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Abstract

The COVID-19 pandemic underscored the critical need for effective
disease mapping tools, essential for tracking infectious diseases.
Following the WHO’s pandemic declaration in March 2020, nu-
merous technological solutions emerged to map cases, assess risk
factors, and monitor mobility. However, there remains a shortage of
reusable, open-source geovisual analytics tool for rapid response to
future pandemics. To address this gap, we developed an innovative
open-source JavaScript-based geovisual analytics tool as part of
the CyberGIS-Vis project. This paper introduces two visualization
modules of CyberGIS-Vis, showcasing their use in visualizing spa-
tiotemporal COVID-19 data by integrating advanced cyberGIS and
online visualization with robust analytics for geospatial knowledge
discovery.

CCS Concepts

+ Human-centered computing — Geographic visualization; «
Information systems — Geographic information systems.
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1 Introduction

Disease mapping tools have been crucial in public health for track-
ing infectious diseases over time and space. During the COVID-19
pandemic, these tools became vital for monitoring the virus’s spread
and identifying severely impacted regions. Following the WHO’s
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pandemic declaration in March 2020, numerous technological solu-
tions were rapidly developed to map cases, assess risk factors, and
monitor mobility (e.g., [2, 4, 6, 12-15]), drawing significant atten-
tion from researchers, health officials, and policymakers. However,
despite their widespread adoption, there has been a notable lack
of effort to create reusable, open-source geovisual analytics tool,
which is essential for swift responses to future pandemics.

On the technical front, the visualization of spatiotemporal dy-
namics, especially in disease datasets, has experienced a remarkable
surge in the development and accessibility of web-based online data
visualization tools in recent years. However, there remains a no-
table scarcity of open-source JavaScript-based tools that support
Coordinated and Multiple Views (CMV) within the domain of geo-
visual analytics. CMV focuses on linking user interactions, such
as cross-filtering, brushing, and highlighting, so that actions in
one view can immediately affect others, facilitating more dynamic
data exploration. CMV enables dynamic visual interfaces where
various data representations are interactively linked, allowing for
comprehensive analysis of spatiotemporal data—crucial for making
well-informed decisions based on thorough data analysis. [17].

Traditional GIS software like GeoViz Toolkit [11] , CommonGIS
[3], GeoVISTA Studio [18], and Cartographic Data Visualizer [5]
have supported CMV but are mainly Java-based and designed for
offline desktop use, making them challenging to integrate into
modern web-based environments that use JavaScript libraries like
D3, Plotly.js, and Leaflet. This creates a gap in integrating CMV
systems into current geovisualization tools that require real-time,
web-based analytics.

To bridge this gap, we developed a novel open-source JavaScript-
based geovisual analytics tool within the CyberGIS-Vis project.
This paper introduces two visualization modules within CyberGIS-
Vis, demonstrating their application in visualizing spatiotemporal
COVID-19 data. CyberGIS-Vis combines advanced cyberGIS and
online visualization capabilities with robust analytical methods,
enabling comprehensive geospatial data analysis. The tool enables
comparative visualization of spatiotemporal patterns with dynamic
choropleth maps linked to charts and offers reproducible analytics
through CyberGIS-Jupyter [16].

2 Implementation of CyberGIS-Vis ST

Open-Source. We developed web-based spatiotemporal modules,
CyberGIS-Vis ST, using open-source libraries like Leaflet (https:


https://orcid.org/0000-0001-9963-6698
https://doi.org/10.1145/3681777.3698474
https://doi.org/10.1145/3681777.3698474
https://doi.org/10.1145/3681777.3698474
https://leafletjs.com
https://leafletjs.com

SpatialEpi’24, October 29-November 1, 2024, Atlanta, GA, USA

Initalize all maps @Layer; Default ¥ C

ion: | Geometric F

Spatiotemporal Dynamics of COVID-19 Cases and Deaths in U.S. Counties

Han et al.

= (o

Link Al

Global: | Yellow_to_Red ~| Local: | Yellow_to_Blue ~

The selections above are valid only after you click "Set Globaily™ button. To enable "Set Globally”, make all maps have the same extents by clicking one of "Link” butfons below.

