
displaying time series spatial and space time
data with r
displaying time series spatial and space time data with r is a vital capability for statisticians,
data scientists, and researchers working with complex datasets that evolve over time and space. This
article explores comprehensive methods and tools available in R for effectively visualizing and
analyzing time series data that has spatial or spatiotemporal components. Understanding how to
represent these datasets graphically can reveal patterns, trends, and relationships that are not
obvious in raw numerical formats. The article will cover essential R packages, techniques for handling
spatial and temporal data, and practical examples to guide users through the process. Additionally, it
will address challenges such as dealing with large datasets, animation for dynamic visualization, and
integration with GIS data. By mastering these approaches, users can enhance their analytical
workflows and interpret spatiotemporal phenomena more intuitively. The following sections provide a
structured overview of the key concepts and tools involved in displaying time series spatial and space
time data with R.
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Understanding Time Series and Spatial Data
Time series data consists of observations recorded sequentially over time, often at consistent
intervals. Spatial data, in contrast, involves information about geographic locations or spatial
coordinates. When combined, spatiotemporal data captures phenomena that vary across both space
and time, enabling deeper insights into dynamic geographic processes. Displaying time series spatial
and space time data with R requires an understanding of these fundamental concepts to select
appropriate visualization and analysis methods.

Time Series Data Characteristics
Time series data typically exhibits characteristics such as trends, seasonality, and autocorrelation.
Effective visualization must account for these features to highlight temporal changes clearly. Common
plots include line graphs, lag plots, and autocorrelation functions, but these must be adapted when
spatial dimensions are involved.



Spatial Data Fundamentals
Spatial data can be represented in various formats, including points, lines, and polygons, each
describing different geographic features. Spatial coordinates are often stored as latitude and
longitude or projected coordinate systems. Understanding spatial referencing systems is crucial when
working with spatial data in R, particularly for overlaying time series data accurately on maps.

Spatiotemporal Data Complexity
Spatiotemporal data combines spatial and temporal elements, presenting unique challenges such as
large data volumes, correlation structures in space and time, and the need for specialized
visualization techniques. Properly displaying this data can uncover spatial-temporal patterns, such as
migration trends, climate changes, or disease outbreaks, which are essential for decision-making in
multiple disciplines.

Key R Packages for Spatiotemporal Visualization
Several R packages facilitate the process of displaying time series spatial and space time data with R,
offering tools for data manipulation, mapping, and animation. Familiarity with these packages enables
users to create compelling and informative visualizations tailored to complex datasets.

sf: Simple Features for Spatial Data
The sf package is a cornerstone for handling spatial data in R. It simplifies working with spatial
vectors, such as points, lines, and polygons, and integrates well with the modern tidyverse
ecosystem. The package supports reading, writing, and manipulating spatial geometries, which are
essential for spatial visualization.

sp and spacetime Packages
The sp package is one of the earliest and most widely used packages for spatial data handling,
providing classes and methods for spatial objects. Complementing it, the spacetime package extends
spatial classes to incorporate temporal dimensions, enabling the management of space-time objects
necessary for time series spatial data analysis.

ggplot2 and Extensions
ggplot2 is a flexible and powerful plotting system in R. With extensions such as ggspatial and gifski, it
supports complex spatial visualizations and animations. These tools allow for the layering of spatial
and temporal data, producing publication-quality graphics for spatiotemporal datasets.



tmap and leaflet for Interactive Mapping
The tmap package offers comprehensive facilities for thematic mapping, suitable for both static and
interactive visualizations. Meanwhile, leaflet enables the creation of highly interactive web maps,
supporting time series data through plugins and time dimension features, which enhance the display
of dynamic spatiotemporal patterns.

Preparing and Managing Spatiotemporal Data in R
Effective visualization begins with proper data preparation. Handling spatiotemporal data with R
necessitates cleaning, structuring, and transforming datasets into suitable formats for analysis and
display.

Data Cleaning and Formatting
Raw datasets may contain missing values, inconsistent timestamps, or spatial inaccuracies. Cleaning
involves imputing missing data, standardizing time formats, and validating spatial coordinates. R
provides functions for these tasks within packages like dplyr and lubridate.

Creating Spatiotemporal Objects
After cleaning, data must be converted into spatiotemporal objects supported by R libraries. For
instance, the stfdf class in spacetime combines spatial features with time series data frames. Proper
structuring enables seamless integration with visualization functions and spatial analysis tools.

Data Aggregation and Subsetting
Large datasets often require aggregation to improve visualization clarity. Aggregation can be
performed over time intervals or spatial units, such as averaging values within polygons or
summarizing time series by day or month. Subsetting allows focusing on regions or time periods of
interest, enhancing interpretability.

