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Student assessment
The worksheet approach was implemented in three courses: MEA 412 Atmospheric Physics 
(undergraduate 2019 and 2020) and MEA 703 Atmospheric Aerosols (graduate, 2020). The 
2019 version of the worksheets differed from the 2020 version in the number of exercises 
and order of instruction. Responses were collected as part of the regular course evaluations. 
Table ES1 includes selected student comments. Comments were included if they mention the 
learning materials/methods used for instruction. Comments correspond to anonymous written 
responses to one of the following three prompts: 1) “Comment on strengths and weaknesses 
of the instructor,” 2) “Comment on strengths and weaknesses of the course,” or 3) “Overall, 
the course materials and assignments were adequate aids to learning.” Comments printed 
in Table ES1 are verbatim copies of the entire response to a prompt. No edits were made. The 
overall survey return rate, defined as number of students filling out evaluations/number of 
students enrolled, was 9/12, 3/15, and 3/6 for MEA 412 2019, MEA 412 2020, and MEA 703 2020, 
respectively. A total of 4/9, 3/3, and 1/3 students commented on the worksheets for MEA 412 
2019, MEA 412 2020, and MEA 703 2020, respectively.

Worksheet access and archive
The worksheets are available to referees through various means including GitHub and 
DockerHub. These are described below. The GitHub repository and DockerHub image are 
publicly accessible and currently hosted free of charge by the operators of these services. They 
are intended to be maintained in the future. Unfortunately, they are not permanent archives 
and can disappear if the services are disbanded by the companies that support them. The 
Docker image and source code is permanently archived on zenodo.org.

GitHub. The projects is hosted in a publicly accessible GitHub repository (https://github.com/
mdpetters/Atmospheric-Physics-Notebooks). A website associated with project contains more de-
tailed documentation (https://mdpetters.github.io/Atmospheric-Physics-Notebooks/dev/), including 
installation instructions for developers. The computing environment is specified in the Dock-
erfile, Project.toml, and Manifest.toml. The GitHub repository is used to maintain and update 
the project on a regular basis and is version controlled. The version scheme is vYYMM, where 
YY is the year and MM is the month when the version is tagged. Version v2008 is associated 
with the submission of this manuscript.

Docker container. A Docker container is available through DockerHub (https://hub.docker.com/r/
mdpetters/atmospheric-physics-notebooks). The Docker container is a virtual machine that contains 
all software and dependencies needed to execute the code. DockerHub stores the image in 
the cloud. A working install of the docker engine is required. The docker images are version 
controlled. The version scheme is vYYMM, where YY is the year and MM is the month when 
the version is tagged. Version v2008 is associated with the submission of this manuscript. The 
current tag will track the most up-to-date version. Future versions will be hosted on GitHub 
and DockerHub and added to the Zenodo archive described below. The commands

docker run -it -p 8888:8888 mdpetters/atmospheric-physics-notebooks:current
docker run -it -p 8888:8888 mdpetters/atmospheric-physics-notebooks:v2008

will download the current or v2008 image from the repository and execute it. Once downloaded 
the image is stored locally on the host computer and can be executed without the need for 
Internet access. The freely available Docker engine must be installed on the local computer 
(https://docs.docker.com/install/). The command produces the output shown in Fig. ES1. Copying 
the displayed web address from the terminal output into a browser, in this example:

https://github.com/mdpetters/Atmospheric-Physics-Notebooks
https://github.com/mdpetters/Atmospheric-Physics-Notebooks
https://mdpetters.github.io/Atmospheric-Physics-Notebooks/dev/
https://hub.docker.com/r/mdpetters/atmospheric-physics-notebooks
https://hub.docker.com/r/mdpetters/atmospheric-physics-notebooks
https://docs.docker.com/install/
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http://127.0.0.1:8888/?token=2c4cebfd7c9e10e9e6ca1c20d184e6f514da73e3982afe4d

will start the Jupyter notebook server. From there the interactive notebooks can be loaded 
and executed as described below. The code in the individual scripts can be altered during the 
session. However, changes will be lost once the docker session is terminated.

Permanent archive. The docker container and source code are permanently archived on 
zenodo.org (doi:10.5281/zenodo.3977570). To load the docker image from the Zenodo archive 
the following steps are needed:

1) Extract the xz archive
2) Import the docker image (tested with the Linux command line interface)
 docker load < Atmospheric-Physics-Notebooks-v2008-docker.tar
3) Run the docker image (the command “docker images” will list the imported image name)
 docker run -it -p 8888:8888 mdpetters/atmospheric-physics-notebooks:v2008
4) Follow the steps described in “Worksheet initialization” below.

