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USING KART AND GITHUB FOR VERSIONING
AND COLLABORATING WITH SPATIAL DATA
IN ARCHAEOLOGICAL RESEARCH

1. INTRODUCTION: OPEN SCIENCE, ARCHAEOLOGY, GIT AND VERSION
CONTROL

One of the many aims of Open Science is to enhance the transparency
behind the process of data creation, data manipulation, etc., in order to
foster reproducibility and openness. In fact, an Open Science approach to
data cannot be limited to just a final product, but should provide means to
access and inspect the full creative and methodological process behind data
creation (STRUPLER, WILKINSON 2017). Distributed Version Control Systems
(DVCS), and particularly Git, are one of many tools that has potential to
enhance Open Science practices (RaM 2013). It has been suggested that Git
can help in data management (MArRwICck 2017), lead to greater accountability
and better documentation (Kansa 2012), and provide more opportunity for
feedback and collaboration at different stages of archaeological work (Kansa
et al. 2014). In its simpler form, DVCS allow to inspect snapshots of a file
at different stages, thus making the whole creation process fully transparent,
but also allowing to roll back changes to a specific snapshot.

Most importantly, DVCS, when coupled with remote repositories, allow
for a more efficient collaboration between peers. While these benefits have been
highlighted for some time, DVCS are still not widely adopted by archaeologists
(STRUPLER, WILKINSON 2017; KAROUNE, PLomMP 2022), being mostly employed in
code-based approaches to archaeological data (MArRWICK, BiIRcH 2018; SCHMIDT,
Marwick 2020; BaTisT, RoE 2021, 2023), and, in some cases, for entire archae-
ological workflows, from fieldwork to publication (STRUPLER, WILKINSON 2017).

However, Git and DVCS are not without pitfalls. Apart from the steep
learning curve and the slow adoption, a well-known limitation of Git is the
versioning of binary files. Most of the archaeological workflow is still reliant
on binary files, being either word processors, spreadsheets, geospatial data
or raster images (SCHMIDT, MARWICK 2020). The lack of a way to efficiently
track changes in these point-and-click software means that much of the data
creation and the methods are hidden, unless reported into a not-always-ideal
final report (Kansa 2012).

2. VERSION CONTROL FOR GEOSPATIAL DATA

For text files and tabular data the ‘issue’ of adopting DVCS is overcome
by employing plain text formats like Markdown, TXT, CSV. However, GIS
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is another area in which the graphical nature of the software obscures the
research process, and data cleaning, data restructuring and so on remain
hidden. Advocating for a code-only solution is not feasible, and intermedi-
ate tools should exist to be able to bridge point-and-click with code-based
approaches (STRUPLER, WILKINSON 2017).

Kart (https://kartproject.org/) is a DVCS for geospatial and tabular data,
a cross-platform FOSS software launched in 2020 by the company Koordi-
nates. Kart works with many different formats, such as Geopackages, PostGIS,
MySQL, and support the most common geospatial data types. It is built on
Git, and provides the same Git functionalities but for geospatial data, meaning
that a versioned history of datasets, both locally and remotely is available,
enabling collaboration and changes tracking. Kart is a command line (CLI)
program that bundles both Git and Git-LFS (for large files, e.g. rasters), so
having Git installed on the system is not a prerequisite. As Git, Karts allows
to track granular changes at the layer level (row and cells), making it possible
to clearly inspect commits for spatial dataset and retrieve information in a
meaningful way.

Kart also offers a QGIS plugin (https://plugins.qgis.org/plugins/kart/),
which provides a convenient interface for common Git operations, and,
most importantly, a visual tool for tracking commit history and visualize
changes on a 2D map. More importantly, just like Git, one can host the
versioned data on a remote repository such as GitHub for a more efficient
collaboration.

