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More than code

Building scientific software that lasts.

When Patrick Jockel was 16 years old, he wrote to atmospheric chemist Paul Crutzen asking for

information for a school project. A few days later, a parcel arrived, filled with articles, reports and

background material. That unexpected reply not only helped Patrick finish his assignment—it also

sparked a fascination that would shape his entire scientific career. Today, MESSy forms the software

backbone of a long-standing scientific community working on atmospheric chemistry and Earth system
modelling. In this Deep Dive, Patrick Jockel reflects on more than twenty years of MESSy, the value of

building communities rather than just software, and why the hardest challenges were never technical.

Interview by Iris Ehlert

The Beginning

Can you remember when you first became interested in
climate research?

I was around sixteen years old when I wrote a letter to Paul
Crutzen. At the time, I was preparing a school assignment on
climate research and simply asked whether he might have

some material that could help me.

A few days later, a parcel arrived, filled with articles, reports

and background information. I was completely
overwhelmed. I think that moment really sparked my

fascination with climate research.
And from that moment on, the path was already clear?

No. Towards the end of school, I had to decide what to
study. I chose physics, specializing in nuclear, atomic, and
plasma physics. After finishing my diploma, I applied to the
Max Planck Institute for Chemistry in Mainz. Even then, the
topic of my PhD wasn't fixed. It was completely open
whether I would end up in laboratory work or in modelling.

That decision came almost by chance.
So, becoming a modeller wasn’t the original plan?

Not at all. But there were already five people working in the
lab, so at some point I thought: "Well, there are already

enough people measuring—I'll do the modelling instead.“

It wasn't a strategic career decision. It just felt like the place

where I could contribute most.

Today, many people associate your name with MESSy.
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For readers who may not know it yet: what exactly is
MESSy?

Many people think MESSy is an atmospheric chemistry
model—or even an aerosol model. I completely understand
why, because atmospheric chemistry was where everything
started.

But that's actually a misconception. MESSy itself is neither a
chemistry model nor an aerosol model. Instead, it is a
software framework for assembling different components of
an Earth system model into one coherent system. On the one
hand, it provides the infrastructure and interfaces that allow
model components to interoperate with each other. On the
other hand, it already contains a large collection of scientific

submodels that make use of this framework.

» MESSy is not messy. «

Over the years, it has grown far beyond its original purpose.



When software became the challenge

MESSy has been evolving for decades. Was there a
master plan from the beginning?

Not at all. Originally, we simply wanted to extend an
atmospheric general circulation model with atmospheric
chemistry. At the time, that was the scientific challenge we

were interested in.

What we didn't anticipate was that the software itself would
become the much bigger challenge. Atmospheric chemistry
is not just one process. It involves emissions, transport,
kinetics, aerosols, clouds, radiation, deposition—many
tightly coupled processes that constantly exchange
information with each other.

But there was another problem. The underlying atmospheric
model, ECHAM, was still under heavy development. Every
few weeks, new versions appeared with major structural
changes. We knew that simply copying the code and
maintaining our own version would eventually isolate us
from future developments. So instead of asking "How do we

add chemistry?" we started asking a different question:

"How can we make our own developments as independent as
possible from software we don't control?” That question

shaped everything that followed.

When did you realize that software architecture had
become the real challenge?

Surprisingly early. Within the first few years we realized that
the chemistry itself wasn't the limiting factor. We already had
the scientific expertise in the team. The real challenge was
organizing all these processes in a way that remained

maintainable over many years.

» Technically, almost everything is possible.
The real challenges lie in human
communication. «

By the time we wrote our first concept paper in 2005, many
of the ideas that today we would simply call modular

software architecture were already there.

Looking back, that early decision to invest in
modularity rather than quick solutions seems to have
shaped MESSy ever since.

I think so. We learned very early that software has to be
designed for change. Models evolve, scientific questions
evolve and technology evolves. If your software cannot
evolve with them, it won't survive. That's why we invested so
much effort in clean interfaces and modular structures. It
required more work in the beginning, but it paid off over the

long term.

There were situations where we deliberately chose the longer
development path because we knew it would result in a more
sustainable solution. We often heard that our approach was
too complicated or too expensive in terms of performance.
But in the end, we always found a way to satisty the scientific
requirements without compromising the architecture or
even performance. It sometimes took longer—but I think
that has been one of the reasons why MESSy is still around
today.

How did MESSy actually get its name?
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Quite spontaneously, actually. We were travelling by train to
a workshop and realized that we still didn't have a proper
name for the project. So, we started playing around with
acronyms until one colleague suddenly came up with
"MESSy".

Everybody liked it immediately. Of course, we were aware
that "messy” isn't exactly a flattering word in English, which
is why our website has always said: "MESSy is not messy.“ It
was a bit self-ironic. After all, we were trying to replace the
spaghetti code we had inherited with something much

cleaner and more structured.

At one point there was even the suggestion to rename the
project—but by then the whole developer community was
already attached to the name. So MESSy stayed MESSy.

From code to community

Was there a moment when you realized that MESSy
had grown beyond its original scope?

There wasn't one defining moment. It happened gradually.

