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MOTIVATION

1. Teaching commercial software in public institutions

2. Using commercial software in public institutions



MOTIVATION

This talk is not about: This talk is about:
* Specific software * Similarities between science and free software
* Science topic * Understanding people’s decisions

* Pointing fingers * Change and better practice



OPEN SCIENCE

Definition of Open in Open Data, Open Content, and Open Knowledge:

“Open means anyone can freely access, use, modify, and share for any purpose.” [1]

Definition of Free in Free Software:

“Free software means software that respects users' freedom and community. Roughly, it means that the
users have the freedom to run, copy, distribute, study, change and improve the software.” [2]

[1] Open Knowledge Foundation, https://opendefinition.org/
[2] GNU Operating System, https://www.gnu.org/philosophy/free-sw.en.html



PERSPECTIVES OF OPEN SCIENCE

Philanthropic
perspective

Exploitative Open Reflationary
perspective Science perspective

Constructivistic
perspective

Friesike, S., Widenmayer, B., Gassmann, O. and Schildhauer, T., 2015. Opening science: towards an agenda of open science in academia and industry.
The journal of technology transfer, 40, pp.581-601.



PERSPECTIVES OF OPEN SCIENCE

Philanthropic Perspective

* Public lectures or courses

Introduction to
Deep Learning

MIT's introductory program on deep learning
methods with applications in
and more!

* Open access journals

OPEN

ACCESS

DEPARTMENT OF

~j PennState
'a College of Earth GEOGRAPHY

and Mineral Sciences

[
 GEOG 160
= MaAPPING OUR CHANGING WORLD

HOME SYLLABUS LESSONS CANVAS RESOURCES LOGIN

Geography 160: Mapping our Changing
World

'wq

Check out nullschool.net to view current wind patterns across the globe

Quick Facts about GEOG 160

The class that currently uses this website as a required text is:

GEOG 160: Mapping Our
Changing World

Logged in as Anonymous.

Search

Lessons

» Chaper 1: Location is Where
It's At: Introduction to
GlScience and Technology

» Chapter 2: Shrinking and
Flattening the Globe: Scale,
Projections, and Datums

» Chapter 3: Can | Map That?
Maps to Depict Anything in
Our World

» Chapter 4: Encoding Our
World: Geographic Data
Representation

» Chapter 5: How We Know
Where We Are: Land
Surveying, GPS, and
Technology




PERSPECTIVES OF OPEN SCIENCE

Reflationary perspective

* making scientific results freely available during pre-publication.

. R . We gratefully acknowledge support from
= Earth ArXiv > the Simons Foundation and member institutions.

EarthArXiv Help | Advanced Search
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Q o for 2,222,729 scholarly articles in the fields of physics,
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Type your query and press enter to search peer-reviewed by arXiv
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Read abou

o HOME |

i BM) Yale

Laboratary

HOME| SUBM! Q| BL

THE PREPRINT SERVER FOR HEALTH SCIENCES

medRyiv bioRyiv

THE PREPRINT SERVER FOR BIOLOGY

health-related beha

established informat COVID-19 SARS-CoV-2 preprints from medRxiv and bioRxiv




PERSPECTIVES OF OPEN SCIENCE

Constructivistic perspective

* Crowdsourcing & interdisciplinary

Putting the World's Vulnerable Comrhunities on the
Map




PERSPECTIVES OF OPEN SCIENCE

Constructivistic perspective
* Crowdsourcing & interdisciplinary
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Safecast collects more than a million points of data: https://diy-scib.org/blog/safecast-collects-more-million-points-data
Hultquist, C. and Cervone, G., 2018. Citizen monitoring during hazards: Validation of Fukushima radiation measurements. GeoJournal, 83(2), pp.189-206.



