HACKING LIMNOLOGY
WORKSHOP AND DS0S22
Creating a Community of
Practice for the Nexus of Data
Science, Open Science, and the
Aquatic Sciences
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INTRODUCTION

The 2nd Aquatic Ecosystem Modeling-Junior
(AEMON-J) Hacking Limnology Workshop and
3rd Virtual Summit: Incorporating Data Science
and Open Science in the Aquatic Sciences
(DSOS) took place on 25-29 July 2022. These
virtual events were developed to bring together
researchers from diverse backgrounds to share
developments in data-intensive research in the
aquatic sciences and train participants in cut-
ting-edge data analysis methods related to
remote sensing, data pipelines, and modeling
of aquatic ecosystems.

Over 525 people from more than 50 coun-
tries and six continents registered for the
week-long event. As in previous years, there
were no registration costs for the workshop or
summit. Countries with the highest number of
registrants included the United States (49.2%),
Canada (7.5%), Germany (7.1%), Brazil (4.7%),
and Nigeria (3.0%). The majority of registrants
(61.2%) identified themselves as being in early
career positions (i.e., graduate students and
post-doctoral researchers; Fig. 1A), and work-
shop registrants also broadly self-labeled them-
selves as having more intermediate experience
with aquatic ecosystem modeling compared to
previous years (Fig. 1B). Regardless of whether
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meeting highlights

through the hands-on coding workshops. While
the format, topics, and number of registrants
were similar to previous years, AEMON-J and
DSOS created a joint social media account
(https://twitter.com/HackingLimno), which is
designed to promote work, opportunities, and
news that intersects with data science, open
science, and the aquatic sciences. This social
media account is intended to increase engage-
ment with the Hacking Limnology Community
year-round. Those interested in being involved
at the leadership helm can contact the organi-
zational team.

registrants were able to attend synchronously
during the time of the workshop and summit,
all recordings and materials were made avail-
able on the combined Open Science Framework
archive for AEMON-J and DSOS (Meyer
et al. 2022) for asynchronous viewing and
access.

The combined workshop and summit ran
over the course of 1 week and expanded on pre-
vious years’ successes, while also opening new
initiatives. As with previous years, the work-
shop provided participants with diverse talks
and opportunity to learn data-intensive skills
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FIG. 1. Reported (A) position and (B) modeling experience for registrants across 2021 and 2022 workshop
series. The majority of registrants (61.2%) self-reported as an early career researcher (i.e., graduate student,
post-doctoral researcher, or “early career-other”). Faculty and government employees were the second (20%)
and third (9.5%) self-reported positions, respectively. Self-reported, average modeling experience among regis-
trants was 4.5 (SD = 2.3), which was slightly higher than self-reported modeling experience in 2021
(mean = 4.0; SD = 2.3). A score of 1 was defined as “Novice” and 10 was defined as “Advanced.”
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THE <HACKING LIMNOLOGY>> WORKSHOP

The 2022 “Hacking Limnology” workshop series
took place on 25-27 July 2022, covering topics
of “Remote Sensing,” “Data Science,” and
“Aquatic Ecosystem Modeling.” Workshops were
structured similarly to the previous “Hacking
Limnology” series (Meyer et al. 2021b); intro-
ductory videos were made available for viewing
on the program’s website 7-10 days before the
start of the event and were intended to be
watched beforehand. At the beginning of each
day, the organizational team gave a short intro-
ductory presentation, which included guide-
lines for asking questions, the code of conduct,
and introductions to the workshop leaders. A
pre-recorded, 15-min keynote presentation was
live-streamed, followed by a live “Question and
Answer” session, where attendees could submit
questions to the introductory and keynote
speakers through an online form. Afterward, we
hosted a live, hands-on, 2-h workshop, involv-
ing coding tutorials and modeling. Each day
ended with a “social hour” in which partici-
pants could interact with the workshop leaders
and with each other to explore the workshop
material further, discuss collaborative project
ideas, and network with workshop leaders and
participants. Approximately 90-100 people
attended the workshop series each day, which
were the highest numbers recorded for atten-
dance of previous DSOS/AEMON-J workshops
(2021) on data science (~50 attendees) and
ecosystem modeling (~40 attendees) (Meyer
et al. 2021a, b).

