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My Data Journey

a. Sea Surface Temperature b. Sea Surface n”‘Om(“.,) record

Model Integration through
Knowledge-Rich Data and
Process Composition
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Q) Create

DATA: METADATA:
" THE RECORDED FACTUAL
MATERIAL COMMONLY ACCEPTED
IN THE SCIENTIFIC COMMUNITY AS
NECESSARY TO
RESEARCH FINDINGS.”

METADATA IS INFORMATION
ABOUT THE DATA THAT PROVIDES
CONTEXT KEY TO
WHAT THE DATA REPRESENTS.
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Why do you need to know about data management?

® Scientists are changing

Credit: http://www.scientificpaperofthefuture.org
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Why do you need to know about data management?

® Scientists are changing

Dataverse
Network

-

github A

SOCIAL CODE HOSTING

sgurcefarge

Credit: http://www.scientificpaperofthefuture.org
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Why do you need to know about data management?

® Scientists are changing

® Publishers are changing

Statement of Commitment:

Today, a research publication is much more than a manuscript on a web site or in print. All
scholarly publications represent a network of interconnected resources and information that
are essential to the integrity, reusability, and value of that output for both scientific and societal
uses. Often, the data, software, experimental protocols and physical samples connected to a
publication provide additional and even greater value in their own right.

In the Earth, space, and environmental sciences, much data represent recordings of events or
the state of the Earth or solar system in time and space that can never be repeated.
Increasingly, these data, models, software, and samples provide essential societal, economic,
and research benefits. Given these connections, we recognize that ensuring the quality,

value, and integrity of the data and other resources connected to scholarly publications are
essential.

Leading principles and practices have been developed over the past few years to meet these
goals. Foremost among these are the FAIR Data Principles: that data should be Findable,
Accessible, Interoperable, and Reusable not only for people, but also for machines. Under
these principles, as a minimum, data must have unique and persistent identifiers and
metadata appropriate to assist discovery and be cited in a form equivalent to other scholarly
outputs. The data should be accessible through a standard, web-based protocol. Provenance
information and a clear usage license must be provided such that the data are technically and
semantically interoperable and can be reused with confidence and clarity. The data must also
be well curated, persistently accessible, and linked securely to associated publications and
other resources. Similar standards have emerged for information about authors, software, and
samples.

bit.ly/FAIRCommitment



http://bit.ly/FAIRCommitment

Why do you need to know about data management?

® Scientists are changing

® Publishers are changing

the WHITE HOUSE PRESIDENTBARACK OBAMA . Contact Us)» Get Email Updates »

® Funders are changing

BRIEFING ROOM ISSUES | THE ADMINISTRATION PARTICIPATE = 1600 PENN

HOME - BLOG

Expanding Public Access to the Results of Federally Funded
Research

FEBRUARY 22, 2013 AT 12:04 PM ET BY MICHAEL STEBBINS

»® =

Summary: The Obama Administration is committed to the proposition that citizens deserve easy access to
the results of research their tax dollars have paid for. That’s why; in a policy memorandum released today;
OSTP Director John Holdren has directed Federal agencies with more than $100M in R&D expenditures to
develop plans to make the results of federally funded research freely available to the public—generally within

one year of publication.
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Why do you need to know about data management?

Scientists are changing

Publishers are changing I

OF
CALIFORNIA

Funders are chanain -
93

Manage your publications.
Participate in the UC Open Access Policy.
Increase the impact of your work. Q We’'ll scan the web for publications you’ve authored.

@ Log in (at left) to review what we've found.

Universities are changing

Managing your publications

Select your campus to get started:
o Claim publications that are yours; reject those that aren't.

UC Berkeley >> UC Riverside >> n Upload your manuscript for public display on eScholarship.

UC Davis >> UC Santa Barbara >>

Resources and support

UC Santa Cruz >> Learn more about the UC Open Access Policy.
UCLA >> UC San Diego >> Get answers to Frequently Asked Questions.