Techniques for Displaying Spatial Time Series Data
Displaying time series spatial and space time data with R involves various graphical methods tailored
to reveal temporal dynamics across geographic contexts. Selection of appropriate techniques
depends on data complexity and analytical objectives.

Static Maps with Time Facets
One straightforward technique is to create static maps for different time slices, arranged in facets or
panels. This approach allows visual comparison of spatial patterns at discrete time points. Using
ggplot2 with facet_wrap or tmap faceting options facilitates this method.



Animated Maps
Animations provide dynamic visualization of how spatial variables evolve over time. The gganimate
package extends ggplot2 to create animated plots, while tmap supports animation through its
temporal features. Animated maps are particularly useful for illustrating gradual changes or event
progressions.

Heatmaps and Choropleth Maps
Heatmaps visualize intensity or density of a variable across space and time, often using color
gradients. Choropleth maps shade geographic regions based on aggregated data values over time
segments. Both types can be enhanced with temporal interactivity to explore changes.

Trajectories and Flow Maps
For datasets involving movement, such as animal tracking or transportation flows, trajectory plots or
flow maps display paths over time and space. These visualizations help interpret movement patterns
and temporal sequences effectively.

List: Common Visualization Techniques for Spatial Time Series
Data

Faceted static maps by time intervals

Animated spatial maps showing temporal progression

Heatmaps representing density or intensity changes

Choropleth maps illustrating regional temporal statistics

Trajectory plots for movement data over time

Flow maps depicting directional changes and volumes

Visualizing Space-Time Data with Dynamic and
Interactive Graphics
Dynamic and interactive visualizations enable users to explore spatiotemporal data more thoroughly,
facilitating the discovery of insights through user-driven examination. R provides several tools for
creating such graphics.



Interactive Maps with Leaflet
The leaflet package allows building interactive web maps with zooming, panning, and time slider
controls. By incorporating time dimension plugins, users can animate spatial data over time or filter
data dynamically to analyze temporal changes.

Shiny Applications for Spatiotemporal Data
R's Shiny framework supports the development of interactive web applications that integrate maps,
charts, and user inputs. Shiny apps can present complex spatiotemporal datasets in a user-friendly
interface, enabling customized queries, temporal filtering, and detailed spatial analysis.

Animated Visualizations with gganimate
Animating spatial data over time provides visual cues to temporal trends. The gganimate package
builds on ggplot2 to produce animations that can be exported as GIFs or videos, facilitating
presentations and reports that require dynamic storytelling.

Advantages of Interactive and Dynamic Visualization
Interactive and dynamic visualizations offer numerous benefits, such as:

Enhanced user engagement and exploration capabilities

Ability to handle large and complex datasets efficiently

Improved understanding of temporal and spatial patterns

Customization options for tailored data views

Integration with other analytical tools and dashboards

Applications and Use Cases
Displaying time series spatial and space time data with R is applicable across diverse fields, including
environmental science, epidemiology, transportation, and urban planning. The ability to visualize
spatiotemporal dynamics supports informed decision-making and research advancements.

Environmental Monitoring
Tracking environmental variables such as temperature, precipitation, or pollution over time and space
benefits from spatiotemporal visualization. R enables mapping climate change patterns, drought
progressions, or air quality variations effectively.



Epidemiology and Public Health
Spatiotemporal visualization helps monitor disease outbreaks, vaccination coverage, and health
service accessibility. Animated maps and interactive dashboards assist health professionals in
identifying hotspots and temporal trends crucial for intervention planning.

Transportation and Mobility Analysis
Analyzing vehicle movement, traffic congestion, and public transit usage over time and geography
supports transportation planning. Visualization techniques like flow maps and trajectories reveal
travel patterns and infrastructure needs.

Urban Planning and Development
Urban growth, land use changes, and population dynamics are inherently spatiotemporal. Visualizing
these patterns aids planners and policymakers in managing resources, zoning, and sustainable
development initiatives.

List: Key Application Areas

Environmental and climate studies

Health surveillance and epidemiology

Transportation and mobility research

Urban planning and land use management

Disaster response and emergency management

Frequently Asked Questions

What R packages are best for displaying time series spatial
data?
Popular R packages for displaying time series spatial data include 'ggplot2' combined with 'sf' for
spatial data handling, 'leaflet' for interactive maps, 'tmap' for thematic mapping, and 'plotly' for
interactive visualizations. Additionally, 'stars' is useful for spatiotemporal arrays, and 'dygraphs' can
be used to plot time series data interactively.