Map1

® Giobal O Local

Layer:  2020-04-06_confirmed_rate ~| Map2

® Joined O Leavegroup | Link | ® Global O Local

Layer: | 2020-07-20_confirmed_rate.

® Joined

v| [Top  v| 10~ Regions of: 2020-07-20_confirmed_rate v

O Leavegroup | Link

Hover over an area

ﬁ Global

‘ 0.00 Delaware,PA |
a0 Bucks PA i

®

Montgemery,PA

Hover over an area

Berks,PA

Fairfield,CT [T
Philadelphia,PA []

Atlantic,N]

fower bourds

007

e Northampton,PA [T
2465
PassaicN)
7 W17377 ¥
= T =
B layer | : | & ayer W1zz452 Providence.RI
9.0¢ = Me629.00 —
NoData | | [ No Data 0 1000 2000 3000
| Locate New York City | Locate
_——— Leaflet | © OpenStreetMap © CARTO o Leaflet | © OpenStreetMap © CARTO

Temporal Patterns of COVID-19 Risk Factors

34025 Monmouth,NJ

1. Confirmed Rate (Confirmed Cases per 1@k population)

Apr 2020 Jul 2020 Oct 2020 Jan 2021 Apr 2021 Jul 2021 Oct 2021
2. Death Rate (Deaths per 1@k population)
@
20
10
0 / | - 1 o~ ~ B
Apr 2020 Jul 2020 Oct 2020 Jan 2021 Apr 2021 Jul 2021 Oct 2021
3. Cumulative Confirmed Rate
zook@
150k
100k
50k
0
Apr 2020 Jul 2020 Oct 2020 Jan 2021 Apr 2021 Jul 2021 Oct 2021
4. Cumulative Death Rate
moo@
3000
2000
1000
Apr 2020 Jul 2020 Oct 2020 Jan 2021 Apr 2021 Jul 2021 Oct 2021

Figure 1: An example visualization using CyberGIS-Vis ST’s Multiple Linked Chart (MLC) functionality. Step-by-step demos are
available at https://su-gis.org/vis/mlc, and a larger image can be viewed a https://github.com/su-gis/CyberGIS-Vis/blob/master/

images/Fig_1.jpg.

/Neafletjs.com), D3 (https://d3js.org), Plotly]JS (https://plotly.com),
Geostats [7], Simple Statistics [1], and jQuery (https://jquery.com).
CyberGIS-Vis ST consists of an HTML file with a JavaScript-based
main algorithm, a CSS file for styling, a JavaScript configuration file,
and two JavaScript files for input data on variables and geometry.
Users generate visualizations by replacing the example data, and
the HTML file runs in a web browser, with the configuration file
allowing parameter customization.

CyberGISX Environment. Users can create visualizations with
Python code on the CyberGISX platform, a scalable framework for
geospatial analysis through JupyterLab (https://cybergisxhub.cigi.
illinois.edu;[16]). Unlike standard JupyterLab, where users must in-
stall libraries, CyberGISX provides pre-installed geospatial libraries

like SciPy, scikit-learn, GeoPandas, Shapely, and PySAL, stream-
lining the setup process and allowing them to focus directly on
their analysis and visualization tasks. Key advantages of CyberGISX
include: (1) enabling users without JavaScript experience to create
visualizations in Jupyter notebooks using Python, (2) providing a
pre-installed library environment, and (3) allowing users to publish
Jupyter Notebooks with CyberGIS-Vis ST visualization settings,
making them publicly accessible and easily reproducible [9]. This
accessibility benefits non-programmers and allows advanced users
to modify code to extend functionality.

Creating and Sharing Visualizations. To create visualizations with
CyberGIS-Vis ST, users can start with a template on the CyberGISX
website [8], input their data, adjust parameters, and run a single
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line of code. Input details are on GitHub (https://github.com/su-
gis/CyberGIS-Vis). Visualizations can be accessed privately via a
URL or shared by publishing the notebook on CyberGISX. Full
guidance is available at https://su-gis.org/vis/start.

