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Abstract

This paper was born as a joint discussion about the possible use of GIS for tackling health emergencies in
cases of infectious diseases and pandemic. After providing some considerations regarding the COVID-19
sanitary and epidemiological aspects and implications, we underline and discuss some GIS applications
produced to support the emergency phases and representing and sharing data in some continuously updated
dashboards and becoming reference elaborations. In particular, the need for the development of rigorous
GIS systems for pandemic response is highlighted and some recommendations for recording a notable add-
ed value are expressed, with a first reference to a set of applications focused on the United States. Other
considerations, deriving from the experience that we have actively had working in Italy, are then focused
on the need to elaborate detailed models of spatial and temporal diffusion in a GIS environment, according
to ad hoc data, and digital flow (or route) maps, based on data tracking, with the aim to save human lives.
For this purpose, some thoughts are expressed on the importance of finding the way to overcome a number
of difficulties due to the management of sensitive data and privacy aspects, guaranteeing appropriate confi-
dentiality.

Keywords: COVID-19, Dashboards, Data Tracking, Geocoding, GIS Applications and Models, Pandemic,
Spatial and Temporal Diffusion

Huanan Seafood Wholesale Market, even if
there were also subjects affected that were not
exposed to the market (Lu et al., 2020)

The Chinese Health Authority informed the
WHO of this outbreak only on 31* December

1. COVID-19 sanitary, epidemiological
and geotechnological considerations

The 8™ December 2019 is the day when cases
of atypical pneumonia of unknown aectiology

started to be reported in China, Wuhan City,
Hubei Province. Many of these cases were peo-
ple who worked or lived around the local
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2019 and on January 9" a novel coronavirus, lat-
er named SARS-CoV-2 (severe acute respiratory
syndrome coronavirus 2), was first isolated by a
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throat swab of a patient (Hui et al., 2020).

Despite all the efforts made by the Chinese
health authorities to contain the outbreak in Hu-
bei Province, the virus spread first to other parts
of China and then worldwide until the WHO an-
nounced the COVID-19 outbreak a pandemic on
12™ March 2019. Two and a half months have
passed since that day, and today 27" May there
are 5,728,020 confirmed cases of COVID-19
and 353,660 deaths worldwide.

Initially, given the mode of transmission of
the disease (through droplets) and the scarce
knowledge of the severity of the disease, the ep-
idemiological debate immediately focused on
whether a strict social distancing should be en-
forced to reduce the risk of infection or whether
the virus could be allowed to spread in the popu-
lation so as to achieve a herd immunity that
would extinguish the epidemic. As the number
of cases increased in European countries (Italy
was the first country in Europe to tackle
COVID-19 cases and isolate the virus) and in
the USA, most of them opted to impose draconi-
an measures to mitigate the spread of the virus
and reduce the impact on health care systems
and in particular on hospitals which were strug-
gling to provide care for the many patients with
severe pneumonia who needed specialized inten-
sive care. These measures, mostly addressed by
epidemiological studies based on data from Chi-
na and high-income countries predicting cata-
strophic scenarios in the absence of policies
aimed at mitigating or suppressing transmission
(Walker et al., 2020), have been implemented in
different ways in European countries, from total
lockdown in Italy to semi-closure in Sweden and
in the United States. The main goal was to re-
duce the basic reproduction number of the infec-
tion, the so called R, (i.e. the expected number
of cases directly generated by one case in a pop-
ulation where all individuals are susceptible to
infection). The temporary closure of most stores,
offices, schools and the activation of smart
working and distance learning seem to have had
an effect while pushing countries into an un-
precedented economic recession due to the lock-
down measures. At present, in order to reduce
economic impact, most countries have opted for
a reopening of activities, given the results
achieved in terms of reducing contagions, ready
to close again if contagions increase beyond the
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safe threshold. This alternation of opening and
closing will probably continue until we have a
medical solution to the problem. The magic bul-
let would be an effective treatment or a vaccine
whose availability however is not expected be-
fore 2021.