One milestone I remember particularly well was our first
release workshop in 2006. We invited colleagues from the
atmospheric chemistry community to see what we had built
and to try it themselves. We expected some interest—but we
certainly didn't expect that so many groups would adopt

MESSy so quickly.

That was probably the first time we realized that MESSy had
grown beyond our own project. As more institutes joined, it

also became clear that we needed a different way of working



together. That's why we founded the MESSy Consortium in
2013—not as a formal organization, but as a framework for

collaboration.

Many scientific software projects struggle when people
move on. MESSy has been around for over two decades.
‘What made the difference?

I think we realized quite early that software alone isn't
enough. The real challenge is communication. Different
institutes naturally have overlapping scientific interests. If
you don't address that openly, people can easily end up
duplicating work—or even competing without realizing it.

» Plan first. Code afterwards. «

That's why we introduced simple mechanisms like Letters of
Intent for new groups. Not because we wanted to control
anyone, but because we wanted to connect people. If two
groups are working on similar ideas, why not let them
collaborate from the beginning? In almost every case, that

created added value for everyone involved.

At this year's EGU, you looked back on more than
twenty years of continuous software development.
What has been the biggest lesson for you personally?

Technically, almost everything is possible. The real
challenges lie in human communication. That has probably

been my biggest lesson over the past twenty years.

People often assume that the difficult part is writing the
code. In my experience, that's rarely true. The difficult part is
communication, openness and keeping the bigger picture in
mind. Once people trust each other and genuinely want to

work together, technical solutions usually follow.

If that's the biggest lesson, what advice would you give

someone starting a scientific software project today?
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Plan first. Code afterwards. It sounds almost too simple, but
good software engineering begins long before the first line of

code is written.
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Opening MESSy

MESSy is now preparing for its open-source release
after more than twenty years of development. How
does that feel?

Perhaps a little bit like watching your children leave home.
You spend decades building something, shaping it, taking

care of it—and then, suddenly, it starts its own life.

Of course, preparing for open source also means going
through the code one more time. We reviewed licenses,
cleaned up the infrastructure, harmonized coding
conventions and even took the opportunity to further

improve the framework itself.

» Preparing MESSy for open source
feels a little bit like
watching your children leave home. «

But the technical work isn't what I'm most curious about.
I'm looking forward to seeing what other people will do with
it. I hope new institutions will join, that more people will
contribute, and that the community will increasingly help
itself instead of relying on a handful of core developers. That

would be the nicest outcome.
Building software together

MESSy has completed three natESM sprints over the
past years. What difference did that collaboration
make for your project?

It made quite a difference. One challenge throughout the
entire history of MESSy has been that the software itself was
never directly funded. We always developed it alongside
scientific projects. Of course, the scientific work was funded,

but the software infrastructure largely evolved "on the side”.

That means there are always important software-engineering
tasks that are difficult to justify within a scientific project—
cleaning up code, improving interfaces, modernizing the

infrastructure or preparing an open-source release.



The natESM sprints gave us dedicated time to work on
exactly these kinds of tasks. Things that had been on our to-
do list for years suddenly became possible because software
engineering itself became the focus. I think that kind of

support is extremely valuable for scientific communities.

From MESSy to Comln
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Today, many people associate your name not only with
MESSy, but also with ComIn. How did that
development come about?

It actually started with a familiar problem. When we began
working with ICON, we realized that we were facing almost
exactly the same situation we had encountered twenty years
carlier with ECHAM. The model was evolving rapidly,
interfaces kept changing, and anyone extending the model

constantly had to adapt their own code.

As more and more communities encountered the same
challenges, colleagues from the German Weather Service
(DWD) approached us and asked whether we would be
interested in developing such an interface together. Of

course we said yes.

By then, we had accumulated almost twenty years of
experience with MESSy. Many of the design principles we
had developed there—clean interfaces, modularity and
independence from the core model—naturally found their
way into Comln. I should also say that the real
implementation was very much a team effort. Florian Prill at
DWD and I shared the project leadership, while most of the
actual development work at our institute was carried out by
Kerstin Hartung and Bastian Kern together with colleagues
from DWD, the German Climate Computing Center
(DKRZ), and the Jilich Research Center (FZJ). Today, they
know the framework far better than I do and are really the
experts behind its ongoing development.

That's exactly how I think scientific software should evolve.
Projects become successful when knowledge spreads beyond
a handful of people. Today, it's exciting to see how widely
Comln is being adopted. The number of plugins is growing
rapidly, and I think many people recognize that this kind of

interface has become a real game changer.

One final question

If you could go back and give one piece of advice to the
young Patrick who had just started his PhD in Mainz,
what would it be?

Don't take things personally.

When you're just starting out, you tend to assume that
criticism is directed at you as a person. Over time, I realized
that's usually not the case. People have different opinions.
They argue because they care about getting things right—
not because they want to attack each other. Once you

understand that, collaboration becomes much easier.

» Don’t take things personally. «

In 2005, Patrick Jockel
(left) and Rolf Sander
(right) received the Heing
Billing  Award  for the
Advancement of Scientific
Computation  from Prof.
Kurt Kremer.

A milestone  early in
MESSy's development.
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