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Executive Summary
With funding from the RConsortium, development of the R package sfnetworks started over six
years ago. The package offers data structures and functions for the tidy analysis of geospatial network
data in R. Over the years, sfnetworks has proven its relevance as a general-purpose geospatial
network analysis tool: it was applied by researchers in multiple scientific domains and is a dependency
for more application-specific R packages. However, since the development of sfnetworks started, the
field of geospatial network analysis has continuously evolved. To keep up with current computational
requirements, stay in line with the updates of its dependencies, and remain a relevant tool for both
researchers and practitioners, the codebase of sfnetworks needs to be updated and extended to a
new, stable version: v1.0.

This proposal therefore comprises the release of version 1.0 of sfnetworks: a stable tool for
the analysis of geospatial networks across various domains that is able to handle geospatial net-
work data of large volume and variety, and can easily be extended for more application-specific
purposes. The development is split into four distinct work packages: 1) Update the current
codebase - Refactor existing computation-intensive functions, align existing code with new major
releases of dependencies, and address open feature requests and bug reports from the community;
2) Enable high-performance routing - Implement seamless integration with fast, C++-based
routing libraries dodgr and cppRouting; 3) Enable analysis of out-of-memory network data -
Implement seamless integration with duckspatial, an interface to the spatial extension of DuckDB
that allows spatial operations to be performed on data outside of R’s memory; 4) Document and
disseminate - Update and extend package documentation, publish a journal article and a blogpost,
and organize a interactive workshop.

The project is planned to start in November 2026 and have a runtime of 10 months. The first
three work packages are allocated an equal amount of time, 10 weeks each, without overlap. The
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fourth work package is spread over the entire project runtime. The proposal applies for a total
funding amount of 10.000 USD, with an equal amount of 2.500 USD allocated to each individual
work package. The funding is intended to cover labor costs of the main applicant, Lucas van der
Meer, for an average of 4h/week over the 10 months project runtime, that he can spend exclusively
on the development of sfnetworks.

The main deliverable of the project is the release of sfnetworks v1.0 on CRAN, including
extensive documentation, planned for Summer 2027. The development can be tracked on the already
existing GitHub repository of sfnetworks, that also contains an issue tracker for bug reports and
feature requests, a discussion forum, a code of conduct, and detailed contributing guidelines. Three
additional deliverables are formulated to disseminate the work to a wide audience and stimulate
community engagement: 1) A blogpost on the r-spatial blog presenting the new CRAN release; 2)
An academic article published in the Journal of Statistical Software; 3) A cross-language session on
geospatial network analysis at the Spatial Data Science Across Languages workshop.

Once completed, the project is meant to benefit the existing, multi-disciplinary user community
around sfnetworks as well as the broader r-spatial community with interest in network data.

Signatories
Project team
Lucas van der Meer will be the responsible software developer in the project. He is a doctoral
researcher at the Department of Geoinformatics of the University of Salzburg, with a focus on
spatial network analysis for sustainable transport planning. Lucas is author and maintainer of the
sfnetworks R package. His supervisor, Martin Loidl, will manage the administration and budget.

Contributors
• Robin Lovelace: Professor of Transport Data Science at the University of Leeds and co-

author of the sfnetworks package.
• Andrea Gilardi: Assistant-Professor of Statistics at the University of Milano-Bicocca and

co-author of the sfnetworks package.

Consulted
• Edzer Pebesma: Professor of Geoinformatics at the University of Münster; Ordinary member

of the R foundation; Section editor of the Journal of Statistical Software; Organizer of the
Spatial Data Science Across Languages workshop; Author of the sf package.

• Inger Fabris-Rotelli: Professor of Statistics at the University of Pretoria.
• Rafael Pereira: Senior researcher and head of data science at the Institute for Applied

Economic Research in Brazil; Author of duckspatial.

The Problem
Geospatial networks are graphs embedded in geographical space. That means that both the nodes
and edges in the graph can be represented as geographic features: the nodes most commonly as
points, and the edges as linestrings. They play an important role in many different domains, rang-
ing from transportation planning and logistics to ecology and epidemiology. The structure and
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characteristics of geospatial networks go beyond standard graph topology, and therefore it is crucial
to explicitly take space into account when analyzing them.