In this scenario, it seems more fundamental
than ever to have systems available that allow
the tracing of cases and the almost real-time de-
tection of epidemic outbreaks that allow their
rapid control and extinction. In some countries,
case tracking has taken advantage of new tech-
nologies that have allowed the use of web-based
health applications with different purposes:
monitoring of the epidemic, tracing, or tracking
of one’s own movements (Vokinger et al.,
2020). These “apps” involve the acquisition and
use of personal data and seem to have had some
success in countries with less stringent privacy
legislation (COVID-19 National Emergency Re-
sponse Center, Epidemiology & Case Manage-
ment Team, Korea Centers for Disease Control
& Prevention, 2020). In other countries, howev-
er, the use of apps has been faced with privacy
issues that have hindered their full use so far.
From a privacy perspective, the collection of da-
ta through digital devices is extremely sensitive,
for which robust privacy safeguards are of par-
amount importance (Vokinger et al., 2020).

Despite the privacy issues, concerning which
considerable efforts are being made to over-
come, the importance of using GIS technology
to obtain spatial information on the degree of
spread of the disease and its evolution in real
time is striking in the eyes of the scientific
community. When the epidemic began to spread
around the world, the use of dashboards became
crucial to move information faster than the ad-
vance of the virus. However, GIS technology
can be very useful in providing health profes-
sionals with a wide range of information. First,
the use of real-time case mapping can allow the
early detection of new oubreak sources and iden-
tification of spatial boundaries to allow con-
finement. Second, the use of GIS combined with
satellite technology can prove to be of great help
in times of emergency to identify specific sites
for the construction of hospitals, as was done for
example in China. Third, the detection of public
events with high risk of concentration of people,
an event much feared for the high risk of trans-
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mission of the disease, can be implemented in
real time and could become an effective surveil-
lance system to reduce the re-ignition of out-
breaks (Kamel Boulos and Geraghty, 2020).

The use of the most advanced GIS technolo-
gies is undoubtedly a very useful tool to guide
choices in times of emergency, but it should be
taken into consideration to guide choices in the
health sector even in peacetime.

2. GIS in the Time of the COVID-19
Crisis

Around the world, the GIS community is re-
sponding, collaborating, and sharing approaches,
models, apps, and data in response the COVID-
19 crisis. GIS is being used to map the spread,
locate vulnerable populations, visualize hospital
capacity, engage the public, forecast impacts,
design interventions, and communicate effec-
tively. This effort is helping to save lives; pro-
tect workers; and provide evidence-based mod-
els for safety measures like social distancing,
business closures, and travel restrictions.

Pandemics, and COVID-19 in particular, are
uniquely spatial. Their geographic spread over
time is precisely what must be seen, controlled,
and ultimately stopped. GIS is one of the great-
est tools that we have to make a difference in
this fight.

In response to COVID-19, GIS teams are
standing up dashboards and other applications.
Supported by web services, these applications
enable surveillance and planning for logistics,
operations, mitigation, and near real-time
awareness. Interactive, online dashboards en-
gage communities, inform the public, and facili-
tate collaboration within and among agencies.

The Johns Hopkins University coronavirus
dashboard developed by the University’s Center
for Systems Science and Engineering (Figure 1)’

' “The dashboard, first shared publicly on Jan 22,
illustrates the location and number of confirmed
COVID-19 cases, deaths, and recoveries for all
affected countries. It was developed to provide
researchers, public health authorities, and the general
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— and other related applications (Figures 2-4) —
includes an interactive map with the number of
confirmed infections, fatalities, and recoveries,
and where they happened in near real time.

Graphs detail the progress of the virus over
time. Viewers can also see the day and time of
the most recent data update and review the data
sources used to produce the dashboard.

Five authoritative sources selected by Johns
Hopkins for the effort include the World Health
Organization, the Centers for Disease Control
and Prevention, the National Health Commis-
sion of the People’s Republic of China, the Eu-
ropean Centre for Disease Prevention and Con-
trol, and the online medical resource DXY .cn.
The Johns Hopkins dashboard provides links to
these authoritative sources where viewers can
learn more.