Find out who to contact for additional support.

Logout notice

To protect your accounts from unauthorized access, please lock your
workstation or exit your browser after logging out of this site.
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Why do you need to know about data management?

® Sharing your data is not only required but it also helps you!

Sharing Detailed Research Data Is Associated with Increased
(itation Rate

Heather A. Pwowar [e], Roger 5. Day, Douglas B. Fridsma
Published: March 21, 2007 » DOI: 10.1374/joumal.pone.0000308 » Featured in PLOS Collections

Principal Findings

We examined the citation history of 85 cancer microarray clinical trial publications with respect
to the availabilty of their data. The 48% of trials with publicly available microarray data received
85% of the aggregate citations. Publicly available data was significantly (p = 0.006) associated
with @ 69% increase in citations, independently of journal impact factor, date of publication, and
author country of origin using linar regression.
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Modern Scientific Articles

Traditional Published Articles Modern Published Articles

Text: Text:

Narrative of method, the data is in
tables, figures/plots, the software

Narrative of method, the data is in
tables, figures/plots, the software
used is mentioned

used is mentioned

Credit: http://www.scientificpaperofthefuture.org
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Modern Scientific Articles

Traditional Published Articles

Text:

Narrative of method, the data is in
tables, figures/plots, the software
used is mentioned

Credit: http://www.scientificpaperofthefuture.org

Modern Published Articles

Text:

Narrative of method, the data is in
tables, figures/plots, the software

used is mentioned

' NOT Published,

loosely recorded
Software:

Scripted codes,
documentation,
manual steps


http://www.scientificpaper
http://ofthefuture.org

a2

Scientific Paper of the Future

Modern Paper

Text:
Narrative of the method,

some data is in tables,
figures/plots, and the

software used is mentioned

Data:

Include data as
supplementary materials
and pointers to

data repositories

Reproducible Publication

Software:
For data preparation, data
analysis, and visualization

Provenance and methods:
Workflow /scripts specifying
dataflow, codes,
configuration files,
parameter settings, and
runtime dependencies

Credit: http://www.scientificpaperofthefuture.org

Open Science

Sharing:

Deposit data and software
(and provenance/workflow)

in publicly shared repositories

Open licenses:

Open source licenses for
data and software

(and provenance/workflow)

Metadata:

Structured descriptions of the
characteristics of data and software

(and provenance /workflow)

Persistent identifiers:

For data, software, and authors
(and provenance/workflow)

Citations:
Citations for data and software

(and provenance/workflow)



http://www.scientificpaper
http://ofthefuture.org

Store _\
=)
|
Create ﬂ
!

O

¥ Use

The data life cycle

Re-Use
Nk

Share

\— Archive















ICloud




Keep in mind:

1. Some data backup is better than none
2. Automated backups are better than manual

3. Your data is only as safe as the last backup



— & STORY TOLD N FILE NAMES:

& C:\user\rese

rchidata

Filename

data_2010.05.28_

data_2010.05.28
data_2010.05.28
data_2010.05.28
data_2010.05.28
data_2010.05.28
data_2010.05.29
data_2010.05.29
data_2010.05.2

data_2010.05.2
data_2010.05.2
data_2010.05.2

N N
!

Ta

-

) WO

e
-

test.dat
_re-test.dat
_re-re-test.dat
_calibrate.dat
_huh??.dat

- WTF.dat
_aaarrrgh.dat
#$@*&! dat

}_crap.dat

_notbad.dat
_woonoo!!.dat

_USETHISONE .dat

&) analysis_graphs.xls
#) ThesisOutline!.doc
) Notes_Meeting_with_ProfSmith.txt

= JUNK...
¢ data_2010.05.30

<

_startingover.dat

Type: Ph.D Thesis Maodified: too many times

PhDcomics

File Name and Organization

Date Modified

.37 PM 5/28/2010
29 PM 5/28/2010
:43 PM 5/28/2010
717 PM 5/28/2010
20 PM 5/28/2010
9:58 PM 5/28/2010
2:37 AM 5/29/2010
AM 5/29/2010
AM 5,
AM 5429,
AM 5/29/2010
) AM 5/29/2010
5/29/2010
5/29/2010
38 AM 5/29/2010