To establish a broad introductory toolkit for
early career researchers interested in computa-
tional aquatic science, we addressed new topics
in the 2022 event, such as building data pipe-
lines (Meyer et al. 2021b). During the “Remote
Sensing” day, participants were introduced to a
suite of existing remote sensing products,
including a tutorial on how to process raw data
into more useful environmental data, and the
importance of ground-truthing remote sensing
data. In the live coding workshop, the partici-
pants implemented water quality spectral indi-
ces, and extracted a chlorophyll a time series
for the surface waters of Lake Pontchartrain
(Louisiana, USA), using Google Earth Engine
(Gorelick et al. 2017). The “Data Science” day
focused on workflow management software,
including what tools are available, what the
potential benefits are, and, during the live cod-
ing session, how to set up a reproducible data
processing pipeline. The data used for the
workshop were provided by the U.S. National
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Ecological Observatory Network (NEON; https://
www.neonscience.org/), and the live coding
session introduced the participants to the tar-
gets R package (Landau 2021). In the final
workshop on “Aquatic Ecosystem Modeling,”
participants were introduced to the general
principles, assumptions, and uses of aquatic
ecosystem modeling. Furthermore, there was a
live training workshop on the model suite of
the General Ocean Turbulence Model and Water
Ecosystem  Tool  (GOTM-WET)  (Umlauf
et al. 2005; Schnedler-Meyer et al. 2022), using
the QGIS  (https://www.qgis.org/en/site/)
graphical user interface QWET (Nielsen
et al. 2021) to simulate temperature and water
quality dynamics in a Danish lake.

While the structure of the 2021 and 2022
workshop series was similar, there were some
key, organizational differences. The 2022 work-
shop series lasted 3 days, compared to the pre-
vious year's 4 days, which was partially done to
strengthen the association between the work-
shop series and the DSOS summit, promoting it
as a single, 1-week event with two parts, rather
than separate activities. We note that 75% of
participants registered for both events. Addi-
tionally, the duration of the keynote presenta-
tions was shortened from 25 to 15 min to
lessen the fatigue of online presentations and
to allow for a longer and more active Question
and Answer session. The participants actively
made use of the question forms, which allowed
the organizers to follow up on questions after
the workshop. During the social hour, partici-
pants frequently asked for elaboration and
feedback related to the workshop content. Col-
laborative projects regarding the remote sens-
ing applications, data pipelines, and modeling
initiatives were lively discussed.

THE VIRTUAL SUMMIT #DS0522

Following the “Hacking Limnology” workshops,
the 3rd annual “Virtual Summit: Incorporating
Data Science and Open Science in Aquatic
Research” ran on 28-29 July 2022. The third
edition of the summit was organized in the
same structure as the previous years with pre-
recorded talks and a live Question and Answer
session with presenters (Meyer et al. 2020,
2021b). The summit consisted of four main ses-
sions each of which hosted approximately five
speakers and lasted 1.5 h, organized around
the themes of “Big Data,” “Data Intensive
Models,” “Tools and Software,” and “Applica-
tions of Open Science.” Presentations included
a wide range of themes such as global and

regional databases, data-driven and process-
based model applications, and open-source
tools to help managers, educators, and
researchers engage in ecoinformatics and
remote sensing. In addition, two panels com-
posed of a diverse team of researchers dis-
cussed “Operationalizing Data Interoperability”
and “Careers in Data Science and Open Sci-
ence.” Above all, the main goal of the summit
was to bring together diverse early career
researchers to share how they bring data sci-
ence and open science into their research.
Approximately 50-80 people attended each day
of the summit, with approximately 80% of pre-
senters and panelists at early stages in their
respective careers.