3. THE AssyrRiAN GOVERNANCE PROJECT

The ‘Governance Policies and Political Landscapes in the Southern
Levant under the Neo-Assyrian Empire’ is a 2-year project based at the
University of Turin, founded by the Gerda Henkel foundation (https://www.
dipstudistorici.unito.it/do/progetti.pl/Show?_id=0sk8)!. The project’s goals
are to understand Neo-Assyrian imperial strategies, and their effects on
population and settlement patterns in the Southern Levant region during
the Iron Age. The study area provides an excellent case study to investigate
long-term changes of archaeological and political landscapes, since across its
history it incorporated multiple socio-political entities, from local kingdoms
to supra-regional empires. Moreover, the area is characterized by an extensive
amount of high-quality archaeological data, providing enough information
for a multi-temporal and multi-scalar analysis.

! The project is funded by the Gerda Henkel Foundation. Additional funding has been pro-
vided by the Rita Levi Montalcini Grant for the project “The Empire Strikes Back: The Geography
of Governance Strategies in the Assyrian Empire’.
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The Southern Levant political landscape and the effect of the Assyrian
domination over its provinces and client states have been a matter of debate
among scholars. On the two extremes, some scholars highlighted how the
so-called Pax Assyriaca was instrumental to economic prosperity, settlement
expansion and adoption of Assyrian values and customs (GITIN 1995; FINKEL-
STEIN, SINGER-AVITZ 2001; STERN 2001; FRAHM 2006; FALES 2008), while
others claimed that Assyrian conquest resulted in destruction and devastation
of annexed provinces, whereas independent regional states flourished (STAGER
1996; Na’amaN 2003; Avranam, WEeiss 2005; Faust 2021). However, it
has been widely demonstrated how a single model is not fit to understand
Assyrian governance strategies, which have been shown to be nuanced and
adaptable depending on the history of the region (MACGINNIS 2016; MORANDI
Bonacosst 2018; DURING 2018, 2020; TysoN, HERRMANN 2018; PARKER
2020). Moreover, these phenomena cannot be disconnected from the larger
framework of Iron Age settlement pattern changes (WiLkiNsoN 2003).

Regarding archaeological data, the project is gathering spatial, quantita-
tive, and qualitative data from published archaeological surveys and excava-
tions, and online resources. In particular, datasets available for the project are:

— The Samaria Survey (FINKELSTEIN et al. 1997);

— The Manasseh Hill Surveys (ZErTAL 2004, 2007; ZERTAL, MIRKAM 2016;
ZERTAL, BAR 2017, 2019; BAR, ZERTAL 2021, 2022);

—The Archaeological Survey of Israel online database (https:/survey.antiquities.
org.il/), and excavation reports from the «Hadashot Arkheologiyot Journal»
(https://www.hadashot-esi.org.il/default_eng.aspx);

—settlement patterns and demographic studies (BRosHI, GoPHNA 1984, 1986;
GoprHNA, PorTUGALI 1988).

In the case of published survey, the process of gathering spatial infor-
mation included manual georeferencing of survey maps and digitisation of
archaeological site points. In case the georeferencing process resulted in high
inaccuracies, a manual registration of sites coordinates into a CSV file was
carried out. This file has later been imported in QGIS and integrated in the
project database, consisting of a single geopackage file. For online databases,
site information was stored in CSV format and then imported in the database.
Most of the work is carried out in QGIS, with sites information stored in the
layer attribute table. While the database is still under refinement, currently it
stores around five thousands sites and more than twelve thousands occupa-
tional phases (see also PALMIsSANO et al. 2019) (Fig. 1).

The project is organized around a workflow aimed to be as transparent
as possible, not only in the final results, but also in the different stages of
data creation, data cleaning, analyses, etc. The project lives on GitHub, with
a homepage (https://github.com/UnitoAssyrianGovernance) and different
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Fig. 1 — Project extent and archaeological sites digitized from different sources.
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Fig. 2 — Kart QGIS plugin main interface with the list of available layers present in the database.
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repositories for any project activity: data, analyses, publications/talks. The
use of multiple repositories will allow hlgher flexibility and granular control
in collaborating, accessing, licensing, publishing, and sharing data. Project
activities are also tracked leveraging the GitHub ‘issues’ functionality available
on any repositories, and collected into a kanban board (https:/github.com/
orgs/UnitoAssyrianGovernance/projects/5). The project also offers a public
wiki (https://github.com/UnitoAssyrianGovernance/.github/wiki) which hosts
most of the project documentation, updated as this proceed. The wiki also
gather methods and conventions used inside the project, but offers also a
guide on how to use the dataset and how to use Kart, which is the basis of
the workflow attached to the paper.

