboud et al.,
2006; Lowen et al., 2007; Tamerius et al., 2011; Lowen et al., 2018)
and SARS-CoV (Tan et al., 2005; Casanova et al., 2010; Chan et al.,
2011) from climate variables, two publications attempting to predict
the potential spread of COVID-19 appeared in early March 2020. One
of them, with a global scope, considered the temperature at twometers
above the surface, relative humidity, specific humidity and absolute hu-
midity (Sajadi et al., 2020), and the other, with a national scope, using
data from the 100 Chinese cities with more than 40 cases recorded in
January, used air temperature and humidity (Wang et al., 2020).

Sajadi et al. found very different results to those reported by Bogoch
et al. (2020), since they identified that between March and April the
main areas at risk of virus dispersion were Manchuria, Central Asia,
the Caucasus, Eastern Europe, Central Europe, the British Isles, the
northeast and middle east of the USA, and British Columbia (Sajadi
et al., 2020), a result that agrees somewhat with the main areas of ex-
pansion of the virus at an international level.

Wang et al. found that high temperatures and high relative humidity
seemed to reduce the transmission of the virus, consistent with similar
behaviour reported for influenza transmission (Wang et al., 2020).

In late March, another paper appeared that explored the association
between deaths from COVID-19 and daytime temperature ranges and
relative humidity in Wuhan, the epicentre of the pandemic (Ma et al.,
2020). This paperwas the first to link recorded deaths to climate factors.

These three articles have marked different geographical approaches
to investigate the potential for distribution or affectation of the virus
using climatic factors at the global, regional/national and local levels.

During themonth of April, several works appeared analysing this re-
lationship between climatic factors and the virus's dispersion potential,
which can be grouped into three geographical approaches: global
(Hasan and Mahfujul Haque, 2020; Bariotakis et al., 2020), regional/na-
tional (Liu et al., 2020; De Ángel Solá et al., 2020; Ahmadi et al., 2020a;
Ahmadi et al., 2020b; Qi et al., 2020; Gupta et al., 2020) and local (Bashir
et al., 2020; Tosepu et al., 2020).
2.4. Data mining

Geospatial big data refers to spatial data sets exceeding the capacity
of current computing systems (Lee and Kang, 2015). Having informa-
tion on human mobility patterns from mobile phones, or the registra-
tion of global flight networks, is fundamental to epidemiological
modelling (Chen et al., 2020a; Chen et al., 2020b; Buckee et al., 2020).
Using big data, researchers can attempt to quantify the scale of an
event before it has occurred, thereby facilitating appropriate and timely
policies, at least for authorities willing to act on the data provided. Such
studies could help us to understand a pandemic's behaviour in terms of



1 https://geods.geography.wisc.edu/covid19/physical-distancing/
2 https://coronaisrael.org/
3 https://www.sidewalkwidths.nyc/
4 https://coronavirus.jhu.edu/map.html
5 https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html
6 https://multimedia.scmp.com/infographics/news/china/article/3047038/wuhan-

virus/index.html?src=article-launcher
7 https://elpais.com/sociedad/2020/04/13/actualidad/1586788600_290634.html
8 https://www.yomiuri.co.jp/topics/covid19/
9 https://www.lemonde.fr/les-decodeurs/article/2020/02/27/en-carte-visualisez-la-

propagation-mondiale-de-l-epidemie-de-coronavirus_6031092_4355770.html
10 https://www.bbc.com/mundo/noticias-51705060
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outbreak tracking, disease treatment and future vaccine manufacture
and distribution (Pham et al., 2020).