S/20/2010

' e |
v v

s

420 KB
421 KB
420 KB
1,256 KB
30 KB

30 KB

30 KB

0O KB
437 KB
670 KB
1,349 KB
2,894 KB
455 KB
3B KB
1,673 KB

(

O~~~ on L

J O

NN

~ O

n o DWW N — o
-I-\-*_“\.J-I-['

420 KB

Copyright: Jorge Cham

DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
DAT file
XLS file
DOC file
TXT file
Folder
DAT file

www,phdcomics.com




File Name and Organization

— A STORY TOLD IN FILE NAMES:

& C:\user\research\data
Filename Date Modified Size Type

¢ data_2010.05.28_test.dat 3:37 PM 5/28/2010 420 KB DAT file
4 data_2010.05.28_re-test.dat 4:29 PM 5/28/2010 421 KB DAT file
¢ data_2010.05.28_re-re-test.dat 5:43 PM 5/28/2010 420 KB DAT file
2 data_2010.05.28_calibrate.dat 17 PM 5/28/2010 1,256 KB DAT file
¢ data_2010.05.28_huh??.dat 20 PM 5/28/2010 30KB DAT file
2 data_2010.05.28_WTF.dat 58 PM 5/28/2010 30KB DAT file
¢J data_2010.05.29_aaarrrgh.dat 2:37 AM 5/29/2010 30KB DAT file
{3 data_2010.05.29_#3$@*&!!.dat 5/29/2010 OKB DAT file

~J

#» DMorgan Edwards
_m @mangoedwards

~J

N = W)

| can't send you the original data because | don't remember what
my excel file names mean anymore #overlyhonestmethods

9:11 AM - 8 Jan 2013

) data_2010.05.29_crap.dat .22 AM 5/29/2010 437 KB DAT file
¢ data_2010.05.29_notbad.dat <k 4 5/29/2010 670 KB DAT file
U data_2010.05.29_woohoo!!.dat 4.< M 5/29/2010 1,349KB DAT file
¢ data_2010.05.29_USETHISONE .dat 08 AM 5/29/2010 2,894KB DAT file

A 5/29/2010 455 KB XLS file
#] ThesisOutline!.doc 1 5/29/2010 38KB DOC file
= Notes_Meeting_with_ProfSmith.txt 5/29/2010 1,673KB TXT file
= JUNK... 45 PM 5/20/2010 Folder
¢ data_2010.05.30_startingover.dat 8:37 AM 5/30/2010 420 KB DAT file

& analysis_graphs.xls

“ 13130 977

) = N~

O N

<
Type: Ph.D Thesis Modified: too many times Copyright: Jorge Cham www,phdcomics.com

PhDcomics



Project_Date_Description



s

KEEP A FILE ABOUT YOUR FILES

» ReadMe: Description of what the files/folders contain
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KEEP YOUR RAW DATA RAW!

» Always keep the original data as raw as possible. Create new versions of
dataset it you perform any data cleaning.

» Even more important when calibrating datasets or applying normalization,
filters,...
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Version Control Aspects of data management

* DMPs/Planning

RS

* Storage and backup
* File organization and naming
* Metadata

* Legal/Ethical considerations

I I

* Sharing and reuse

* Archiving and preservation
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Built into Pages, Numbers, Keynote on the Mac...



Charter

File

Outlir

Article
]
Article
[]
Article

Article

=

Edit View

Share...

New

Open...
Rename...
Make a copy...
Organize...

Move to trash

See revision history

Language

Download as

Publish to the web...

