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Abstract: The paper presents an ongoing project devoted to the study, the analysis and the representation of 

epidemiological data related to CoViD-19 spread in the territory of the Province of Trento (Italy), both for scientific and 

communication purposes. In this broader context, the construction of a digital cartography tool as a WebGIS to allow 

local communities understanding of epidemiological spread is presented. Data have been supplied by the local Provincial 

Health Authority; statistic have been processed in order to develop municipality scale vector polygonal coropleth and 

point maps in order to show affected, health and death rate distribution. A timeline allows the representation of changes 

and dynamics from Spring 2020 to the current date. The database provides “on-the-fly” data to the production scripts of 

maps and time charts. These scripts querying the database produce a geographic file in the geojson standard interchange 

format. This file is read by the javascript scripts based on the leaflet libraries for the production of the final maps. In a 

similar process, scripts based on the chart.js library produce the graph of the data temporal variation, automatically reading 

dates and interval time of analysis. A custom procedure was developed to allow the periodic update of the dataset. New 

information is added to the database by uploading an external spreadsheet. The study presents the methodology to develop 

and assess the WebGIS for managing, visualize and analyse Coronavirus diffusion. Future implementation of the WebGIS 

will expand the used data and allow the comparison with social and environmental factors.  
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1. Introduction 

In December 2019 a severe human respiratory disease, 

afterwards named CoViD-19, emerged in China (Lu et al., 

2020), and rapidly became the worst planetary health 

emergency probably since the 1918 “Spanish Flu”, 

affecting any country in the world just in few months. 

According to the World Health Organization guidelines, 

transparent communication is one of the main strategic 

axes in epidemic fighting and controlling, together with 

data analysis and health service management (WHO, 

2005). Within the framework of epidemiological 

geography, thematic cartography has always been the main 

instrument for the collection and dissemination of health 

 

1  According to a classical definition, a dashboard is a “visual 

displays of the most important information needed to achieve 

one or more objectives; consolidated and arranged on a single 

screen so information can be monitored at a glance” (Few, 

2006, 34). Such definition does not involve the presence of 

datasets, as well as for their deeper spatial analysis (Carroll 

et al., 2014). Indeed, the steady shift towards a data-rich 

environment that research in applied geography recently 

experienced (Miller, Goodchild, 2015) strongly enhanced 

the need to outline effective and functional tools able to 

collect, manage, analyse and display the growingly 

available georeferenced data in any field of spatially-based 

studies. Among them, dashboards became one of the most 

popular and effective tools for connecting large public to 

scientific results and official data communication1.    

1.1 Aims 

The paper presents an applied geography research aimed 

at the development of a WebGIS for the spatial and 

cartographies; despite this, the large number of dashboards 

devoted to the pandemic monitoring arisen during 2020 and 

2021 are strictly linked with static or dynamic maps (Boulos, 

Geraghty, 2020; Guallart Moreno, 2020; Dai Prà et al, 2020). 
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diachronic representation of the Autonomous Province of 

Trento [Provincia Autonoma di Trento] epidemiological 

data. Such research is part of a broader project that aims to 

experiment the use of spatial approaches and cartographic 

tools for the representation and analysis of health, social 

and environmental data for the understanding of the 

epidemic phenomenon in fieri and ex post (Brunialti et al., 

2020; Dai Prà et al., 2020). 

1.2 Epistemological and methodological framework 

Since the 1990s, GIS have progressively established 

themselves as one of the most effective data management 

and analysis tools for all research disciplines interested in 

the study of spatial and territorial phenomena (Aitken, 

2002; Cope, Elwood, 2009). More recently, GIS stood out 

as emergency monitoring tools and digital map viewers 

aimed at fostering the correct understanding of spatially-

related dynamics. Even before the pandemic, the use of 

territorial information systems in the field of medical 

geography with both analytical and communicative values 

was already consolidated (Palagiano, 1998; Carroll et al., 

2014; Crooks et al., 2018). During the present pandemic, 

the GIS-driven dissemination of health data attained an 

extraordinary popularity, starting from the earliest 

pioneering models (Dong et al., 2020) up to the several 

ensuing experiences of epidemiological dashboards 

(Dagnino et al., 2020; Rossman et al., 2020; Gao et al., 

2020; Berry et al., 2020; Hohl et al., 2020).  

At the beginning of May 2020, Ivan Franch-Pardo et al. 