PERSPECTIVES OF OPEN SCIENCE

Constructivistic perspective

* Crowdsourcing & interdisciplinary

Personal Weather Station Network: https://www.wunderground.com/pws/overview

Calovi, M., Hu, W., Cervone, G. and Delle Monache, L., 2021. NAM-NMM Temperature Downscaling Using Personal Weather Stations to Study Urban Heat Hazards. GeoHazards, 2(3), pp.257-276.
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https://www.wunderground.com/pws/overview

PERSPECTIVES OF OPEN SCIENCE

. . . Major reservoir levels Statewide snowpack levels
Exploitative perspective ! P
Reservoirs get us through the dry months Snow melt feeds our reservoirs & rivers
e application-oriented knowledge 21 5% o1 aversge pescononmpact
104%
of average levels toric peak ®
Prado Dam
FORECAST INFORMED Nov22 JanZ3 Mar May Jul Sep
RESERVOIR 0PERAT|0NS Updated daily More about reservoirs Updated daily More about snowpack levels
PRADO DAM
Preliminary
Viability
Assessment
August 2021
Max. Release Rate:
10,000 - 30,000* cfs FLOOD RISK
MANAGEMENT
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RECHARGE ’ a Current Spillwa:
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California Water Watch: https://cww.water.ca.gov/
Prado Dam Preliminary Viability Assessment: https://cw3e.ucsd.edu/firo_prado_dam_pva/



https://cww.water.ca.gov/
https://cw3e.ucsd.edu/firo_prado_dam_pva/

WHY DO WE NEED OPENNESS IN SCIENCE

1. Validity (Reproducibility) of scientific findings
Natural Variabilty

False cell lines Confirmation bias
Sensitivity to Conditions, Equipment Poor record keeping
TECHNICAL HUMAN
FACTORS FACTORS
Bad Reagents Batch Effects Poor Sharing

(Reagents, Protocola, Data, Code)

Misunderstanding statistics

Selective Reporting  Hypercompetition & Pressure
P Hacking

STUDY DESIGN REWARDS &
& STATISTICS INCENTIVES

Lack of version control Paywalls

Design Flaws it

HARKing Wrong Incentives

FACTORS DECREASING REPRODUCIBILITY

American Society of Plant Biologists, Experimental Reproducibility 101: https://plantae.org/experimental-reproducibility-101-part-1/



WHY DO WE NEED OPENNESS IN SCIENCE

1. Validity (Reproducibility) of scientific findings

/ Reproducibility Spectrum \

Publication + data +

i o Code + docs +

code + easy install. +
Mo code code + Easy "F.
runtime env.

documentation installati
Flstallauon reproduction

\Mt reproducible Gold standay

Scientific Data Analysis Pipelines and Reproducibility: https://towardsdatascience.com/scientific-data-analysis-pipelines-and-reproducibility-75ff9df5b4c5



WHY DO WE NEED OPENNESS IN SCIENCE

1. Validity (Reproducibility) of scientific findings

Relevance with Free Software: Free software promotes reproducibility. g
O
o &
VA (o] )
RO:!- Worki Quilqa Open | l
depeizzrncies \?VI t;‘ng Pipetie data
o
lt code § Designing, O
g Modularize Sharing Interactive
code and code
C Simplified explaining @
@ Notebook
Py [ ] —' eOCAT CyC|e Advocate
/ ) add_ Organizing
J u py te r divisions and
N\ s documenting . Read, Run,
Explore
o |;] (X
Document
the process Tell a story

Rule, A., Birmingham, A., Zuniga, C., Altintas, |., Huang, S.C., Knight, R., Moshiri, N., Nguyen, M.H., Rosenthal, S.B., Pérez, F. and Rose, P.W., 2019.
Ten simple rules for writing and sharing computational analyses in Jupyter Notebooks. PLoS computational biology, 15(7), p.e1007007.



WHY DO WE NEED OPENNESS IN SCIENCE

2. Increasing complexity and specialization of scientific problems

Example: How can we better understand atmospheric river?