Email collaborators...

Email as attachment...

Page setup...
Print preview

Print

Format

Tools

Tab

April 19, 11:17 AM
April 18, 2:28 PM
April 1, 11:14 AM
March 31, 4:19 PM

March 31, 3:10 PM
- ;

February 16, 10:51 AM

February 9, 12:56 PM

February 5, 11:42 AM

February 4, 4:53 PM

February 4, 1:34 PM

February 3, 5:24 PM

February 3, 4:04 PM

... as well as Google apps



Charter
File Edit View Insert Format Tools Tab

Share... April 19, 11:17 AM

New April 18, 2:28 PM

Outlir Open...

April 1, 11:14 AM
Rename... rah Khidel

Article Make a copy... March 31, 4:19 PM

BB Organize...
Article March 31, 3:10 PM
e Move to trash | Yo!: i

Article
See revision history 38 +Option+Shift+H February 16, 10:51 AM

Aulthorea

Language

February 5, 11:42 AM
Download as m Julien Emile-Gea

Publish to the web... February 4, 4:53 PM

Email collaborators...

Email as attachment... February 4, 1334 PM

Page setup... February 3, 5:24 PM

Print preview
February 3, 4:04 PM

™ Print
... as well as Google apps




LinkedEarth/Pyleoclim_util

master 4 Uncommitted Changes m Pull Request

 sync

GitHub

A JAGS_MgCa

o o-—o-—o-—-o—q.-c:)

LI Ontology update to setup.py update to setup.py

i i 38 minutes ago by LinkedEarth )
Q Pyleoclim_util : »® LinkedEarth 0015e6¢c 38 minutes ago

update to pipit setup.py

update to setup.py import io

import path

update to setup.py

version '0.1.8°
version '9.1.6°
update to setup.py
# Read the readme file contents into variable
Update to ReadMe file os.system('pandoc README.md -f markdown -t rst -s -o
README.txt")
if sys.argv[-1] == 'publish' or sys.argv[-1] ==
update setup.py ‘publishtest’:

os.system('pandoc README.md -f markdown -t rst -s -o
Submit to PyPI README.txt")

readme_file = io.open('README.txt', encoding='utf-8")
Update setup.py / remove cap P

# Fallback long description in case errors with readme

Update version in setup file.

Use GitHub (code)



TYPES OF METADATA

» Descriptive Metadata: Location, collection frequency, object, etc...
» Data Characteristics: Size, statistical properties,...

» Provenance metadata: Instrument, Method/Software, Parameters...



USE OF METADATA

» Facilitate reuse by others

fo starf a bakery 2o
#overlyhonestmethods Y
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USE OF METADATA

» Facilitate reuse by others

» Support queries on data repository

import json
import requests

url = "http://wiki.linked.earth/store/ds/query"”

query = """PREFIX core: <http://linked.earth/ontology#>

PREFIX wiki: <http://wiki.linked.earth/Special:URIResolver/>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
SELECT distinct ?a
WHERE {
{
?dataset wiki:Property-3AArchiveType ?a.
}UNION
{
?w core:proxyArchiveType ?t.
2t rdfs:label ?a

response = requests.post(url, data = {'query’': query})
res = json.loads(response.text)

print("The following archive types are available on the wiki:")

for item in res[ 'results’']['bindings’']:
print ("*" + item['a']['value'])

The following archive types are available on the wiki:
*marine sediment
*coral

*]lake sediment
*glacier ice
*tree

*documents
*speleothem
*sclerosponge
*borehole
*hybrid

*bivalve

*Rock




USE OF METADATA

» Facilitate reuse by others
» Support queries on data repository

» Explain a data analysis by providing context for the data

a April Follies

Telescope was limited to altitudes over 25 degrees above

horizon to prevent undergrads from pointing it toward dorms.
#overlyhonestmethods




USE OF METADATA

» Facilitate reuse by others
» Support queries on data repository
» Explain a data analysis by providing context for the data

» Enable automated data integration



Everyone at some point in their lite.



