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STeMP: A Spatio-Temporal Modelling Protocol

Jan Linnenbrink, Jakub Nowosad, Marvin Ludwig, Hanna Meyer

Background: Spatio-temporal machine learning is increasingly used in geosciences to derive spatial continuous data (“maps”) of the environment
based on limited field observations and remote sensing data

Problem: Models and their predictions often lack transparency and reproducibility due to inadequate reporting of assumptions, modelling
decisions, uncertainties and applicability, which calls for a standardized documentation. Existing model documentation standards, however, are
either generic (e.g., for general ML) or tailored to very specific applications. A protocol for spatio-temporal ML is missing.
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* Which data have been used for model training?

* What is the source and resolution of the predictors?
* How was the model tuned?

* How was the performance measured?

* Where do the reported performance statistics hold?
* What is the expected uncertainty in a specific area?
* Can the model be applied beyond South America?

* |s it still valid when the climate changes?

* Under which assumptions does the model hold?
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Example application: Modelling plant Species richness of South America ‘

Aim of STeMP: To guide and
standardize model development and
reporting in spatio-temporal ML
applications. We will start with a static
reporting standard, but our long-term
vision is to evolve into a semi-automated
tool, where users can upload model
objects from which key protocol fields
can be automatically filled and
diagnostic figures generated.

Draft Protocol on GitHub

Your Ideas & Insights Welcome!

Components of the protocol

Response

Acquisition*, Geometry, #Samples®*,
#Classes, #5amples/Class, Range,
Sampling Design*, CRS, Data sources

Model _
Interpretation

xAl methods, Inference

Model
training
Ty'pe* Al Dl'lthl"l'l: Architecture,
- raining domain®, Biases,
Predictors Hfoctids Rav

Type*, #Predictors*, Names, ’rediction domain®, Evaluation strategy?*,
Preprocessing, Data sources Uncertainty quantification method*,
Post-processing, Threshold selection

Model
selection

Model validation strategie¥®,
Validation metrics, Validation results¥,
Predictor selection strategr*

Tested hyperparameter values

* What applications or domains do you see for this protocol?
* What critical spatio-temporal aspects should be reported?
* How can we improve adoption and practical use?

* Are there any challenges or opportunities we may have missed?
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