In the case of COVID-19, the disease is characterized by a long incu-
bation period, high infectivity, and difficulty in detection, which has
contributed to the rapid outbreak and development of the epidemic.
This situation has led to calls for GIS and big data technology to enable
rapid responses and analysis, rapid provision of information on the dy-
namics of the epidemic and anunderstanding of the rules of its develop-
ment to provide timely support for prevention and control decisions
and interventions (Zhou et al., 2020). In the case of China, Zhou et al.
(2020) point out that GIS has played a key role by rapidly aggregating
big data from multiple sources, quickly visualizing epidemic informa-
tion, spatially tracking confirmed cases, predicting regional transmis-
sion, spatially segregating epidemic risk and level of prevention,
balancing and managing supply and demand for material resources
and socio-emotional guidance and elimination of panic, which provided
strong spatial information support for decision making, formulating
measures and evaluating the effectiveness of prevention and control
of COVID-19 cases.

In relation to applied cases for COVID-19, Chan et al. (2020) used the
worldwide data that Google provided with (anonymous) mobility re-
ports of its users describing the changes in mobility for various geogra-
phies in different types of locations, including shopping and recreation,
supermarkets, shops and pharmacies, parks, transit stations,workplaces
and private residences. They propose to offer this information to the sci-
entific community for future research.

Zhou et al. (2020), using data from Chinese public institutions,
analysed the spatial representation of the disease, material, population
and social psychology on three scales: individual (spatial monitoring
of the epidemic and spatial-temporal mobility of those infected),
group (population flow and spatial distribution) and regional (spatial
risk segmentation, geographical supply and demand for medical re-
sources). The article highlights its innovative process for data acquisi-
tion through big data technology feeding into GIS.

For the USA,Warren and Skillman (2020) andGao et al. (2020) used
anonymous data onmobile device locations tomeasure populationmo-
bility by day. The resulting geospatial statistics were used to predict
levels of disease spread and evaluate the effectiveness of health policy
strategies for containment. Chen et al. (2020a) and Chen et al.
(2020b), on the other hand, developed amathematicalmodel that char-
acterizes infections by state and incorporates interstate traveller inputs
and outputs. Themodelling reveals that stopping interstate travel when
the disease is already widespread makes little difference—it is akin, to
use an old English proverb, to closing the stable door after the horse
has bolted. This model could also be used to determine the resources
needed before state policies on social distancing can be safely lifted.

Allcott et al. (2020), as mentioned in Section 2.3, analysed the rela-
tionship between the governing party in each U.S. county, social behav-
iour with respect to containment measures, and confirmed cases of
COVID-19. This paper used GPS data from SafeGraph, adding GPS
pings from numerous mobile applications to measure pedestrian traffic
patterns at a collection of points of interest: retail stores, restaurants,
cinemas, hospitals, and other locations. For each point, SafeGraph re-
ports its geographic location and the total number of visitors.

Social network data is also being used to measure and understand
the geographic structure of social networks (Bailey et al., 2018). Partic-
ularly in thework of Kuchler et al. (2020), mentioned in 2.3, the authors
claim thatmeasuring the geographic structure of social networks can be
useful for epidemiologists in predicting the spread of communicable
diseases, as they presented in their study in Westchester County (NY,
USA), and the Lodi municipality (Lombardy, Italy).

2.5. Web-based mapping

Web map viewers are playing a very important role in the dissemi-
nation and provision of (official) information on COVID-19. They are
very effective for the spatial representation of the pandemic and its evo-
lution, both for specialised and non-specialised Internet users. Boulos
and Geraghty (2020) reviewed the different web mapping applications
on COVID-19 available in January and February. Since then, more
viewers have been created; each country has its own viewer, often
with detailed information at the provincial or local level. Themes have
also become more diversified, as in three cases: a map of changes in
population mobility in US counties,1 a map of information from Israeli
population surveys,2 and a map of New York City sidewalks indicating
their suitability for social distancing.3

However, themostwidely referenced viewer, the onewith themost
international information compiled, and the first to go online out is that
of Dong et al. (2020), from John Hopkins University.4 Numerous papers
reviewed here have used their information or cited them (Ahmadi et al.,
2020a; Ahmadi et al., 2020b; Buzai, 2020; Desjardins et al., 2020;
Kuchler et al., 2020; Mollalo et al., 2020; Padula and Davidson, 2020;
Sajadi et al., 2020a). Several media outlets around the world also refer
to this platform. Numerous subsequent national viewers, generated
for their respective territorial domains, have been based on Dong et al.
(2020), following their web design and the ArcGIS online platform
and its map bases. Regarding this last point, in relation to the webmap-
ping platforms available for the visualization of geographic information,
it is worth mentioning that other works used free platforms such as
openstreetmap (Iacus et al., 2020; Rossman et al., 2020; Minetto et al.,
2020).