To facilitate such an integrated workflow, development of the R package sfnetworks (van der
Meer et al. 2024) started over six years ago. This development was co-funded by the RConsor-
tium in the second funding round of 2019, under the project name Tidy spatial networks in R.
The package combines the forces of two popular R packages: sf for spatial data science (Pebesma
2018) and tidygraph for standard graph analysis (Pedersen 2025), with the latter offering a tidy
interface to the igraph library (Antonov et al. 2023). The core of sfnetworks is a dedicated
data structure for geospatial networks, that can be provided as input to both the graph analyti-
cal functions of tidygraph as well as the spatial analytical functions of sf, without the need for
conversion. Additionally, it contains a set of geospatial network specific functions, such as routines
for shortest path calculation, network cleaning and topology modification. sfnetworks is designed
as a general-purpose package suitable for usage across different application domains, and can be
seamlessly integrated in tidyverse workflows.

Over the years, sfnetworks has proven its relevance as a general-purpose geospatial network
analysis tool, and has been used by researchers in multiple scientific domains. Examples include
archaeology (Priß et al. 2025; Rodriguez Rellan et al. 2023), ecology (Bystřický et al. 2022; Harrisson
et al. 2025; Molné et al. 2023), economics (Häusler and Zabel 2024), environmental planning (Yan
et al. 2022), power system planning (Li et al. 2023), remote sensing (Roussel et al. 2023), spatial
statistics (Panzeri et al. 2025; Thiede et al. 2023), transport planning (Duong 2025; Valls and Clua
2023; van der Meer, Werner, and Loidl 2024), and toxicology (Simoncic et al. 2022). Furthermore,
sfnetworks is a dependency for more application-specific R packages, including centerline for
extracting centerlines from closed polygons (Tsyplenkov 2025), dci for the calculation of ecological
connectivity in river networks (Arkilanian 2026), geNetIt for the implementation of spatial graph-
theoretic genetic gravity models (Evans 2026), greenR for the analysis of urban greenness within
city networks (Mahajan 2024), rcrisp for the morphological delineation of riverside urban areas
(Forgaci and Nattino 2025), SeaGraphs for modeling sea currents as connectivity data (Nagkoulis et
al. 2025), tinyVAST for fitting vector autoregressive spatio-temporal models (Thorson et al. 2025),
and tmap.networks for visualizing spatial network data (Tennekes and Gilardi 2026).

However, since the development of sfnetworks started, the field of geospatial network analysis has
continuously evolved. Geospatial network data have grown immensely in volume and variety, putting
larger computational requirements on software tools. New algorithms to handle these data have also
been developed. Not for nothing, the network analysis software igraph (the main computational
backend that sfnetworks depends on) has been largely rewritten, refactored and extended. This
resulted in the recent release of version 1.0 of the C core and version 2.0 of the R interface, with a
focus on stabilization of the API and performance improvement for massive network data. To keep
up with current computational requirements, stay in line with the updates of its dependencies, and
remain a relevant tool for both researchers and practitioners, the codebase of sfnetworks needs to
be updated and extended as well to a new, stable version: v1.0.

The proposal
Overview
The proposed project Modernizing spatial network analysis in R (acronym: spanner) comprises the
development of version 1.0 of the sfnetworks R package. The new version should offer a stable
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tool for the analysis of geospatial networks across various domains that is able to handle geospatial
network data of large volume and variety, and can easily be extended for more application-specific
purposes. By doing so, it will help to keep R relevant as a programming language for the analysis
of geospatial networks, conforming to the current computational requirements of the field. It will
benefit the existing, multi-disciplinary user community around sfnetworks as well as the broader
r-spatial community with interest in network data. Although the focus of the new version is on
performance improvement for larger networks, the development will stay close to the initial design
principles of sfnetworks. This means that the speed of computations is not unequivocally superior
to a clear and intuitive interface, with code that is easy to understand and therefore easy to adapt
and extend. The main deliverable of the project is the CRAN release of the new sfnetworks package.

Detail
We organized the content of the proposal in four distinct work packages (WPs), which are described
in more detail below.

1. WP 1: Update the current codebase. Within this work package, the existing code of
sfnetworks will be updated and improved. This has three aims. Firstly, code of compu-
tationally intensive functions will be refactored to better handle large network data. This
includes the functions to_spatial_smooth() for simplifying larger networks through the re-
moval of pseudo nodes and to_spatial_subdivision() for constructing subdivisions of larger
networks. Secondly, the code will be aligned with the new major release of igraph and its
R interface. This release introduced breaking changes from previous versions, and added new
functionalities relevant to geospatial networks, such as k shortest path finding, voronoi par-
titioning, and weighted eccentricity computation. Finally, bug reports and feature request
opened by the user community on the GitHub issue tracker will be addressed.