WRITE IT DOWN!
» Methods: Laboratory, statistics, data cleaning...
» Comment your code: 1 line of code = 1 line of comment

» Meeting notes




Keep code and explanation together!

Z Jupyter spectrogram s

File  Edit View Insert  Cell Kernel Help | Python3 O

]
.A + x @& D 44 v M B C Markdown $ CellToolbar
Jupyter
.v Simple spectral analysis

An illustration of the Discrete Fourier Transform

Notebook

N=1 e
X = Zx,,expT‘” £=0,....N-1
=0

In [2): from scipy.io import wavfile
rate, x = wavfile.read('test_mono.wav')

And we can easily view it's spectral structure using matplotlib's builtin specgram routine:

In [5): fig, (axl, ax2) = plt.subplots(l,2,figsize(16,5))
axl.plot(x); axl.set_title('Raw audio signal')
ax2.specgram(x); ax2.set_title('Spectrogram');

Raw audio signal ectrogram
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o Keep code and explanation together!

N XoN | RStudio
@ v {:‘f v | &) | | # Go to file/function 25 v Addins ~

tol ® _
@ LE-Neo_UseCase.Rmd »* (@] FLDAS.R ¥ ] DownloadFLDAS.R * @7 intro_data_prob_project.Rmd » —
J U the I o ] YV Q@ kit » &~ Winsert~ <+ JL | =HRun~ | ‘G ~

1l ===
v 2 title: "Exploring the BRFSS data”
& 3 output:
html_document:
fig_height: 4
highlight: pygments
theme: spacelab

0y

Notebook

W oo~NOYW B

10 ~ ## Setup

R Mar kdown igv ### Load packages

14~ """ {r load-packages, message = FALSE}
from @ Studio 15 library(ggplot2)
16 library(dplyr)
17 o
18
19 ~ ##¥% Load data
20 Load the BRFSS data into the workspace.
21
22~ " "{r load-data} = b
23 load("brfssz2@13.RData")
I i | EJ Exploring the BRFSS data = R Markdown =

I4
v




o Keep code and explanation together!

N XoN | RStudio
@ v {:‘f v | &) | | # Go to file/function 25 v Addins ~

el ® _
© LE-Neo_UseCase.Rmd » @ LELDASR = (3] DownloadFLDAS.R * @] intro_data_prob_projectRmd » —
jupyter & A v Q @ - @insert~ | O CARun< | G -

1l ===
v 2 title: "Exploring the BRFSS data”
& 3 output:
html_document:
fig_height: 4
highlight: pygments
theme: spacelab

0y

Notebook

W oo~NOYW B

10 ~ ## Setup

R Mar kdown igv ### Load packages

14~ """ {r load-packages, message = FALSE}
from @ Studio 15 library(ggplot2)
16 library(dplyr)
17 o
18
19 ~ ##¥% Load data
20 Load the BRFSS data into the workspace.
21
22~ " "{r load-data} = b
23 load("brfssz2@13.RData")
I i | EJ Exploring the BRFSS data = R Markdown =

I4
v




Keep code and explanation together!

00O RStudio
Ql~ -~ | & | | A Go to file/function | &_8 v Addins ~
o
el : :
A @ LE-Neo_UseCase.Rmd * (3] DownloadFLDAS.R * @7 intro_data_prob_project.Rmd | = ]
5 ABC :8 - + - J1 .- - Yo, v =
jUp)’ter n & v Q 0 ) Insert v <2 | [=®Run O =
1l ===
v 2 title: "Exploring the : Knit to HTML
& 3 output: g
4 html_document: m Knit to PDF
Notebook 5 fig-heignt: 4 |
6 highlight: pygmer m Knit to Word
7 theme: spacelab
g8 --- "
9 Knit with Parameters...
10 ~ ## Setup P
- & Clear Knitr Cache...
R Markdown 3 ms e e
13
14~ " "{r load-packages, message = FALSE} - b
from @ Studio 15 1library(ggplot2)
16 library(dplyr)
17 o
18
19 ~ ### Load data
20 Load the BRFSS data into the workspace.
21
22~ " "{r load-data} = b

23 load("brfssz2@13.RData")
I i | EJ Exploring the BRFSS data = R Markdown =




Keep code and explanation together!