The newsmedia also are constantly usingmaps to present COVID-19
information to their audiences. International, national and local news
organizations are developing their own personalized maps with inter-
national information, plus information corresponding to their country.
Powerful media outlets mapping their information include The New
York Times,5 South China Morning Post,6 El Pais,7 Yomiuri shimbun,8 Le
Monde,9 and the BBC,10 all of which have their sections highlighted
with eloquent interactivemaps and graphics, and receive large numbers
of daily visits.
3. Discussion

These days, a geographical axiom has been alluded to which, para-
doxically, does not apply to the COVID-19 pandemic: “all objects (on
the earth's surface) are related to each other, but the relationships are
more intense with the closer objects than with the more distant ones”
(Tobler, 1970: 236). The falsification of this axiom indicates the need
to adapt it to today's interconnected world. Already in 2015 Escolano
modified the axiom as follows: “all objects (on the earth's surface) are
related to each other, but the relationships are more intense among
the better connected objects regardless of their proximity” (Escolano,
2015: 51). For the current case of COVID-19, Kost (2020) states that “ev-
erything is related to everything else, and mobility compresses spatial
things” (Kost, 2020: 9), or, in the words of Giuliani, “the phenomenon
external to an area of interest affects what goes on inside” (Giuliani
et al., 2020: 3). Tobler's (1970) premise, although effective in its mes-
sage and true in some senses, does not conform to the geography of
the 21st century.

https://geods.geography.wisc.edu/covid19/physical-distancing/
https://coronaisrael.org/
https://www.sidewalkwidths.nyc/
https://coronavirus.jhu.edu/map.html
https://www.nytimes.com/interactive/2020/world/coronavirus-maps.html
https://multimedia.scmp.com/infographics/news/china/article/3047038/wuhan-virus/index.html?src=article-launcher
https://multimedia.scmp.com/infographics/news/china/article/3047038/wuhan-virus/index.html?src=article-launcher
https://elpais.com/sociedad/2020/04/13/actualidad/1586788600_290634.html
https://www.yomiuri.co.jp/topics/covid19/
https://www.lemonde.fr/les-decodeurs/article/2020/02/27/en-carte-visualisez-la-propagation-mondiale-de-l-epidemie-de-coronavirus_6031092_4355770.html
https://www.lemonde.fr/les-decodeurs/article/2020/02/27/en-carte-visualisez-la-propagation-mondiale-de-l-epidemie-de-coronavirus_6031092_4355770.html
https://www.bbc.com/mundo/noticias-51705060
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From the reflections in this review, we posit that, in order to face
COVID-19, it is necessary to approach the issues from an interdisciplin-
ary perspective, with proactive measures, international solidarity and
collaboration, and a global perspective (from De Ángel Solá et al., 2020

; Coccia, 2020; Holmes et al., 2020; Segal et al., 2020). Unfortunately,
at the political level, contradictions have emerged and been reported in
themedia, particularly where pundits and analysts acritically accept the
inherent conflict between economic interests and public health. For ex-
ample, in an international case, US companies are demanding Mexico
exercise greater laxity in its preventivemeasures so that the commodity
chains of US companies dependent on workers in Mexico's maquila-
doras are not disrupted (Hernández Navarro, 2020; Corchado and
Olivares, 2020).