3 Key Features and Functionalities

This section showcases the core functionalities of CyberGIS-Vis
ST, a geovisual analytics tool for analyzing and visualizing datasets
with spatiotemporal dimensions. Using COVID-19 data from the
New York Times (https://github.com/nytimes/covid-19-data) as a
case study, we demonstrate how CyberGIS-Vis ST uncovers hid-
den patterns and relationships through in-depth data exploration.
The tool integrates Coordinated and Multiple Views (CMV) [17],
which allows interactions in one view to dynamically update oth-
ers. CyberGIS-Vis ST offers several visualization modules, includ-
ing choropleth maps, bar charts, multiple linked charts, and com-
parison line charts. We present two examples: one combining
choropleth maps, bar charts, and linked charts (Fig. 1), and an-
other integrating choropleth maps, and comparison line charts
(Fig. 3). Step-by-step guides for these visualizations are available at
https://su-gis.org/vis/mlc and https://su-gis.org/vis/clc. The follow-
ing sections detail each module.

Adaptive Choropleth Mapper (ACM). We utilized the Adaptive
Choropleth Mapper (ACM) and incorporated bar and time series
charts to create coordinated views for spatiotemporal datasets.
ACM, an open-source tool for visualizing multiple choropleth maps,
allows users to set the number of maps; here, two maps are shown
in Figs. 1 and 3. For key features of ACM, see [10]. Fig. 1, panels A,
B, and C, shows two choropleth maps using ACM with confirmed
rates for April 6th (left) and July 20th (right). The "Link All" feature
unifies class intervals for consistent comparison, while separate
intervals allow for exploring variations within each map. The maps
show a decline in confirmed rates from April to July, particularly
in New York and nearby areas, indicating improvement.

Multiple Linked Chart (MLC). we developed MLC in our platform,
allowing users to display multiple time series charts by specifying
chart numbers and relevant variables. For example, we visualized
trends in confirmed rates, death rates, and cumulative rates (Fig. 1
E, F, G, H). Cumulative charts help visualize whether rates are
accelerating or decelerating, while weekly charts detect sudden
changes for quick response. The MLC feature allows users to select
a region on a map, and multiple time series charts dynamically
update to reflect data for that area (Fig. 1E, F, G, H).

A key MLC feature is dynamic Y-axis adjustment when zooming
into a specific time range, allowing detailed analysis of temporal
changes. For example, zooming into a period in Fig. 1E refines the
Y-axis, revealing previously unnoticed variations (Fig. 2A). Addition-
ally, synchronized zooming across charts ensures all charts display
corresponding data for the same period, facilitating comprehensive
analysis (Figs. 2B, C, D).

Bar Chart. The bar chart feature helps identify regions with high
or low values or impacts of specific events within the current map
view. Users can customize the chart to show the top or bottom
values. For example, Fig. 1D displays the top 10 counties by COVID-
19 confirmed rate on July 20, 2020, within the current map extent
in Fig. 1C. The bar chart is linked to the map, updating dynamically
to show the top 10 values for the selected variable based on the
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Figure 2: A zoomed-in view from Fig. 1.E shows the selected
period, with grayed-out areas representing data outside the
focus. A larger version is available at: https://github.com/su-
gis/CyberGIS-Vis/blob/master/images/Fig_2.jpg

current map view. When the map changes, the chart adjusts in real-
time, ensuring relevant data is always highlighted. Additionally,
hovering over a bar highlights the corresponding region on the map,
allowing users to connect numerical data with its spatial location.

Comparison Line Chart (CLC). CLC allows users to analyze and
compare COVID-19 confirmed rates over time across regions (Fig. 3C).
Selecting a region, like Los Angeles County on the left map (Fig. 3A),
updates the blue line on the chart to show its trends. Similarly, se-
lecting Miami-Dade County on the right map (Fig. 3B) updates the
orange line, enabling a direct visual comparison of trends between
the two areas (Fig. 3C). The CLC (Fig. 3C) allows users to examine
individual temporal trend lines or compare them simultaneously
using the buttons at the top. The "Trend Comparison" function nor-
malizes data between 0 and 1, allowing clearer trend comparisons
across two datasets with different ranges. For example, after select-
ing Hardee County, Florida, on the right map, it becomes evident
that Los Angeles County consistently exhibits a higher confirmed
rate throughout the timeline, with significant peaks during the first,
second, and third waves (Fig. 3D). Hardee County, however, dis-
plays relatively stable trends with a consistently lower confirmed
rate and minimal fluctuations. When using the "Trend Compari-
son" feature, the normalized view reveals distinct temporal patterns
(Fig. 3E); Los Angeles County shows a pronounced second wave,
while Hardee County’s third wave appears most significant com-
pared to its first and second waves. This normalization approach
facilitates a straightforward comparison of temporal trends, allow-
ing for a more nuanced understanding of regional differences in
COVID-19 confirmed rates.