Worksheet initialization. Figure ES2 shows the file browser after starting the docker image. 
Note that the “tree” is identical to that of the GitHub repository. The user can navigate to 
the notebooks directory and then any of the Modules desired. For example, the file “Module 
8 - Raindrop Size Distributions.ipynb” contains the notebook associated with raindrop size 
distributions. Figure ES3 shows a partial display of a freshly opened notebook. The top cell 
contains the learning objectives associated with the module. The second cell contains some 
background information. The third cell starts with In [ ], followed by computer code. Empty 
brackets indicate that the code has not yet been executed. To execute all cells the user needs 
to select the menu option “Cell” and “Run all below.” The cursor will jump to the last cell of 
the notebook. Executing the entire worksheet takes 5–30 s. The user needs to scroll back to 
the beginning of the notebook. Figure ES4 shows a zoomed in display of the executed code. 
The cell with code displays In [ 1 ], indicating that it is the first executed cell in the worksheet. 
The applets are now ready to be used.

Additional technical information
Local installation. The code can be installed on any local machine with a working Julia in-
stallation. Installation instructions are given on the project website (https://mdpetters.github.io/
Atmospheric-Physics-Notebooks/dev/).

Docker image creation. The docker image can be created from the GitHub repository through 
the repo2docker tool associated with the Jupyter project:

repo2docker--user-name=jovyan--no-run--image-name=NAME:TAG \\ https://github.
com/mdpetters/Atmospheric-Physics-Notebooks.git

The tool reads the Dockerfile and builds the image step by step. The uncompressed docker 
image size is �8 Gb. Creation of the image takes �45 min on a high-end personal computer. 
The image will be placed on the local machine, is owned by the creator, and can subsequently 
be used and/or shared through public repositories. Note that NAME:TAG = mdpetters/atmo-
spheric-physics-notebooks:v2008 for the version created here. Here the NAME is composed 
using the user name of the DockerHub account and name of the project. Users that wish to 
host their own image on DockerHub need to create their own account and push the image to 
the repository through using the docker push command. As shown above, the docker images 

https://doi.org/10.5281/zenodo.3977570
https://mdpetters.github.io/Atmospheric-Physics-Notebooks/dev/
https://mdpetters.github.io/Atmospheric-Physics-Notebooks/dev/
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can also be shared as a compressed tarballs. The compressed tarball for v2008 is 2.2 GB.

Precompilation. Julia is a scripted hybrid language. Julia code is interpreted like Python but 
compiled using a just-in-time compiler. For example, if the Julia interpreter encounters a new 
function, that function is compiled given the current state of the program. Thus there can be a 
noticeable lag when executing a script for the first time. This results in the “time-to-first-plot” 
issue. Starting a fresh Julia session, loading a plotting package, and generating a plot can take 
30–60 s, because Julia needs to compile the code of the entire plotting package. Subsequent 
plots are generated fast. Compiling the code for a single module can take several minutes, 
depending on the hardware. A several-minute startup delay is undesirable for a classroom 
deployment.

The “time-to-first-plot” problem is solved by precompiling all notebooks and replacing the 
Julia system image which is loaded on startup. This step is performed automatically when 
creating the Docker image. Therefore execution of the notebooks inside the container or on 
the JupyterHub cloud server occurs in a timely manner. Developers can replicate this precom-
pilation procedure by following the steps in the Dockerfile.

Development and contributing. Instructors interested in using the notebooks in class should 
obtain the current Docker image from DockerHub or archived Docker image from zendo.org 
and serve it to their students. Instructors interested in developing new modules should create 
their own copy of the code and modify the content as desired. They are encouraged to share 
the modified content with community. Anybody can report errors, suggest improvement, or 
request to incorporate suitable content created by guests through standard collaborative tools 
available on GitHub (e.g., opening an “issue” or “pull request”).

Survey of data policies
The data policies from various organizations below were compiled from the different profes-
sional society websites. All policies mention software as an integral part of data that should be 
archived in repositories. Mandatory inclusion of software in data repositories is not uniformly 
enforced across journals and different scientific communities.

American Meteorological Society. Source: www.ametsoc.org/index.cfm/ams/about-ams/ams-state-
ments/statements-of-the-ams-in-force/full-open-and-timely-access-to-data/ (Accessed 7 April 2020).

Open formats encourage the sharing of data and their associated analysis tools. Maintain-
ing the relationships between data, the software used to analyze them, and any publications 
or documents that result from the use of data and software is critical to establishing the 
transparency and trustworthiness of scientific work. These relationships are typically main-
tained through documentation of provenance, that is, the steps that were taken to transform, 
analyze, and visualize data.

Source: www.ametsoc.org/index.cfm/ams/publications/ethical-guidelines-and-ams-policies/data-
archiving-and-citation/ (accessed 7 April 2020).