Web services allow GIS users to easily ingest
and display disparate data inputs without having
to host or process the data centrally. This eases
data sharing and speeds the aggregation of in-
formation for improved understanding.

Other notable dashboards include those de-
ployed by the World Health Organization
(WHO), the US Federal Emergency Manage-
ment Agency (FEMA), the American Red Cross,
and a plethora of countries, regions, US states
and cities. Hospitals are also standing up dash-
boards and using them extensively to monitor
the virus alongside bed capacity and resource
inventories such as ventilators and personal pro-
tective equipment.

GIS-based modeling is also crucial to
COVID-19 response. Penn Medicine’s Predic-
tive Healthcare Team adapted the susceptible,
infected, and recovered (SIR) mathematical
model, to create a new model it calls CHIME
(COVID-19 Hospital Impact Model for Epidem-
ics)’. The CHIME model provides up-to-date es-
timates of how many people will need to be hos-
pitalized, and of that number how many will

public with a user-friendly tool to track the outbreak
as it unfolds” (Dong et al., 2020, p. 1).

* All the dashboards here shown have been taken on
8™ May 2020. For a wide framework see the
“COVID-19 GIS Hub”:  https://coronavirus-
disasterresponse. hub.arcgis.com/.

? For insights see: https://penn-chime.phl.io/.
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need ventilators. It also factors social distancing
policies and how they might impact disease
spread”.

Public health administrators, hospital admin-
istrators, and government authorities from
around the world have been quick to recognize
the need for forecasting models, like CHIME, to
guide public policy and plan hospital response.

Bringing such models into a GIS adds great
value. By integrating with the data sources that
drive a model, GIS provides the means to visual-
ize a problem geographically and tie model out-
puts to solutions designed for immediate action.

Within GIS, users can drill more deeply into
specific geographies to see model outputs along-
side other spatially varying data — such as senior
populations or communal living places which
are more vulnerable — to explore what the model
results mean for people and places. This ap-
proach also fuels the next question, which is,
“where and when should resources be augment-
ed to meet the demand?”. Tools such as loca-
tion-allocation can guide these decisions and
make sure demand is met as effectively and eq-
uitably as possible.

Incorporating CHIME and other forecasting
models within GIS directly supports discussions
within Emergency Operations Centers where
model outputs can be shared on large screens to
guide collaborative planning discussions. Then,
when decisions about what actions to take are
made, GIS provides the means to push data and
directives into map-driven apps and solutions
first responders use in field work.

For emergency response and other essential
functions, GIS has long been a standard. It sup-
ports the creation of data-driven maps and other
visualizations, construction of models to analyze
geographic processes, and solutions that guide
workers in the field. GIS users around the world
are applying these capabilities to a number of
different COVID-19 activities to improve health,
safety, and economic outcomes.

* See for example: Weissman et al., 2020.

Copyright© Nuova Cultura

GIS professionals can help their organizations
understand and predict at many different scales.
Modeling and analytics are a central part of this
work—Tlooking at patterns, modeling predictions,
and performing site selection.

Location information can also help respond-
ers understand the impact of interventions. Offi-
cials can use GIS maps to see whether certain
actions have changed the virus’s spread among
specific populations or locations. Disease distri-
bution maps display cases and show changes to
counts and rates across time. By visualizing the
intensity of infections, health care professionals
and policy makers can confront difficult deci-
sions about ramping up or dialing back control
measures.

Monitoring and even simulating interventions
based on other approaches may help quell the
infection rate. For policy makers and emergency
responders, maps are one of the most efficient
ways to communicate, assess, and understand
the scope and scale of unfolding events. A care-
fully crafted map can make the difference in al-
locating resources while keeping the public in-
formed. The science and evidence-based under-
pinnings of GIS maps also serve to suppress
misinformation.