4 Conclusion

This article shows how CyberGIS-Vis ST can analyze and visu-
alize infectious disease data like COVID-19, emphasizing its re-
producibility and reusability for future pandemics. Its versatility
allows it to handle a wide range of spatiotemporal datasets— from
other diseases and disaster casualties to crime rates and human
mobility—enabling researchers and policymakers to quickly ana-
lyze patterns and enhance preparedness and response for future
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Figure 3: An example visualization using CyberGIS-Vis ST’s Comparison Line Chart (CLC). Step-by-step demos are available at
https://su-gis.org/vis/clc. A larger version is available at: https://github.com/su-gis/CyberGIS-Vis/blob/master/images/Fig_3.jpg

events. In future studies, we plan to enhance CyberGIS-Vis ST by
adding more visualization modules to explore relationships between
datasets. This will involve linking the adaptive choropleth mapper
with various advanced charts from state-of-the-art data visualiza-
tion libraries like D3 and Plotly, including scatter plots, parallel
coordinate plots, violin plots, correlograms, and box plots. These
enhancements will offer robust tools for exploratory data analysis
that are accessible, reproducible, and publicly available.

Acknowledgments

This work is supported in part by the National Science Founda-
tion under grant numbers: 2118329 and 2321070 and by the Na-
tional Institutes of Health under grant number: R01-AI147487. Our
computational work used Virtual ROGER, which is a geospatial
supercomputer supported by the CyberGIS Center for Advanced
Digital and Spatial Studies and the School of Earth, Society and
Environment at the University of Illinois Urbana-Champaign.

References

[1] [n.d.]. Simple Statistics. https://simple- statistics.github.io/. Accessed: 2024-09-05.
[2] 2024. Track Covid-19 in the U.S.: Latest Data and Maps. https://www.nytimes.
com/interactive/2023/us/covid-cases.html/.

Natalia Andrienko, Gennady Andrienko, Hans Voss, Fatima Bernardo, Joana
Hipolito, and Ursula Kretchmer. 2002. Testing the usability of interactive maps
in CommonGIS. Cartography and Geographic Information Science 29, 4 (2002),
325-342.

Ensheng Dong, Jeremy Ratcliff, Tamara D Goyea, Aaron Katz, Ryan Lau, Timo-
thy K Ng, Beatrice Garcia, Evan Bolt, Sarah Prata, and David Zhang. 2022. The
Johns Hopkins University Center for Systems Science and Engineering COVID-19
Dashboard: data collection process, challenges faced, and lessons learned. The
lancet infectious diseases 22, 12 (2022), e370-e376.

Jason Dykes. 1998. Cartographic visualization. Journal of the Royal Statistical
Society: Series D (The Statistician) 47, 3 (1998), 485-497.

Song Gao, Jinmeng Rao, Yuhao Kang, Yunlei Liang, and Jake Kruse. 2020. Mapping
county-level mobility pattern changes in the United States in response to COVID-
19. SIGSpatial Special 12, 1 (2020), 16-26.

(3

=

[4

=

(5

=
& <

Simon Georget. 2011. https://www.intermezzo-coop.eu/mapping/geostats/

Su Yeon Han. 2024. https://cybergisxhub.cigi.illinois.edu/notebook/cybergis-
vis-for-democratizing-access-to-scalable-spatiotemporal-geovisual-analytics-
a-case-study-of-covid-19/

Su Yeon Han, Jeon-Young Kang, Fangzheng Lyu, Furqan Baig, Jinwoo Park,
Danielle Smilovsky, and Shaowen Wang. 2023. A cyberGIS approach to ex-
ploring neighborhood-level social vulnerability for disaster risk management.
Transactions in GIS 27, 7 (2023), 1942-1958.