(2020) surveyed a total of 63 scientific articles published 

in academic journals and dedicated to various 

epistemological and methodological geographical and / or 

cartographic aspects of the epidemic; essays ranging from 

the local to the global scale, and which have been classified 

into five categories, according to the greater relevance 

accorded to spacetime analyzes of the epidemic course, to 

web-based cartography and volunteering geographical 

information, to automatic data mining systems and big 

data analysis, and environmental variables and their 

relationships with the spread of the disease. In particular, 

web-based cartography emerged as one of the primary 

types of response of the academic environment to the 

urgency of immediate communication of the pandemic 

risk at the global and national level (Dai Prà et al., 2020; 

Podda, Scanu, 2020; Guallart Moreno, 2020). 

In fact, in last years the increasing diffusion of digital 

cartography have intertwined with the implementation of 

the internet, involving the development of increasingly 

easy-to-use GIS services for the collection and distribution 

of geographical data. With WebGIS and CloudGIS 

solutions, “GIS has now been able to make its concepts 

more open, accessible and mobile to all, thus facilitating 

notions such as the democratization of space data, open 

accessibility and the effective dissemination” (Dragićević, 

2004, 79); and recently the areas in which the activation of 

WebGIS portals is proposed as a vehicle for data 

distribution and interface between users are increasingly 

spreading, and were even explicitly acknowledged in the 

EU operational programs (Evangelidis et al., 2018). In 

fact, a WebGIS can enhance and facilitate cartographic 

elaboration at least in three main directions: 1) spatial data 

dissemination, 2) spatial data geovisualisation, 3) spatial 

data processing and analysis. While in the first phase of the 

epidemic spread the cartographic representation was 

developed to satisfy the need of instant information, 

actually dashboards and websites are exploring new 

directions for promoting transparency of decision making, 

communities’ involvement, risk awareness and people 

motivation (Boulos, Geraghty, 2020; Grandi, Bernasconi, 

2020; Marques da Costa et al., 2021). For instance, the 

Johns Hopkins University was pioneer in representing the 

pandemic situation (Dong et al., 2020) with a recognizable 

semiology and a selected range of epidemiological-

cartographical datasets, at a point that that JHU dashboard 

turned out as a model for other cartographic solutions and 

became an official source of information at global level.  

Although some critical issues were already pointed out 

with regard to the correctness of cartographic semiology 

(Juergens, 2020) and its real accessibility (Mooney, 

Juhász, 2020) in the context of pandemic monitoring, this 

trend did prove the general public’s strong demand for 

health geography information (Kamel Boulos, Geragthy, 

2020, Guallart Moreno, 2020), and the GIS approaches 

demonstrated to be promptly capable to catch the 

pandemic spatial trends in several different contexts, as 

well as to map them for an informed communication 

(Dangermond et al., 2020; Podda, Scanu, 2020; Marques 

da Costa et al., 2021). Nevertheless, the scarcity of 

granular data often prevented digital cartography to be 

adopted at the sub-national scale. This was particularly 

true for Italian Regions and Autonomous Provinces (Dai 

Prà et al., 2020).  

2. Case study 

The project concerned the territory of the Autonomous 

Province of Trento, a predominantly mountainous area 

located near the border between Italy and Austria. 

The Province of Trento covers an area of 6,207 km² and in 

2020 had a population of 545,425 inhabitants. The central 

urban and traffic axis is the Adige Valley, which crosses 

the Province from north to south, and constitutes the main 

corridor for moving people and goods between Italy, 

Austria and Germany. Most of the population is located 

within the valley floor, with over 49.5% inhabitants 
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residing below 250 m a.s.l. and just 18.9% settled above 

750 m a.s.l.. 

 

Figure 1. Localization of the Autonomous Province of Trento in 
Italy. 

 

The Trento Province was among the first Italian territories 

affected by the COVID-19 pandemic, experiencing an 

important outbreak shortly after the identification of 

primary confirmed cases in Lombardy and Veneto; in 

particular, the first confirmed case was detected on March 

2nd, 2020 in the provincial capital city, Trento. The 

increase in infections during the first weeks of March was 

rapid, and by the end of March almost all the 

municipalities have had infections.  

Proximity to Lombardy, touristic flows, infra and inter 

regional commuting have been identified as the most 

influential factors to explain the dynamics of internal 

diffusion (Brunialti et al., 2020), 

In order (1) to develop a new approach of digital 

cartographic representation of data at the largest possible 

scale for a better identification of epidemiological 

dynamics, and (2) to develop a tool for monitoring the 

health situation in Trentino, an Agreement between the 

Trento Autonomous Province Local Health Authority 

(APSS) and the Geo-cartographic Center of the University 

of Trento (GeCo) was signed. Within this framework, an 

interactive dashboard able to disseminate spatial 

epidemiological data concerning the Trentino territory 

among the public, was implemented. The WebGIS 

dashboard allows to widen the accessibility of 

municipality-scaled epidemiological datasets, as well as to 

improve the understanding of CoViD-19 trends for local 

citizens and communities. 