Kart is inserted into the aforementioned workflow to provide transparen-
cy and openness to the process of working with geospatial data. In particular,
the main aims are versioning vector data, collaborating with project members
remotely, and to have a public record of changes made to the spatial database
layers (Fig. 2).

3.1 Kart for remote collaboration

The project adopts a very common workflow for collaboration, based
on Git features such as branching and merging, with the following structure:

— main branch: considered the final copy, where only completed data are
merged;

— feature branch: these are the branches worked on daily, with as many branch
as many collaborators as possible inside the project.

Feature Branch 2

Git Merge
Layer-2 v1.1

Layer-4 vi.1

. Main Branch

Layer-1 v1.0
Layer-2 v1.8
Layer-3 v1.0
Layer-4 v1.8

Layer-1 v1.1 Layer-1 v1.1
Layer-2 v1,1
Layer-3 v1.1 Layer-3 v1.1

Feature Branch 1 Layer-4 v1.1

Git Merge

Layer-1 v1.0.1 Layer-1 v1.1

Layer-3 v1.0.1 Layer-3 v1.1

Fig. 3 - Simplified representation of Kart workflow.

111


https://github.com/orgs/UnitoAssyrianGovernance/projects/5
https://github.com/orgs/UnitoAssyrianGovernance/projects/5
https://github.com/UnitoAssyrianGovernance/.github/wiki

A. Titolo, A. Palmisano

From: 1970/01/01 € ~  To: 2024/04/05 & ~  Filter:

Graph Refs Description

Add map 67 (Kohn-Tavor 2014)
Add map 76 (Paz-Lalkin-Danino 2014)
Add map 72 (Barda 2013)
Add map 7@ (Gophna-Ayalon 2015)
Add map 71 (Gophna-Ayalon 2015)
Add map 69
Add map 77
Add maps 52, 54, 56, 56, 58, 61
Add Ne'man-Sender-Oren (map 53)
Start adding new references
Add unkwnown site morphology type

X origin/main origin/dev origin/HEAD I Merge branch "dev_ale" into dev
Remove old digitalizations

| origin/dev_ale dev_ale_local Changed dataset 'archaeo_sites’

2 Changed dataset 'archaeo_sites’

Changed dataset ‘archaeo_sites’
Changed dataset 'archaeo_sites'
Changed dataset 'archaeo_sites'
Changed dataset 'archaeo_sites'
Changed dataset 'archaeo_sites'
Changed dataset ‘archaeo_sites’
Changed dataset 'archaeo_sites'
Changed dataset 'archaeo_sites'

Changed dataset 'archaeo_sites' -
4 »

SHA-1: 4704f937f3121592ae02ffed40alf1355796cec86
Message: Changed dataset 'archaeo_sites'
Parents: 64873124ea732dafa58b197895f6aabc5d420bbd

Fig. 4 — Example of Kart QGIS plugin visual commit log.

In this workflow, each project member works on a separate feature
branch, edits the layers and pushes the branch to the corresponding GitHub
repository when needed. When a specific task has been completed (e.g. the
digitization of an entire survey catalog), the feature branch is merged into
the main branch (Fig. 3).

3.2 Kart for version control of spatial data

The advantage of version control is that each project member is able
to track the edits made in GIS, and to easily revert back if mistakes were
made. Data cleaning, refactoring of tabular structure, and other changes
made during the project can be easily highlighted by looking at the commit
history (Fig. 4). This in turn helps to highlight issues, presents the reasoning
behind methodological choices and provides a reference beyond the simple
final product. In the project framework, Kart was tested on two MacOS
machines, and on an Ubuntu-based Linux machine. Since the workflow is
rather simple, there were not many issues in the collaboration process. The
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only complication presented itself when merging data on the same layer from
two different branches, which caused an overlapping conflict of the unique
primary IDs generated by the geopackage. To solve the issue, one has to resort
to the command line, which offer to automatically renumber one of the two
conflicting series of IDs2.