Su Yeon Han, Sergio Rey, Elijah Knaap, Wei Kang, and Levi Wolf. 2019. Adap-
tive Choropleth Mapper: An Open-Source Web-Based Tool for Synchronous
Exploration of Multiple Variables at Multiple Spatial Extents. ISPRS International
Journal of Geo-Information 8, 11 (2019). https://doi.org/10.3390/ijgi8110509
Frank Hardisty and Anthony C Robinson. 2011. The geoviz toolkit: using
component-oriented coordination methods for geographic visualization and
analysis. International Journal of Geographical Information Science 25, 2 (2011),
191-210.

Marynia Kolak, Xun Li, Qinyun Lin, Ryan Wang, Moksha Menghaney, Stephanie
Yang, and Vidal Anguiano Jr. 2021. The US COVID Atlas: A dynamic cyber-
infrastructure surveillance system for interactive exploration of the pandemic.
Transactions in GIS 25, 4 (2021), 1741-1765.

Yu Lan and Eric Delmelle. [n. d.]. A Web-based Geographic Framework to Detect
and Visualize Space-time Clusters of COVID-19. ([n. d.]).

Zhenlong Li, Xiao Huang, Jiajia Zhang, Chengbo Zeng, Bankole Olatosi, Xiaoming
Li, and Sharon Weissman. 2020. Human mobility, policy, and COVID-19: A
preliminary study of South Carolina.

Skylar W Marvel, John S House, Matthew Wheeler, Kuncheng Song, Yi-Hui
Zhou, Fred A Wright, Weihsueh A Chiu, Ivan Rusyn, Alison Motsinger-Reif,
and David M Reif. 2021. The COVID-19 Pandemic Vulnerability Index (PVI)
Dashboard: Monitoring county-level vulnerability using visualization, statistical
modeling, and machine learning. Environmental Health Perspectives 129, 1 (2021),
017701.

Alexander Michels, Anand Padmanabhan, Zhiyu Li, and Shaowen Wang. 2024.
EasyScienceGateway: A new framework for providing reproducible user en-
vironments on science gateways. Concurrency and Computation: Practice and
Experience 36, 4 (2024), e7929.

[17] Jonathan C Roberts. [n.d.]. State of the art: Coordinated & multiple views in
exploratory visualization. In Fifth international conference on coordinated and
multiple views in exploratory visualization (CMV 2007). IEEE, 61-71.

Masahiro Takatsuka and Mark Gahegan. 2002. GeoVISTA Studio: A codeless
visual programming environment for geoscientific data analysis and visualization.
Computers & Geosciences 28, 10 (2002), 1131-1144.

(10]

(11]

[12

[13]

[14

[15

[16

(18]


https://su-gis.org/vis/clc
https://github.com/su-gis/CyberGIS-Vis/blob/master/images/Fig_3.jpg
https://simple-statistics.github.io/
https://www.nytimes.com/interactive/2023/us/covid-cases.html/
https://www.nytimes.com/interactive/2023/us/covid-cases.html/
https://www.intermezzo-coop.eu/mapping/geostats/
https://cybergisxhub.cigi.illinois.edu/notebook/cybergis-vis-for-democratizing-access-to-scalable-spatiotemporal-geovisual-analytics-a-case-study-of-covid-19/
https://cybergisxhub.cigi.illinois.edu/notebook/cybergis-vis-for-democratizing-access-to-scalable-spatiotemporal-geovisual-analytics-a-case-study-of-covid-19/
https://cybergisxhub.cigi.illinois.edu/notebook/cybergis-vis-for-democratizing-access-to-scalable-spatiotemporal-geovisual-analytics-a-case-study-of-covid-19/
https://doi.org/10.3390/ijgi8110509

	Abstract
	1 Introduction
	2 Implementation of CyberGIS-Vis ST
	3 Key Features and Functionalities
	4 Conclusion
	Acknowledgments
	References