2. WP 2: Enable high-performance routing. Many tasks in geospatial network analysis
involve the computation of optimal paths between nodes in a network. This is computationally
intensive and therefore especially challenging when networks get larger. While igraph is a well-
developed library with many functionalities, there are other R packages that have implemented
faster approaches for path finding by wrapping C++ code, most notably dodgr (Padgham
2019) and cppRouting (Larmet 2022). To better accommodate for larger network data, the new
version of sfnetworks will implement seamless integration with these packages, allowing the
user to choose between three different routing backends (i.e., igraph, dodgr, and cppRouting)
within the same interface of the st_network_paths() function, taking away the need to convert
back and forth between different data formats and different settings.

3. WP 3: Enable analysis of out-of-memory network data. Currently sfnetworks re-
quires network data to be fully loaded into R’s memory. This becomes problematic with larger
networks. Recently, the R package duckspatial has been released, providing a bridge be-
tween R and the spatial extension of DuckDB that allows to perform spatial operations on
data outside R’s memory (Cidre González, Kotov, and Pereira 2026). To better accommodate
for larger network data, the new version of sfnetworks will implement seamless integration
with the duckspatial package, such that at least spatial operations, and specifically spatial
filters, can be performed before loading the network data into R’s memory. Possibilities to also
perform network analytical operations such as path finding or centrality computations using
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Onager, the graph extension of DuckDB, will be explored. However, actual implementation of
such functionalities in the stable sfnetworks version is outside the scope of this proposal.

4. WP 4: Document and disseminate. The last work package comprises the documentation
and dissemination of the new sfnetworks release. The current documentation website will
be updated with new vignettes and additional examples. We will also prepare a manuscript
for submission to the Journal of Statistical Software, for better visibility and credibility of
sfnetworks in the academic domain. Once the new version is released, we will write a blogpost
on the r-spatial blog, as a follow-up to the initial blogpost when the development of sfnetworks
started in 2019. Finally, we aim to co-host a special session on geospatial network analysis at
the Spatial Data Science Across Languages workshop in 2027, bringing together developers and
users from both the R, Python and Julia communities. During this session, we will present
the new version of sfnetworks, collect feedback, discuss common challenges and potential
solutions, and learn from each other.

Minimum Viable Product
The minimum viable product is a new release of sfnetworks on CRAN that implements the tasks
of at least WP1, including corresponding documentation.

Assumptions
The tasks of WP1 and WP2 require few critical assumptions. The current version of sfnetworks
already builds on igraph, and aligning it to the new igraph release is not expected to cause any
issues. Integration with dodgr has already been explored and is straightforward. The integration
with cppRouting is still to be explored, and assumed to be feasible. The integration with DuckDB in
WP3 is more experimental. We are confident that, given the current functionalities of duckspatial,
spatial filtering of network data before loading anything into R’s memory is feasible to achieve
within the project runtime. However, further integration of sfnetworks functions with DuckDB
and its graph analytics toolbox Onager remains to be explored and is at this stage only assumed
to be a possibility. If this assumption turns out to be false, it would not invalidate the project,
as the formulated aims in this context are merely explorative. Regarding WP4, we are confident
that our manuscript will be considered a good fit to the Journal of Statistical Software, given our
personal experience with writing academic articles and the fact that sfnetworks has already been
used by spatial statisticians. If not, the Journal of Open Source Software and the R Journal will be
considered as alternatives for dissemination. We also assume that the idea to host a multi-language
session on geospatial network analysis at the Spatial Data Science Across Languages workshop will
be positively received. As we know the organizers of the workshop and have good relations with other
geospatial network developers in the different language communities, we consider this a reasonable
assumption. Other conferences such as UseR! or FOSS4G could be considered as alternatives if
needed.

External dependencies
The sfnetworks package has several dependencies, including sf, tidygraph, and igraph. For the
new version, the packages dodgr, cppRouting, and duckspatial will be important dependencies as
well. All these packages are released on CRAN, relatively stable, and can be used in their current
form. The project therefore does not have critical dependencies on the developers of these packages,
e.g. to fix bugs or implement additional features. There are also no critical dependencies on external
services or other projects.
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Project plan
Overview
The project is planned to start in November 2026 and have a runtime of 10 months. The
Spatial Data Science Across Languages workshop in Fall 2027 (exact dates to be confirmed) will
mark the end of the project. The first three WPs are allocated an equal amount of time, 10 weeks
each, without overlap. However, after completion of each WP, testing and bug fixing will continue
until the CRAN release, planned for Summer 2027. WP4 is spread over the entire project runtime,
as documentation of new functionalities will be done alongside code writing. Other dissemination
activities in WP4, such as the journal publication and workshop organization, are clustered towards
the end of the project. The project plan is visualized graphically in the chart below and explained
in more detail in the upcoming sections.