As laid out in the American Meteorological Society (AMS) policy statement, the spectrum 
of what constitutes “data” is diverse and includes in situ and remotely sensed observations, 
environmental predictions generated by numerical models, and data products derived from 
integrations of observational and model-generated sources. Associated software should also 
be archived if possible. A companion policy specifically addressing software and algorithms 
is being developed. Authors are expected to direct all core research outputs (data, software, 
appropriate samples, and sample descriptions) to Findable, Accessible, Interoperable, Reus-
able (FAIR)-aligned repositories, following the FAIR principles.

http://www.ametsoc.org/index.cfm/ams/about-ams/ams-statements/statements-of-the-ams-in-force/full-open-and-timely-access-to-data/
http://www.ametsoc.org/index.cfm/ams/about-ams/ams-statements/statements-of-the-ams-in-force/full-open-and-timely-access-to-data/
http://www.ametsoc.org/index.cfm/ams/publications/ethical-guidelines-and-ams-policies/data-archiving-and-citation/
http://www.ametsoc.org/index.cfm/ams/publications/ethical-guidelines-and-ams-policies/data-archiving-and-citation/
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AGU. Source: www.agu.org/Publish-with-AGU/Publish/Author-Resources/Policies/Data-policy (accessed 
7 April 2020).

The American Geophysical Union (AGU) affirmed in its 2015 position statement that “Earth 
and space science data should be widely accessible in multiple formats and long-term preserva-
tion of data is an integral responsibility of scientists and sponsoring institutions.” Following 
this statement and to advance scientific exploration and discovery, and allow a full assessment 
of results presented in AGU’s journals, all data necessary to understand, evaluate, replicate, 
and build upon the reported research must be made available and accessible whenever pos-
sible. For the purposes of this policy, data include, but are not limited to, the following:

• Data used to generate, or be displayed in, figures, graphs, plots, videos, animations, or 
tables in a paper.

• New protocols or methods used to generate the data in a paper.
• New code/computer software used to generate results or analyses reported in the paper.
• Derived data products reported or described in a paper.

Copernicus Publications. Source: https://publications.copernicus.org/services/data_policy.html.
Data do not comprise the only information which is important in the context of reproduc-

ibility. Therefore, Copernicus Publications encourages authors to also deposit software, algo-
rithms, model code, video supplements, video abstracts, International Geo Sample Numbers, 
and other underlying material on suitable FAIR-aligned repositories/archives whenever pos-
sible. These materials should be referenced in the article and cited via a persistent identifier 
such as a DOI.

Table ES1. Summary of student evaluations. Enrollment: number of students enrolled; responses: number of students that 
wrote responses; selected: number of comments that refer to the interactive worksheets.

MEA 412, 2019 (enrollment n = 12; responses n = 9; selected n = 4)

Comment No. 1 I liked the worksheets; however, I felt that they were a little long and as a result, we spent too much time on them. I think that keep-
ing the worksheets, but making them a little shorter could improve the instruction drastically.

Comment No. 2 A decently well structured course. The active group learning activities were valuable for understanding material.

Comment No. 3 Loved the format of working in groups with packets. The Julia interactive website was amazing. The online quizzes and MATLAB 
homeworks were quite useful, although I do wish this class had a laboratory to get a more hands-on experience.

Comment No. 4 Overall, the course materials and assignments were adequate aids to learning. However, I found the laboratories and notes to be an 
odd form of learning. It was not well implied that the concepts and figures from the laboratory were a major aspect of the exams.

MEA 412, Spring 2020 (enrollment n = 15; responses n = 3; selected n = 3)

Comment No. 1 The new Jupyter notebooks are an exciting new learning tool, and I think they should continue to be used. However, these note-
books cannot replace instruction. Many of the concepts and equations end up flying right over my head. Dr. Petters is an excellent 
instructor, but his approach this semester was 5–15 min of highly-concentrated instruction followed by collaborative work on the 
notebooks. Perhaps an entire day of instruction for the key points, theories, and equations, followed by a couple days of working on 
the notebooks for the whole class period would be a more effective way to deliver the information.

Comment No. 2 The course was a lot less of the professor teaching and a lot more of us students figuring out things on our own and still being left 
confused. We would work on modules for basically the entirety of the class time, and then if there was time left at the end, the 
professor would throw in a few words. I felt that I could’ve not went to class and still learned the same things on my own since that 
is basically what we did.

Comment No. 3 Dr. Petters is a wonderful instructor, and I fully enjoy his class. I think he teaches it in the best way a class like this could be taught. I 
feel prepared for the content he has presented myself with so far.

MEA 703 (enrollment n = 6; responses n = 3; selected n = 1)

Comment No. 1 I enjoyed going through the modules, but I think I would have preferred to have some additional lecture style classes as well. Also 
working in groups over zoom was sometimes a bit awkward.

http://www.agu.org/Publish-with-AGU/Publish/Author-Resources/Policies/Data-policy
https://publications.copernicus.org/services/data_policy.html
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Fig. ES2. File browser displayed after starting Jupyter.

Fig. ES1. Terminal output of the docker command.
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Fig. ES3. Partial display of Module 8.
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Fig. ES4. Zoomed-in display of executed Rain App 1.