Building on previous summits, the 2022
summit was committed to diverse representa-
tion of speakers and panelists. In particular,
the 2022 summit increased the opportunities
for accessible non-English participation. While
the 2021 summit had one presentation in Por-
tuguese, the 2022 summit had three non-
English presentations in French, Portuguese,
and Persian. Each talk was live-streamed with
English subtitles, and slides were either
completely in English or in a combination of
English and the spoken language. The Question
and Answer session, however, was all in
English. Outside of presentations, participants
could interact in 10 language channels on the
DSOS virtual workspace which included Spanish,
Portuguese, French, German, Russian, Polish,
Serbian-Croatian-Bosnian-Montenegrin, Italian,
Turkish, and Mandarin. Each channel was mod-
erated by a volunteer, who was responsible for
ensuring that each language channel remained
in congruence with our community code of
conduct.

Beyond virtual components, a new initiative
for the 2022 summit was encouraging regional
“Watch Parties,” where participants could phys-
ically meet to watch the live stream of the sum-
mit. To organize watch parties, we created a
form, where respondents could mark themselves
as interested in attending or organizing a local
watch party. Once registered, participants
would have access to the response document,
where they could locate and contact individuals
in their region. Ultimately, two “watch parties”
at the University of Wyoming and the University
of Wisconsin-Madison were organized and hel-
ped bring physical presence to an otherwise vir-
tual event. Each watch party consisted of three
to eight participants and was primarily orga-
nized by individual departments and lab
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groups, who could watch the summit’s presen-
tations together in one space.

MOVING FORWARD

Much like previous virtual summits and work-
shops (Meyer and Zwart 2020; Meyer
et al. 2021b), the 2022 Hacking Limnology
Workshop and Summit received overwhelmingly
positive feedback from presenters, panelists,
and participants. Unlike previous years, the
2022 workshops and summits occurred at a
time when in-person scientific conferences,
field sampling campaigns, and lab work were
returning. While virtual conferences are likely
here to stay (Meyer et al. 2021a), there will be
growing pains with learning how virtual confer-
ences attract participants, presenters, and pan-
elists, in times when in-person activities can
compete with virtual events. While registra-
tion was comparable for the 2022 workshops
and summit, synchronous engagement with
the summit was lower than previous years,
whereas synchronous workshop engagement
was higher than the previous year. These dif-
ferences could stem from any number of rea-
sons, such as limited time to attend both the
workshop and summit in the same week,
dependent-care responsibilities, time zone
differences, field or lab work obligations, pri-
oritization of in-person conferences or train-
ing opportunities like the workshop days, or
general fatigue of online meetings and listen-
ing to online presentations in daily life. Con-
sequently, the Open Science Framework
archive (Meyer et al. 2022) is a resource for
previous years’ recordings, workshop mate-
rials, and general information. By aggregating
advanced data science and open science train-
ing as well as outreach materials in one place,
the archive further serves as a resource for
asynchronous, extended, and accessible
engagement with the larger aquatic sciences
community, thereby lowering barriers for
inclusion and engagement.

Despite the rapidly evolving challenges of
working and living more than 2 years into the
COVID-19 pandemic, the success of the second
hacking limnology workshop and third virtual
summit suggests that the global aquatic sci-
ence, data science, and open science commu-
nity continue to engage at this nexus.
However, to continue building on our current
foundations, the organizational team is inter-
ested in creating opportunities for new leader-
ship and trajectories for the larger “Hacking
Limnology” community as well as in exploring

potential for external funding that can spur
new and sustain current initiatives. While the
exact structure is being decided, the organiza-
tional team is enthusiastic about the potential
to bring in new ideas, backgrounds, disciplines,
and skill sets. By expanding the leadership
helm, we hope to help even more practitioners
from all backgrounds engage in this exciting
science.
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