GIS provides many capabilities to make the
most of limited resources in order to safeguard
community health. Evolving cloud and online
services support GIS capabilities and innova-
tions for scientific analysis and strategic plan-
ning in health emergencies, drawing on the
power of GIS language (Dangermond and Pe-
saresi, 2018).
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Figure 1. COVID-19 dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins
University (JHU). This screenshot shows the cumulative confirmed cases in the different countries of the world.
Source: https://coronavirus.jhu.edu/map.html.
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Figure 2. COVID-19 surveillance dashboard (Biocomplexity Institute, University of Virginia). This screenshot
shows the number of recoveries in the different countries of the world (the timeline at the top of the elaboration
makes it possible to see the data evolution). Source: https://nssac.bii.virginia.edu/covid-19/dashboard/.
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Figure 3. COVID-19 United States cases by county (Johns Hopkins University). This screenshot shows the con-

firmed cases by population per U.S. county.
Source: https://www.arcgis.com/apps/opsdashboard/index.html#/409af567637846e3b5d4182fcd779bea.

Esri Maps for Public Policy
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Figure 4. Esri map for public policy. This screenshot shows the distribution of the most socially vulnerable popu-
lations per counties in the U.S. Source: https://livingatlas.arcgis.com/policy/browse/?loc=-
96.96,39.64,5&c0l=45e6bb0c0960449¢b29031£590af9a59,88f17b4580e846609192c9f75a9d9¢eee,2c8fdc6267e44
39e968837020e761813,48638a1be455429287d6756985013910,022a82293e2dd475391¢cb3699b5e82d61,d89¢527
f2e6b4d658db0948ea9d49cd9,48a70b524601428ba297¢3106b751401,be559110b5¢34591b1a767fbb807bcbf,e0
427fbc472f4a45b7d94d182a5¢9591,142e65436bed4063973380feac6ed248,f9a130f43abb404{bdffefa8fSecOed!
&viz=2c8{dc6267e4439e968837020¢7618{3 &hs=0.
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3. Casting a glance at the future in a
geographical and interdisciplinary
perspective

In this period of the COVID-19 crisis, rele-
vant support activities to the sanitary and epide-
miological studies have been provided by geo-
technological applications and interdisciplinary ap-
proaches.

In particular, in the scientific research and
planning of strategic healthcare activities and
decision making, GIS has been used in different
modes to map the COVID-19 widespread, both
in terms of spatial and temporal distribution and
diffusion. Many useful elements have emerged
from the geographical, geospatial and geostatis-
tical analysis and specific applications have pro-
vided notable added value for the interpretation
of the dynamics, trends, patterns and clusters
and for the supporting of healthcare planning
and activities. The potentialities of similar appli-
cations have also increased thanks to the synergy
with the web which is able to share and spread
data and information.

In terms of scientific argument, the dialogue
among the experts of different disciplinary sec-
tors has enriched the possibility of discussing the
risk factors, meteorological and pollution influ-
ences, territorial discrepancies, different systems
of health management, the repercussions of so-
cial and demographic data, the implications of
people and goods flows on global scale. In these
cases too, the possibilities to use software and
geo-technological programs have helped to sim-
ulate and estimate effects, impacts and relation-
ships and the recourse to data and dashboards
which are updated daily and available on the
web has made it possible to discuss at a distance
debating hypotheses and possible actions.

In this critical situation, this has shown the
importance of having ad hoc data in real time
and that the capacity of hospitals and emergency
departments has been put under extreme stress
(often causing the collapse of single facilities),
and it has practically been made clear that:

- GIS improves and refines the overall capabil-
ity of information technologies to enhance
public safety and an efficient response to
health emergencies and, therefore, it is logi-
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cal to apply GIS to support disease surveil-
lance and disaster preparedness in the hospi-
tal and healthcare sectors (Skinner, 2010, p.
2);

rapid epidemic detection is a key objective of
surveillance to make a timely intervention
possible, but data should be quickly availa-
ble, that it is to say within the required time
frame for incisive and effective epidemic
control, and the increasing volumes of data
on the web have prompted interest in meth-
ods that could support rapid epidemic intelli-
gence (Yan et al., 2017, p. 77);
geoinformatics and geographical mapping, in
a harmonic and performing GIS environment,
can play an essential role in the study and
control of global outbreaks with particular
reference to severe infectious diseases which
represent a serious menace for public health
(Kamel Boulos, 2004, p. 1);