Atmospheric river Heavy rain
and snow

" _Central
Valley

How atmospheric rivers and a bomb cyclone add up to mayhem for California: https://www.latimes.com/california/story/2023-01-03/california-atmospheric-river-bomb-cyclone



WHY DO WE NEED OPENNESS IN SCIENCE

2. Increasing complexity and specialization of scientific problems

Example: How can we better understand atmospheric river?

ATMOSPHERIC RIVER

HEAVY RAIN AND SNOWFALL

MELTING LAYER

r',l"

> m/
7 p ;,Apf’ge nunqgs i

, FLOOD RISK j—/’ ;)41

Rolling on the Science of an Atmospheric River: https://www.jpl.nasa.gov/edu/news/2018/10/4/rolling-on-the-science-of-an-atmospheric-river/



WHY DO WE NEED OPENNESS IN SCIENCE

2. Increasing complexity and specialization of scientific problems

Example: How can we better understand atmospheric river?

Plz<2)

170W  180°W  1S0°W  140°W  130°W  120W

Modelling

* Meteorologist
« Computer

Downstream
Applications

Post-
Processing

 Statistician

Observation

* Field researcher
* Engineer « Policy maker
 Hydrologist
* Operator

Scientist « Data scientist

What is a Dropsonde: https://www.eol.ucar.edu/content/what-dropsonde; CW3E: https://cw3e.ucsd.edu



https://www.eol.ucar.edu/content/what-dropsonde
https://cw3e.ucsd.edu/

WHY DO WE NEED OPENNESS IN SCIENCE

2. Increasing complexity and specialization of scientific problems

Example: How can we better understand atmospheric river?

Relevance with Free Software: Free software facilitate communication and sharing.



OPEN SCIENCE IN A COMPETITIVE ENVIRONMENT

1. Sharingis risky, but the many benefits ultimately outweigh these risks.

e Visibility
e Collaboration
2. ltdrives innovation and prevents over-complexity.

3. Knowledge sharing doesn't necessarily mean giving away all your trade secrets.



OPEN ACCESS IS NOT FREE

Open Access Publishing

PUBLISH in an PAY Article Processing OIMMEEIATE
Open access Charge (APC) vi'::enubﬁ:::es:
journal if required P
RESEARCHER GREEN OA ROUTE
decides where — @
to publish = e e 9 n é
- LI s SEARCH for SELF ARCHIVE in IMMEDIATE or
subscription- OA repository a repository DELAYED
based Journal e doar.org based on Open Access
SEE SHERPA RoMEOQ for . publisher policy (depending on

L
OA & self archiving w publisher's policy)
options : &
sherpa.ac.uk/romeo ™ 4
n

[ ]
HYBRID JOURNAL
subscription-based journal

With @ paid open access option T AY Article Processing IMMEDIATE
s > = Charge (APC) Open Access
if required via publisher

Darren Chase | daren.chase@stonybrook.edu ‘m Stony Brook University | Libraries




OPEN ACCESS IS NOT FREE

* Predatory journals

* On-going battles with peer review

* Pre-publication and post-publication review

”r

* Do you know these phrases? “counterfeit consciousness”’, “profound neural organization” and “colossal
information”



FREE SOFTWARE FOR OPEN SCIENCE

1. Reproducibility

e Example: Paper with Code
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FREE SOFTWARE FOR OPEN SCIENCE

1. Reproducibility

Hosting platforms?

v ¥

GitHub GitLab



FREE SOFTWARE FOR OPEN SCIENCE

2. Collaboration

 Example: Weather verification

. .
a Search projects Q Sponsors  Login  Register
@
2 . R
properscoring 0.1 v pre—
Q. N
5
a pip install properscoring @ Released: Nov 12, 2015
et
M
Initial condition Forecast time Forecast Proper scoring rules in Python
L — —

ECMWF_Ens. (0—120h only), init: 2020082600, AL13 Laura color_= max wing (k)

~ ;ealh:rnerds org. . . . . .
/{«.w. e Navigation Project description
%

Project desci

“D Release history Proper scoring rules for evaluating probabilistic forecasts in Python. Evaluation methods that are “strictly proper”
cannot be artificially improved through hedging, which makes them fair methods for accessing the accuracy of
probabilistic forecasts. In particular, these rules are often used for evaluating weather forecasts.