Figure 1: Project plan

Start-up phase
The new version of sfnetworks builds upon the existing version, using the same collaboration
platform, license, etc. First steps in the development of the new version have already been taken
and some of the code is available on GitHub already. Therefore, the project does not require a
start-up phase, and code writing can start right away.

Technical delivery
The main deliverable of the project is the release of version 1.0 of the sfnetworks package. First,
a beta-version will be released on the GitHub repository of sfnetworks. This is planned after
completion of the first three WPs, in June 2027. The release will be accompanied by corresponding
documentation, a changelog outlining how the new version is different from the previous, and an
announcement to the user community with a request to test the new code. Once mature, the new
version will be submitted to CRAN. This is planned for July 2027.
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Other aspects
Besides the technical delivery, the project aims to disseminate the work to a wide audience and
stimulate community engagement. This is achieved through the following deliverables:

1. A blogpost on the r-spatial blog presenting the new CRAN release: July 2027
2. An academic article published in the Journal of Statistical Software: September 2027
3. A cross-language session on geospatial network analysis at the Spatial Data Science Across

Languages workshop: September 2027

If requested, we are happy to also post the blog on the R Consortium blog, and host an online
webinar about the new release.

We will continue to use the current GitHub repository of sfnetworks: https://github.com/
luukvdmeer/sfnetworks. Here, an active user community is already present. The repository contains
an issue tracker for bug reports and feature requests, a discussion forum, a code of conduct and
detailed contributing guidelines. The license of the package will remain unchanged: Apache 2.0.
Regarding social media, we will post updates about the development on the personal Mastodon
account of Lucas van der Meer, who has developed a good network in the field of open-source
geospatial network analysis.

Budget & funding plan
Lucas van der Meer is currently employed as a research assistant with a 20 h/week contract at the
University of Salzburg. He works in research projects that apply geospatial network analysis, but
are not specifically focused on software development and maintenance. The idea of this proposal
is to be able to increase his working hours by 20%, i.e. 4 h/week on average, that he can dedicate
exclusively to the development of sfnetworks. Over the total project runtime of 10 months, this
translates to a total of 160 hours. His hourly income at the university is 53,20 EUR, equivalent
62,50 USD, using the exchange rate on May 1st 2026 of 1 EUR = 1.1743 USD. This sums to a total
funding amount of 10.000 USD. The funding will be split equally across each WP, meaning that
every WP will be allocated 2.500 USD. Hence, the cost breakdown is as follows:

• WP 1: 2.500 USD (40h)
• WP 2: 2.500 USD (40h)
• WP 3: 2.500 USD (40h)
• WP 4: 2.500 USD (40h)
• SUM: 10.000 USD (160h)

Success
Definition of done
The project is considered done when all five deliverables outlined in the project plan have been
delivered. That is, release of a beta-version of sfnetworks v1.0 on GitHub, release of a stable
version of sfnetworks v1.0 on CRAN, publication of a blogpost describing the CRAN release on
r-spatial, publication of an academic article in the Journal of Statistical Software (or similar), and
co-hosting of a special session on geospatial network analysis at the Spatial Data Science Across
Languages workshop (or similar).
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Measuring success
Progress will be tracked on the GitHub repository of sfnetworks. We will continuously commit
the work to Git and push it to the repository, using structured commit messages as described in
the contributing guidelines. For each individual task, we will open an issue in the issue tracker,
and close it once completed. Through these issues, we can also seek support from the community.
The beta-release and CRAN release will be marked with a GitHub release tag, just like all other
previous releases of sfnetworks. Each release will come with a detailed changelog, describing the
implemented changes. The blogpost and journal publication will be openly available to everyone, and
shared on social media. The special session at the Spatial Data Science Across Languages workshop
will be marketed through the Spatial Data Science Across Languages community. Afterwards, we
will write a summary of the session, and share it on social media. The session may also lead to a
journal publication, but this falls outside the scope of the project.

Future work
The sfnetworks package is designed as a general-purpose tool that is meant to be adapted and
extended for application-specific use. As listed in Section 2, this has already been done by various
developers, and we hope this will continue in the future. Lucas van der Meer himself will use the
package in his doctoral research on cycling accessibility and sustainable urban transport planning.
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