the synergy between GIS elaborations and
statistical methods can have a notable rele-
vance in the analysis of the observed start,
peak and decline of an infectious disease,
above all grouping and disaggregating data at
different geographical scales and working ac-
cording to an adaptable approach able to im-
prove local level epidemic intelligence (Mus-
catello et al., 2019, p. 1307);

reflexive mapping of the contagious can help
to better understand and contextualize differ-
ent aspects and variables, from the localisa-
tion of the phenomenon, to the importance of
its territorial dimension, from its social reper-
cussions, to its interpretative complexity
(Casti and Adobati, 2020);

systems of Epidemic Intelligence (EI), con-
ceived as proactive processes for identifying
neuralgic information about emerging infec-
tious diseases (and outbreaks) which can af-
fect global human morbidity and mortality,
recover a central position for integrating
technologies, indicator-based and event-
based components to protect communities
from public health risks and emergencies
(Wilburn et al., 2019, p. 146);

the infectious disease threats are far from
over and they should be contained with lower
magnitudes of risks and loss to human life
and social components; therefore it is neces-
sary to invest in building up people-centric
health systems, to support a reliable early
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warning, alert and response system, and to
mount a transparent and well tested contain-
ment measure system (Chatterjee et al., 2020,
pp- 154-155).

Since it cannot be excluded that a new epi-
demic-pandemic will happen in the coming
years (Hick and Biddinger, 2020, p. 3), it is nec-
essary to operate in the perspective of further
emergency preparedness, both planning some
sanitary measures and precautions that can rap-
idly and effectively hinder the diffusion and im-
pact of infectious disease, and going beyond
some limitations that have been ascertained dur-
ing the COVID-19 crisis.

From a geo-technological and applicative
point of view, one of the main problems has
been, for example in Italy but also in other EU
Member States, the lack of a system able to
share fundamental detailed data, capable of sup-
porting many GIS functionalities which could
provide a very important added value in the
framework of a geographical screening. Privacy
restrictions and the impossibility for scientific
committees, also in the case of specific requests,
to have sensitive data (to manage with the guar-
antee of confidentiality) — concerning incidence,
mortality, persons who have been tested positive
etc. for address of residence (or domicile) — have
not made it possible to use very useful function-
alities and tools in a GIS environment, as for ex-
ample geocoding with which to support the
elaboration of models of spatial and temporal
diffusion for territorial screening. Similar func-
tionalities would be able to highlight fundamen-
tal details and facets, moving a magnifying glass
over the different zones and similar applications
would be of considerable utility for epidemio-
logical and sanitary actions and a hierarchy of
priorities. In situations of severe health emer-
gencies, where several hundreds (or sometimes
more than a thousand) of people die every day
in various countries, it does not seem reasonable
to not communicate data that opportunely elabo-
rated could contribute to saving human lives.
Therefore, a rigorous system of data sharing
with high specific guarantees of confidentiality
in data management and processing seems an
essential goal to greatly increase the capacity of
the scientific community in providing precious
information, also involving researchers such as
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geographers in the crucial analysis and decision
making in an important role.

For example, the application of an accurate
geocoding on the data regarding the persons who
have been tested positive for place of residence
(or domicile) and the elaboration of related digi-
tal dot maps would make it possible to identify
the arecas with a high concentration of cases,
providing a very useful instrument for detailed
analysis. The update and implementation of the
model with the data in progress and the aggrega-
tion of the data i.e. for census sections or the use
of specific functions, as for example Kernel
Density, would help (maintaining confidentiali-
ty) to identify patterns, clusters and trends, creat-
ing a system of dynamic elaborations with pre-
cious multifaceted inputs for epidemiological
and geographical studies and investigations’.

