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FAIR Models

by Rolf Hut

The geoscientific modeling community has encountered
its fair share of changes over the last decades, of which
I want to single out two in particular. Under the flag
of “Open Science,” scientists are encouraged to share
as much of the scientific process as possible. Open
Science gives decision makers more insight into how
the scientific conclusions they rely on were established.
Open Science gives underprivileged access to scientific
knowledge hitherto inaccessible. And certainly not least:
Open Science gives fellow scientists access to the data
and software underlying scientific results, which makes it
much easier to review and build on those results. A second
development is the continuing integration of different
fields within geoscience. Smart groundwater models are
needed as part of climate models that predict our human
impact on the entire climate system: from groundwater
availability to global climate change.

Looking back at my own first geoscientific paper,
the study of groundwater flow around dams in Kenya,
we did what was standard back then: we built our
own model from scratch and in the article provided
all of the equations and results, but none of the code
or data. Since our model was written for a version of
Matlab that is now 15years old, it is highly unlikely
that it will still run, even if someone can get their
hands on it. We have come a long way since then.
The scientific community has introduced the FAIR
principle for Findable, Accessible, Inter-operable and
Re-usable science. FAIR was introduced for research
data (Wilkinson et al. 2016) and has been extended to
include research software (Lamprecht et al. 2020). The
idea behind FAIR software and data is that if science is
FAIR it should be possible for others to both reproduce
as well as build on it. Luckily research data and software
are increasingly published alongside articles. Journals and
science funding agencies have started to demand that
scientific results are published openly, including data and
software (Nature Geoscience 2019).
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Sharing my code and data does not automatically
make my results reproducible and thus my science re-
usable. Anyone who has ever tried to get someone
else’s model to run on their own computer recognizes
this. Different operating systems, different programming
language versions, or more obscure: different versions
of common libraries, all make it difficult to be really
“FAIR.” Ideally, I want to give other scientists (access
to) my computer, so they can work in exactly the same
environment. But I am not that idealistic and I really need
my computer for work. The next best thing is to use
software containers: small virtual machines that contain
everything needed for a specific task. A container running
a groundwater model contains the code of the model
as well as all the libraries and compilers needed to run
that specific model. To make our geoscientific modeling
work re-usable I highly recommend we use containers as
runtime environments for our models.

Containers may solve the “R” of FAIR, but there is
still an issue with the “I” of inter-operable. Our 15-year-
old Matlab model was never built with the intention to
couple it with another model: no parameters are exposed,
no way to interact with it other than reading the output.
Luckily this has also changed over the years. Model
interfaces such as OpenMI (Harpham et al. 2019) and BMI
(Hutton et al. 2020) are becoming community standards to
incorporate into models. MODFLOW 6 has BMI, which
makes coupling easier than ever before.

Since Hutton questioned whether computational
hydrology is even science when it cannot be replicated
(Hutton et al. 2016), part of the modeling community has
taken up the challenge to provide us all with tools that
make it easier to do our work in a FAIR manner (see Hall
et al. (2021) for an overview). Personally, I’ve been work-
ing on the eWaterCycle project (Hut et al. 2021) where
we have combined the container and interface technology
mentioned above to provide computational hydrologists
with a framework where they can more easily work with
each other’s data and models. eWaterCycle provides a
clear separation between the model, and the scientific
experiment done with the model. Interaction with models
is through a language agnostic version of BMI, making
it easy to do experiments such as swapping one model
for another one, or coupling one model to another one,
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even if these models are written in different programming
languages.

The tools provided in eWaterCycle and similar efforts
throughout the community have made it easier to do our
work in a “FAIR” way. I would love it when in the next
review of a modeling study I can run the experiment
myself, play with the results and thus better assess the
science. I would love it when my own studies are both
re-done and built upon with greater ease by others in
our community. I call upon journal editors and reviewers
to ask authors to make their work FAIR. But above all,
I call upon scientists themselves: make your work FAIR
so others can reproduce and build upon your work and
ultimately you can have more impact with your science.
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