3. Data 

For the development and definition of the dashboard, it 

was necessary to consider the nature and structure of the 

available data, as well as their critical treatment. The 

acquisition of sources, and the integration of 

heterogeneous information, arose as a crucial problem that 

could be overcome by comparing them on a spatial basis.  

The proliferation of datasets, even divergent ones, that 

took place during the months of lockdown, in fact strongly 

posed the problem of using complete and reliable sources, 

together with methodological questions about the available 

statistics. 

This project was based on an exclusive use of official data 

produced by public bodies appointed to health 

management, namely the local Health Authority (APSS), 

which guarantees the reliability of the process of their 

production, and the constant respect for the confidentiality 

of patients’ data. Indeed, by virtue of the status of 

autonomy guaranteed by Italian constitutional law, the 

Province of Trento was granted autonomous powers also 

in the healthcare management context. This results in the 

production of proven and homogeneous data, which 

guarantees that the local epidemiological dataset has a 

sufficient reliability and consistency for its cartographic 

spatial analysis (Torri et al. 2020).  

APSS provided a dataset consisting of the official number 

of the infected, clinically recovered, deceased, with their 

age group. These data were aggregated day by day on a 

municipal basis, along a time interval spanning from 

March 2020 to May 2021. All the data were properly 

anonymized to ensure the protection of sensitive data. This 

dataset was processed and integrated with a GIS software, 

in order to develop a spatial database integrated with the 

polygonal layer of the Trentino municipalities: for the final 

cartographic result each typology of data was aggregated 

on a municipal scale, on a weekly basis. 

4. Methods 

4.1 WebGIS architecture 

The system runs on a virtual machine containing both 

software and data.  

For the realization of the WebGIS, the shapefile of the 

municipal boundaries of the Province of Trento was used 

as a reference vector and itnwas imported into a 

geographic database built using MySQL. MySQL is an 

open-source DBMS (Database Management Services), 

with native spatial components able to manage 

geographical data (Fig. 2). 
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The WebGIS platform was created using open-source 

technologies and in particular Javscript language libraries, 

focused for rendering geographic data on desktop and 

mobile devices (ensuring the required responsiveness). 

Data are provided by a geographic database and are 

converted “on-the-fly” into geojson standard interchange 

format. This file is read by the javascript scripts to produce 

the final maps. 

 

 

Figure 2. WebGIS and dashboard architecture and workflow. 

 

 

 

Figure 3. Example of interactive graph, showing the percentage 
of cases healed out of the total population. 

 

For each map, specific scripts based on the chart.js library 

also produce the graph of the data temporal variation, 

automatically reading dates and time of analysis (Fig. 3). 

The system automatically uses all the available data, as 

long as they fit in the database structure. While maps and 

graphs can be downloaded as images, the original data 

cannot be accessed by the WebGIS users, to safeguard the 

privacy of the patients.  

Maps provided by the OpenStreetMap open-source service 

(OSM), a project born in 2004 as a free editable map of the 

world made by volunteers, were chosen as background 

maps. The tabular data were associated with the 

corresponding geographical elements using the unique 

municipal code field. 

The database can be periodically updated by the WebGIS 

administrators through special import functions that allow 

to directly import the updated data using simple 

appropriately formatted Excel table, that are subsequently 

converted into a MySQL table. Automatic backup and 

restore functions also allow the site manager to restore a 

previous version of the database, in case of failure of the 

import process. All the update and restore functions are 

included in a reserved area accessible only by the WebGIS 

administrators. 

4.2 Dashboard management and visualization 

Grandi and Bernasconi (2020) analyzed 63 websites 

produced in various parts of the world and by different 

entities, devoted to the monitoring of the epidemic. 

According to their survey, the project presented here 

presents some specific elements, which make it a peculiar 

while not unique case: the representation of a provincial 

territory, with aggregated data on a municipal scale; the 

exclusive application of opensource software; the usage of 

official data collected and produced locally. Based on such 

data and other auxiliary demographic and social statistics, 

the indicators that make up the WebGIS are calculated. 

Such indicators (i.e., infections – or confirmed cases – per 

100,000 population, by municipality) allows the 

assessment of the situation and the relations between the 

pandemic trends and the socio-demographic environment.  