Some recent works, studying COVID-19, have
had the aim of:

- discussing a GIS technology for simulating
disease outbreaks which can analytically
shows realistic case distributions, and be easily
adapted to represent different cases geoloca-
tions and distributions, in connection with out-
break detection algorithms and models (Sarwar
etal., 2020, p. 6);

- examining the relationship between numerous
and different potential key variables (environ-
mental, socio-economic, demographic etc.) and
the COVID-19 incidence rate (considered as
the dependent variable) to define an explanato-
ry GIS-based spatial modeling (Mollalo et al.,
2020);

- identifying and monitoring the spatial and
temporal patterns and trends, eventual abrupt
changes in the time series of daily new con-

> Some inputs and evidence in this perspective have
been recently underlined with the re-elaboration of
John Snow’s map in a GIS environment, also with
the aim of showing the relevance, the possible added
value and the possible transferring of methodological
and applied models, based on detailed data, to other
situations of health emergency (Pavia et al., 2019).
This work has for example evidenced how by using
and elaborating the address data concerning deaths
due to a disease, it is possible to obtain a series of
benefits and information in terms of high/low con-
centration, dynamics and diffusion.
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firmed cases, according to nonparametric sta-
tistical methods and geographical analysis
methods (Yang et al., 2020);

- recording and geocoding data (sometimes in-
cluding symptoms, travel history, and dates of
onset, admission and confirmation) to produce
useful information able to support the emer-
gency surveillance through an interactive web
application that automatically shows the up-
dated data and results (Xu et al., 2020).

Other problems and difficulties, which rapid-
ly slow down solutions and models, always due
to privacy aspects and data management, con-
cern systems of data tracking® and possibilities
to elaborate digital flow (or route) maps, that in
a future perspective would require a common
decision and an already tested official app and a
GIS environment of implementation, elaboration
and analysis.

These issues are attracting considerable in-
ternational attention and becoming paramount as
testimony of the interesting initiative organised
on April 24™ 2020 by the Arizona State Univer-
sity’s Spatial Analysis Research Center (and
particularly by Trisalyn Nelson) in the form of
ONLINE: Conversation on contact tracing in the
time of COVID-19. In fact, as underlined in the
presentation’:

New technologies are rapidly being developed
with the purpose of digital contact tracing in
response to the fight against COVID-19. As
decision-makers and health professionals con-
sider how technology can be used to protect
public health and minimize social and eco-
nomic impacts, there are many things to con-
sider. Arizona State University’s Spatial
Analysis Research Center will bring together
geospatial experts in an online conversation
about the technical and ethical issues of digital
contact tracing, with the purpose of answering
questions about the accuracy of cell phone
GPS data, how social media can be used for

5 For a recent overview and guidelines towards a
common solution see for example the document
“Mobile applications to support contact tracing in the
EU’s fight against COVID-19 Common EU Toolbox
for Member States” by eHealth Network, dated
15.04.2020 (https://ec.europa.eu/health/sites/health/
files/ehealth/docs/covid-19 _apps_en.pdf).

7 https://sgsup.asu.edu/online-conversation-contact-
tracing-time-covid-19.
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tracking, looming privacy issues, as well as
questions brought forth from the audience dur-
ing a Q&A session.

It is hoped that if there are new and serious
health emergencies, starting from the lessons re-
lated to the COVID-19 crisis, national and inter-
national systems will have the strategic actions,
tools and models ready and clear whereby to ad-
equately tackle the problems and monitor infec-
tious disease widespread.

After all, in the light of the advanced and
swirling stage of technological intervention, a
pandemic response requires not only a sanitary,
medical and epidemiological response. It needs
to profitably link different types of technologies,
and the COVID-19 response has shown an ex-
tensive use of different technologies connected
to medical applications and analysis (Shaw et
al., 2020, p. 10).

In this perspective, in the fight against
COVID-19 and other possible pandemics, GIS
and open data must play an essential role, in-
volving (Zhou et al., 2020, p. 77):

- the rapid elaboration and analysis of multi-
source data;

- fast communicative visualization of pandemic
information with different levels of detail,;

- the spatial tracking of people testing positive
and paucisymptomatic;

- the prediction of regional and local transmis-
sion;

- the analytic modeling concerning exposure
risk;

- the distribution and organization of the sani-
tary devices and specific resources;

- the support for social-emotional aspects and
panic elimination;

and all these providing rigorous geographical in-
formation for surveillance and prevention and to
support logistics platforms and decision making.
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