Part 3: Exploratory data analysis

Research question 1: Relationship between sleep and general health
e ‘ #Remove outliers (can't really sleep more than 24hours)
sleeptime <- filter(brfss2013, sleptiml<=24)
# Summarize the data

healthSleep <- sleeptime %>%

Notebook group_by(genhlth) %>%

summarise(meanSleep = mean(sleptiml))

## Warning: package 'bindrcpp' was built under R version 3.2.5

#Plot the general health/mean of sleep time
ggplot(healthSleep, aes(genhlth, meanSleep)) + geom_point(aes(genhlth, meanSleep)) +
labs(title="mean hours of sleep for each health category", x = 'general health', y='hours of sleep’')

mean hours of sleep for each health category

R Markdown PO
from @Studid 741- .

N
o
'

From the plot above, there appears

hours of sleep

i
[{=}
'
L

6.8 -

Excellent Very good Good Fair Poor NA
general health

to be a general correlation between health and the amount of sleep.



Keep code and explanation together!

4\ MATLAB — O X

HOME PLOTS APPS LIVE EDITOR INSERT VIEW Al f Sk NS E =1 (2)] Search Documentation po} Loglin

LoJ Find Files 43 v /4 Normal v =l =| [ZE] rRun section |
o e o e niuu B8 D

FILE | NAVIGATE | TEXT

=
=- » G g

Ml

o g
Jupyter —

,\/

Bl Live Editor - C:\MATLAB\ExploringExoplanets.mlx

ExploringExoplanets.mix +
cross-sectional area. |hen the total energy reaching the planet can be Light Years from Earth MM
Notebook calculated as
Ep - nR,'fF;, The nearest exoplanet 1s around Proxima Cen, 4.21 light years from eartn
where R, is the planet's radius. We know that the planet must be in 8000 -
thermal equilibrium -- not getter hotter or colder over time. The planet ® A
radiatek energy into space at the same rate it receives it from its star. ® o 8 E
The temperature at thermal equilibrium is called the equilibrium 7000 f o G
R M a r k d O W n temperature. We can use the same equation we used above to e .
calculate the star's luminosity but this time using the planet's total -
energy input. &
from QStUdid E, = 4nRT! =
g 5000 oo
where T, is the planet's equilibrium temperature. Rearranging for T, CE’L 0" o
gives =
N 4000 b .
T,= |- B _
P 'c' 4R o G ()
\ Rﬂ o 3000 -
Mat hWO rks ® < AR A0 3 e v
Command Window ®
st_name st_distance st_right_ascension st_declination st_spectral_type st_solar_radii st_mass st_lun ,
MATLAB Live Editor
'K2-18" 34 172.56 7.5884 'M2.5 V' 0.39 0.41 Nab
'K2-3" 42 172.33 -1.4548 MO V' 0.56 0.6 Nab
'K2-72" NaN 334.62 -9.6124 s 0.23 0.22 Nat V¥

nm |
-
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INTERNATIONAL GEO SAMPLE NUMBER: IGSN

» Globally unique and persistent identifier
for physical samples in the Earth Sciences

» To obtain a number, go to http://
www.geosamples.org/

» Record and register quality metadata for
your samples

» At a minimum: Location, contact,
access restrictions, lithology

» Use IGSNs in your publications: text, data
tables,...

Credit: http://www.scientificpaperofthefuture.org

IGSN: DSROO050U

IGSN:
Sample Name:
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