At the present moment, on the basis of available statistics, 

available and mapped data for each municipality are:  

• Weekly infections 

• Weekly deaths 

• Weekly recovered 

• Weekly active cases 

• Cumulative infections since the beginning of the 

pandemic (including recovered and deceased) 

• Cumulative recovered 

• Cumulative deaths 

• The weekly proportion of infections detected 

within nursing facilities respect to the total 

confirmed cases of a given municipality 

The proposed dashboard shows the daily absolute 

confirmed CoViD-19 cases, deaths and recovered for each 

municipality through a point map (Fig. 4), while the 

coropleth map displays the relative value of cumulative 

confirmed cases, deaths and recovered respect to the local 

population, as well as the weekly number of active cases. 
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The user can query the map to obtain the cumulative data 

for each dataset and can also navigate throughout the series 

of weekly maps up to a specific date in the past. 

The spreading of the epidemic is therefore shown 

progressively from March 2020 to May 2021, with the data 

of confirmed cases, deaths and recovered respect to the 

local population. 

A limitation of this project is due to data availability, 

especially in order to safeguard patients’ data 

confidentiality. In doing so, it has been necessary to omit 

some information, such as the municipality with an 

excessively low rate of weekly infections and deaths. In 

this case confidentiality is guaranteed by the extent of the 

lower numeric and chromatic class, that was properly 

calibrated to avoid any risk of identification. 

As already mentioned, a timeline integrated in the 

dashboard allows users to check out the dynamics of virus 

propagation during time. In any case, the raw relative 

amount of people affected by CoViD-19 respect to total 

municipal population is shown using a range of colors 

associated to the administrative polygon vector layer, 

while absolute values are represented with variably sized 

centroids, and their variations can be enhanced through the 

interaction with the timeline to observe the occurrence of 

localized clusters, the permanence of enduring hotspots 

and so on. 

 

 

 

 

 

 

5. Outputs and perspectives 

The ongoing general project on the Geography of CoViD-

19 in Trento Province has a double aim: firstly, it has 

Public Geography purposes, namely, to disseminate the 

most advanced results of scientific studies to the general 

public; secondly, it could be also considered as an Applied 

Geography initiative, aimed at offering informative 

content to solve specific problems for territorial 

management. This distinction (Ward 2006) reflects the 

dual nature that should characterize the research outputs: 

in this case, working papers for an exegesis of the 

phenomenon to be provided to specialists and decision 

makers, and a website integrated with digital cartography 

for the communication to general public.  

In this regard, the construction of cartographic series 

makes it possible to combine a synchronic and diachronic 

approach, configuring maps as a crucial heuristic tool for 

the representation and analysis of social, environmental 

and health data with important effects on local 

communities’ empowerment.  

Following this wake, we introduced a WebGIS dashboard 

for the monitoring and assessment of the pandemic trends 

within the Trento Autonomous Province. The interactive 

map is available at [covid19mappa-trentino.geco.unitn.it]. 

Spatial data can provide valuable information both for the 

general public and for public health managers on the 

epidemiological dynamics, such as areas more affected in 

specific periods of time, recovered concentrations and 

mortality rates. However, usual sources are typically 

limited to textual description or static maps and graphs,  

Figure 4. The dashboard showing the weekly new confirmed cases vector dot map with timeline. 
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based on the sole data that were available in the moment 

such products were issued.  

The benefits of dynamic digital cartography have been 

clearly acknowledged by many researchers, and include 

the possibility to provide updated information, to reduce  

redundancy and to increase non-expert people accessibility 

to information (Howell et al., 2019).  

Our interactive map relies upon first-hand official sanitary 

data collected and shared by the Local Health Authority 

and allows to assess CoViD-19 infection dynamics at the 

finest possible disaggregation level without engendering 

confidentiality issues. Data have been anonymized by 

aggregating the information spatially, merging data at the 

municipality level, and temporally, using a temporal 

resolution of one week. As the platform has been and will 

be continuously updated as long as the health dataflow is 

kept active, we hope that our product could be useful to 

reliably disseminate sanitary information not only to the 

local communities, but also to the researchers interested in 

studying the pandemic patterns at the local level.  

 

In future, the WebGIS would be improved, in order to 

support the comparison between the epidemiological data 

and other sources of social and environmental statistics 

(Marques da Costa et al., 2021), to allow non-expert users 

to develop different data comparison for a better 

understanding of factors affecting the pandemic dynamics.  
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