4. DISCUSSION AND CONCLUSIONS

One of the long-standing issues of collaborating on any GIS project is how
to handle either simultaneous edits on the same data or how sharing the same
data among colleagues after each edit. Using a DVCS based on different work-
ing branches is one of the ideal solutions to overcome this problem. Commit
messages are also self-explanatory and can clearly define what changes have
been made to the dataset even before a collaborator inspects them. Kart allows
multiple people to efficiently work on the same dataset without the need for
back-and-forth emails, drive uploads, or personal communications for updates
on the dataset. Rolling back through commit history to correct mistakes is
also generally easier than trying to recover something made during an undo-
cumented change. The graphical user interface provided by the QGIS plugin
also allows for a convenient visual change inspection (Fig. 5). This plugin,
while still lacking some functionalities of the CLI, if further developed, could
effectively bridge the gap between code-based approaches and mouse-driven
software, since ideally the use of the terminal could be completely avoided.

Another advantage is related to the way Kart stores the spatial dataset
on a remote repository. Data are in fact broken down in a series of SQL-like
tables instead of a single file. While this could make things harder to read, it
also makes it harder to access spatial information about the sites. This might
be relevant in the ongoing discussion about site stewardship related to public
data sharing (e.g. COHEN et al. 2020; FISHER et al. 2021). One of the authors
also employed Kart during fieldwork, specifically for versioning daily data
and provided a record of data cleaning and processing after collection. This
aspect is important, as very few attempts have been made to integrate DVCS
in fieldwork activities, highlighting how one missing tool was a way to keep
track of GIS/Rasters data (STRUPLER, WILKINSON 2017), which is exactly the
gap that Kart can fill.

However, one must recognize that Kart is still not a widely accessible
tool and it presents a steep learning curve (only partially mitigated by the
graphical plugin). While being built on Git means that the workflow will be

2 A tutorial and a dataset to drive step by step any practitioner interested in learning how
to use Kart is available at https://unitoassyriangovernance.github.io/kart4arch/ and have also been
deposited in Zenodo: https://zenodo.org/records/10962416.
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familiar for Git users, most archaeologists are likely not confident enough
with coding tools and terminal applications, and training and resources will
be needed if a wider adoption is hoped for. Most of the features are also use-
ful only if a specific workflow is adopted, as incorrect or partial information
might hamper the collaboration process and transparency. This workflow
is suitable for desk-based work, but it might be considered slower or less
efficient in situations such as fieldwork, when time constraints are higher
and Internet connection is not always available (although internet access
is not a requirement). Another limitation is the lack of easier methods for
solving merging conflicts (see above), which still require manual use of the
CLI (although according the documentation tools to smooth this process are
in development).

However, while being a relatively young and small tool, Kart can fit
well in the Open Science practices applied to archaeology. Kart is still under
development, and while mature enough in our opinion, it might still face
substantial changes before reaching a stable state. Nonetheless, the authors
think that it can provide a valuable addition to the current archaeological
workflow regarding spatial data management, with our project being a main
testing venue for its applicability.
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ABSTRACT

Distributed Version Control Systems are one of the common ways through which
scientists collaborate and keep track of different versions of their work. Moreover, scientists,
programmers, etc., have been using platforms such as GitHub to host and share their resourc-
es versioned through Git. While not as widely adopted as in other disciplines, Git has also
been used in archaeological research. In fact, DVCS allow scholars to collaborate remotel
and offer the transparency necessary to align with Open Science and reproducible researcK
practices. However, Git is highly inefficient when versioning GIS data. Kart, described as «an
open source DVCS for geospatial and tabular data built on git», is a software addressing the
need for collaboration and finer incorporation of geospatial data, providing also an integration
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with QGIS. Kart and code-hosting websites offers unique resources for archaeologists, from
collaboration to more efficient workflows. In this paper, an example of how the authors are
using Kart, QGIS, and GitHub in the project ‘Governance Policies and Political Landscapes in
the Southern Levant under the Neo-Assyrian Empire” will be presented. With this case study,
the authors hope to provide a solution to the current gap in the workflow of documentation
and collaboration among archaeologists using GIS.
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