&, Download files

properscoring runs on both Python 2 and 3. It requires NumPy (1.8 or later) and SciPy (any recent version should be
fine). Numba is optional, but highly encouraged: it enables significant speedups (e.g., 20x faster) for crps_ensemble

Project links and|threshold_brier_score|
A Homepage To install, use pip: |pip install properscoring.
Example: five ways to calculate CRPS
Statistics

The rapid intensification of hurricane Laura is underway, devastating landfall expected: https://www.severe-weather.eu/tropical-weather/hurricane-laura-landfall-mk/
Twenty-five years of ensemble forecasting: https://www.ecmwf.int/en/about/media-centre/news/2017/twenty-five-years-ensemble-forecasting



https://www.severe-weather.eu/tropical-weather/hurricane-laura-landfall-mk/
https://www.ecmwf.int/en/about/media-centre/news/2017/twenty-five-years-ensemble-forecasting

FREE SOFTWARE FOR OPEN SCIENCE

3. Accessibility and Pricing

Example: Licensing



TEACHING FREE SOFTWARE FOR ENVIRONMENTAL SCIENCE

Is it possible to only use free / open-source software for environmental science?




TEACHING FREE SOFTWARE FOR ENVIRONMENTAL SCIENCE

An example: Geographically Weighted Regression (GWR)

Process big data”

A Spatial weighting function

° Georeferenced individuals (regression points)

ource code:

Feuillet, T., Charreire, H., Menai, M., Salze, P., Simon, C., Dugas, J., Hercberg, S., Andreeva, V.A., Enaux, C., Weber, C. and Oppert, J.M., 2015. Spatial heterogeneity of the relationships
between environmental characteristics and active commuting: towards a locally varying social ecological model. International Journal of Health Geographics, 14(1), pp.1-14.



TEACHING FREE SOFTWARE FOR ENVIRONMENTAL SCIENCE

We teach the math first and then teach then how to use the toolbox.

Y=a+bX; +b:X5 +b3 X3+ ... -b:X; +u

y
1 | |
w N = o - N w
L L L L L L L




TEACHING FREE SOFTWARE FOR ENVIRONMENTAL SCIENCE

// C++ program for implementation
// of Bubble sort

* We don’t need to read the source  #include <bits/stdcss.h>
. using namespace std;
code for learning purposes.

// A function to implement bubble sort

. . id bubbleSort(int , int
¢ Reading and teaching the source (" )
code is too time-consuming. e e e - s

° s // Last i elements are already
// in place
for(j =0; j <n-1i-1; j++)

if (arr[j] > arr[j + 1]) if (arr[j] > arr[j + 1])
swap(arr[j], arr[j + 1]); swap(arr[j], arr[j + 1]);
¥

// Function to print an array
void printArray(int arr[], int size)
{
inti;
for (1 = @; i < size; i++)
cout << arr[i] << " ";
cout << endl;

3

// Driver code

intmain()

{
intarr[] = { 5, 1, 4, 2, 8};
intN = sizeof(arr) / sizeof(arr[0]);
bubbleSort(arr, N);
cout << "Sorted array: \n";
printArray(arr, N);
returno;

Bubble Sort Algorithm: https://www.geeksforgeeks.org/bubble-sort/ b Sgcocepisgconfributed by rathbhupendra



TEACHING FREE SOFTWARE FOR ENVIRONMENTAL SCIENCE

Choose the right software

=

Provide context
Start with examples and hands-on tutorial
Guide them to investigate the implementation

Collaborative learning

-

Make it fun



WHAT CAN THE DEV COMMUNITY DO

1. Be patient
2. Create educational resources

3. Collaborating with educators



Free software is not just about technology;
it’s about values.

Education is also not just about occupation;
|ts about cr|t|ca| thmkmg and bemg creative.

Vi DN NG
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