The generation of information is one of the keys to confronting
COVID-19. There are proposals worth mentioning, such as the interna-
tional consortium Coronavirus Census Collective11 (Segal et al., 2020)
where they are integrating information from multiple sources, includ-
ing surveys, diagnostic laboratory test results, geospatial statistics, and
real-time data. These efforts will likely be referenced in future events,
just as we are currently building on previous pandemic work.

COVID-19 as an object of study is a thematic polyhedron where geo-
graphical variables are present in several of its facets. An important part
of the study of the COVID-19 pandemic is based on geographical data,
which are then processed through GIS and spatial statistical tools. But
the most pressing issue is that these studies contribute to better social
mobilization, decision-making, and planning, especially by helping to:

- provide a large number ofmethods on the dynamics of spatial trans-
mission that enable effective feedback to public health officials, deci-
sion makers, and affected communities (Desjardins et al., 2020);

- improve estimations of the number of infections, detection of possi-
ble new outbreaks, and thus facilitate more successful interventions
in public health (Coccia, 2020);

- improve the locations of health services and controls, points of care,
and facilitate access, which translates into an improvement in pa-
tient outcomes, time, and material resources (Kuupiel et al., 2020);

- understand and map human movement, and formulate appropriate
scientific, policy, and social measures (Chan et al., 2020; Mollalo
et al., 2020); and

- predict the spatial spread and temporal trends of the outbreak,
which is essential for health services (Giuliani et al., 2020).

Regarding the last point, we expect that the future will bring a
greater volume of information, with geospatial data increasing at least
20% each year (Lee and Kang, 2015), and hopefully increased accessibil-
ity. GIS developers must work towards opening up their online applica-
tions, and designing software applications that operate with big data in
a user-friendly way while responding to privacy and other social con-
cerns, more than is currently the case. For data integration, historical
data tracking and dynamic mapping of spatial-temporal variables at
multiple scales would be invaluable (Zhou et al., 2020).

Predictive modelling is becoming one of the vocations of spatial-
temporal analysis, mainly referring to climate analysis and its effects
on the expansion of COVID-19. As the pandemic has developed, more
complex and refined predictive models of virus spread have also been
generated. At a global level, there is a very important jump from the
work of Wang et al. (2020), which used two variables—air temperature
and relative humidity—to thework presented by Bariotakis et al. (2020)
in which 19 bioclimatic parameters were analysed. Sophisticated works
with more accumulated variables (Mollalo et al., 2020; Baker et al.,
2020) conclude that, although the climate and geography are factors
that can modulate the transmission of SARS-CoV-2, these are not deter-
mining factors in the trajectory of the pandemic.
11 https://coronaviruscensuscollective.org
In terms of nation-states, both as objects of study and the places of
origin of the authors, China and the USA have carried out themost anal-
ysis on their territorial domains, especially in relation to big data—al-
most all the papers come from there. In the rest of the categories,
many Chinese papers have been oriented towards spatial-temporal
analysis under different statistical models, and those from the USA, on
the other hand, have a greater emphasis on inter-disciplinary analyses.
The intervention of other countries in GIS studies of COVID-19 has been
extended as it has evolved chronologically. Iran, Israel, South Africa,
Australia, Brazil, South Korea, Italy, Spain and India could represent
this second grouping, with more than one work.

Although valuable work has been done in Africa (Gibson and Rush,
2020; Kuupiel et al., 2020), Latin America and the Caribbean (De
Ángel Solá et al., 2020; Buzai, 2020) and in South Asian countries
(Sarwar et al., 2020), work here is clearly insufficient. COVID-19 is full
of many unknowns, and in these regions of theworld intersecting social
issues couldmultiply the effects of the pandemic. Health geography that
uses GIS to respond to needs at the local, neighbourhood and village
level, is shown to have a very strong applicability. We believe that re-
search in health geography should be expanded in terms of topics and
areas of study, for its ability to map health infrastructures and their ac-
cessibility, and for territorial planning in terms of location and allocation
of health services (Cicalò and Valentino, 2019). We suggest that re-
search in health geography and COVID-19 has the potential to be ap-
plied in more subjects and in more regions of the world that need
studies of this type. In short,more experiences are needed in this regard.