How can I visualize space-time data using the 'stars' package
in R?
The 'stars' package allows you to work with spatiotemporal arrays. You can read and manipulate
raster time series data, then use the plot() function to visualize each time slice or create animations
using packages like 'animation' or 'gganimate'. Example: after loading your space-time data as a stars
object, use plot(your_data[,,time_index]) to visualize a specific time point.

Can I create interactive maps showing temporal changes in
spatial data in R?
Yes, interactive maps with temporal changes can be created using 'leaflet' along with time dimension
plugins or 'mapview' for quick interactive visualizations. You can also integrate 'shiny' apps to create
dashboards where users can select time points or animate data over time.

What is the workflow to animate spatial time series data in R?
A common workflow is to prepare your spatial time series data as a sequence of spatial objects or
raster layers, then use 'ggplot2' with 'gganimate' to create animations. Alternatively, convert spatial
data to data frames with coordinates and time, then map with ggplot and animate over the time
variable.

How do I handle large spatial time series datasets efficiently
in R?
For large spatial time series data, use packages optimized for big data such as 'stars' for efficient
raster and vector data handling, 'sf' for simple features, and 'data.table' for fast data manipulation.
Processing data in chunks, using spatial indexing, and saving intermediate results can improve
performance.

Are there examples or tutorials for visualizing space-time
data with R?
Yes, there are many tutorials available online. The 'stars' package website and CRAN vignettes
provide detailed examples. Additionally, blogs and websites like R-bloggers and GitHub repositories
often feature tutorials on using 'ggplot2', 'leaflet', and 'gganimate' for space-time data visualization.

Additional Resources
1. Applied Spatial Data Analysis with R
This book by Roger S. Bivand, Edzer J. Pebesma, and Virgilio Gómez-Rubio offers a comprehensive
introduction to spatial data analysis using R. It covers both fundamental concepts and practical
applications, including visualization of spatial and spatiotemporal data. Readers will find detailed
examples of handling time series data within spatial contexts using various R packages.

2. Spatio-Temporal Data Analysis with R
This text focuses on analyzing data that vary over space and time, providing a thorough treatment of



methods and models. It guides readers through visualization techniques for space-time data and
explores statistical approaches for modeling complex spatiotemporal dependencies. The book is well-
suited for those interested in time series analysis embedded in spatial frameworks using R.

3. Time Series Analysis and Its Applications: With R Examples
Robert H. Shumway and David S. Stoffer present a detailed exploration of time series analysis with
practical R examples. While primarily focused on temporal data, the book includes sections on spatial-
temporal modeling and visualization techniques. It is a valuable resource for understanding how to
integrate spatial components into time series analysis.

4. Geocomputation with R
This book by Robin Lovelace, Jakub Nowosad, and Jannes Muenchow is a practical guide to geographic
data analysis using R. It includes chapters dedicated to visualizing and analyzing spatial and space-
time data, particularly time series linked to geographical locations. The text emphasizes reproducible
research and modern geospatial data science workflows.

5. Statistical Methods for Spatio-Temporal Systems
Focused on statistical modeling, this book covers methods for analyzing spatiotemporal systems,
including time series processes with spatial components. It provides theoretical foundations alongside
applied R code for visualizing and interpreting complex space-time data structures. Practitioners will
benefit from its insights on integrating spatial statistics with temporal dynamics.

6. Spatial and Spatio-Temporal Bayesian Models with R - INLA
This title explores Bayesian modeling approaches for spatial and spatiotemporal data using the
Integrated Nested Laplace Approximations (INLA) framework in R. It includes practical guidance on
visualizing time series data across space and time, showcasing advanced techniques for space-time
data analysis. The book is ideal for users interested in probabilistic modeling of spatiotemporal
phenomena.

7. Analyzing Spatial and Temporal Data with R
This book offers a practical approach to handling and visualizing spatial and temporal datasets using
R. It covers tools and methods for displaying time series in spatial contexts, including interactive
visualization options. Readers will find examples that integrate space and time data analysis in
applied environmental and social sciences.

8. Data Visualization with ggplot2: A Hands-On Guide to Spatial and Temporal Data
Focusing on the ggplot2 package, this guide demonstrates how to create compelling visualizations for
spatial, temporal, and space-time data. It provides step-by-step instructions on plotting time series
across geographic regions and integrating spatial layers for enhanced interpretability. The book helps
users leverage R’s powerful visualization capabilities for complex datasets.

9. Spatio-Temporal Environmental Data: Modeling and Visualization
This book addresses the challenges of modeling and visualizing environmental data that vary across
space and time. It includes techniques for time series analysis within spatial frameworks and offers R
code examples for generating insightful visualizations. The text is particularly useful for
environmental scientists and data analysts working with dynamic spatial datasets.
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