The management of public space in cities after the pandemic is an-
other of the great challenges that we will face in the near future
(Honey-Roses et al., 2020). In addition to the spatial analysis applica-
tions summarized in this work, participatory GIS is seen as a very useful
application in post-coronavirus urban planning, through the inclusive
participation of the population that inhabits these places. Such an appli-
cation is helpful in identifying which spaces are social priorities,
context-sensitive place-based information, social sustainability and so-
cial, economic and environmental dynamics that affect a specific com-
munity (Samuelsson et al., 2020).

With regard to access to information, the availability of information
from the WHO, public institutions in different countries, the JHU and
large platforms such as Google, Baidu or Facebook, who have made
their information available to the public, is proving to be fundamental
to the proliferation of academic work and efforts to coordinate re-
sponses to the outbreak. It is important to note that 76% of the works
consulted have used official data on SARS-CoV-2 infections. In addition,
20% have used information data mining obtained from cell phones
(geolocation, payments, points of connection), flights or social net-
works. To a lesser extent, 10% of the works have been based on the
socio-economic characteristics of the population and its urban struc-
ture, and some specific cases that have worked through polls, participa-
tory GIS and satellite images (Table 1).

Regarding software, for GISmore than half of the works that refer to
the software used mention ArcGIS, followed by R, QGIS, Kosmo and
GeoJSON. For statistics, those referred to are R, SPSS, ERA5, WinBUGS,
Geomathematics and SaTScan.We expect that GIS development will in-
crease, both for private platforms and free ones.

Thewebmap viewers appear to have been successful at disseminat-
ing information to the public and specialists, becoming a tool that im-
proves data transparency and helps authorities to communicate
important information and generates greater sensitivity in public opin-
ion (Cicalò and Valentino, 2019; Boulos and Geraghty, 2020). Many
countries have their own viewerswithin their official websites. As a crit-
icism, we could comment that some are unnecessarily complex and not
very intuitive, and in others it takes too long to load the cartography,
which causes the tool to lose effectiveness. Behind this comment lies
the observation that web map viewers are becoming a fad that, in
some cases, is unnecessary where a static image at an appropriate reso-
lution could work perfectly well to communicate spatial information.

https://coronaviruscensuscollective.org
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Regarding cartographic design, as already noted in February (Field,
2020), we continue to identify cases with inadequate use of COVID-19
information in their maps, due to the incorrect use of choropleth the-
matic mapping technique, conformal projections where the area is a
datum considered in the interpretation of the information, or the dis-
pensable use of 3D tools. Ultimately, a map is only as helpful as the
data, assumptions, representations and interpretations that go into it.

4. Conclusions

This work is an addition to recent reviews on COVID-19 that offers a
geographical perspective. It is a compendium that identifies the themes
and analyses that are being carried out with GIS and spatial-statistical
tools. We believe that compiling this information can streamline efforts
for future,more effective bibliographic inquiries. It can also serve as sup-
port for the evolution in the use of these tools in the following months
and inspire new reflections for the readers, connecting between themes
and tools.We have delimit a state of the art fivemonths after the start of
the phenomenon, where eachweek seems like a year on a human scale.

To date, spatiotemporal analysis and disease mapping, health and
social geography, environmental variables, data mining, and web-
based mapping have been the most recurrent topics.

COVID-19 studies with GIS could be valuable tools in decision-
making and, more importantly, social mobilization and community re-
sponses. Health geography also has a critical social perspective that is
highly relevant, so that political decisions can be accountable to all sec-
tors of society, hopefully minimising the regularity with which
marginalised populations are sacrificed or left unprotected.

Understanding the spatial-temporal dynamics of COVID-19 is critical
to its mitigation, which is why such work is being done in all regions of
theworld. This is due in large part to the opening up of large volumes of
information by public institutions, international organizations and pri-
vate companies with geospatial information.
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