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Data Management Challenges
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Data Entropy
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Data Discovery

The US

Long Term Ecological Research
Network

Avian
Knowledge
Network

ATLAS OF LIVING AUSTRALIA
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| RESEARCH NETWORK

100s
Repositories
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Institutions

Scientists

100,000s
Citizen
Scientists



Data Heterogeneity

* Syntax (format)

e Schema (model)  StudyA
< 7 Study A White Mountains
S . gg Area col. units: 3q. meter
o Z PIRU =  Picea rubens
emantics S5 W D ok
(meanlng) date site species area count
10/1/1993|N6S4 | PIRU | 2 | 26
310."3."1994 N654 | PIRU | 2 | 29 Integrated Data
10/1/1993|N6s4 | BEPA | 1] 3 | study date site species density
A 1011983 |N654|Pices Rubens 13.0
10v3/1994 [NB54|Picea Rubens 14.5
Study B 10/1/1983 [N654|Betula papyifera| 3.0

107311993 1 |Picea Rubens 135
10/31/1983] 1 |Betulapapyifersl 1.6
plcrub =  Plcea rubens 11/14/1994| 1 |Plcea Rubens 84
betpap =  Betula papyifera 11/14/1994] 1 |Bstula papyiferd 1.8

date site picrub betpap T T T T

Study B: Green Mountains
Area sampled: 1 3g. meter

D|D|D|@® || >

METADATA
(from ENML)

31 Oct 1993 1 13.5 1.6 metadata specles metadata
14 Nov 1994 | 1 8.4 1.8 ‘promaoted’ format from stucy B density
to become normalized Is now data cakulated
data using (picrub/oetpap using

metadata column headings) metadata

Jones et al. 2007



Research and data life cycle integration

Cycles of Research — An Information View P 4 ~

Analyze ‘ Collect

Data Center/
Archive

Review

Analysis

and \Discover, analyze,
modeling and extract information

Measurements
Original
Observations

Planning Planning

Problem Definition 1 N
Research Objectives Preserve

Integrate
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X

Many iterations of data to final

data product
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Open Science Movement

EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20502

he WHITE HOUSE prESIDENT BARACK 0BAMA

February 22, 2013
BLOG PHOTOS & VIDEO

WE/A(, YOUR VOICE IN OUR GOVERNMENT
PEOPLE 1o vorce our covemmens

4 CREATE A PETITION

BRIEFING ROOM ISSUES the ADMINISTRATION

MEMORANDUM FOR THE HEADS OF EXECUTIVE DEPARTMENTS AND AGENCIES

FROM: John P. Holdran,H_

Director

SUBJECT: Increasing Access to the Results of Federally Funded Scientific Research

1. Policy Principles

The Administration is committed to ensuring that, to the greatest extent and with the fewest OPEN PETITIONS RESPONSES HOW & WHY
constraints possible and consistent with law and the objectives set out below, the direct results of
federally funded scientific research are made available to and useful for the public, industry, and

the scientific community. Such results include peer-reviewed publications and digital data.

Scientific research supported by the Federal Government catalyzes innovative breakthroughs that ALl S LU L MRS LA =S

drive our economy. The results of that research become the grist for new insights and are assets
for progress in areas such as health, energy, the environment, agriculture, and national security.

Access to digital data sets resulting from federally funded research allows companies to focus
resources and efforts on understanding and exploiting discoveries. For example, open weather

To that end, | have issued a memorandum today (.pdf) to Federal agencies that directs those
with more than $100 million in research and development expenditures to develop plans to
make the results of federally-funded research publically available free of charge within 12
months after original publication.

...the memerandum requires that agencies start to address the need to improve upon the
management and sharing of scientific data produced with Federal funding.

Require free access over the Internet to scientific journal articles arising from taxpayer-funded
research.

Increasing Public Access to the Results of Scientific
Research

By Dr. John Holdren

Thank you for your participation in the We the People platform. The Obama Administration agrees that
citizens deserve easy access to the results of research their tax dollars have paid for. As you may

arch
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Metadata as a Solution

Descriptive

» keywords
 geographic location
* time period
« attributes

e Subject matter of content

Structural

 Content types and attributes

* use constraints
» access constraints
 data quality

« availability/pricing

Administrative

e Who, when, how content created

e Defines who can access, how

X a l—‘ al o)
FoAND, J_.JJ
* online access

* order process
» contacts

it can be used




Dataset Metadata Has Value to ALL

Data
developers

Metadata
helps...

Organizations
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Proper Dataset Curation Enables Data Reuse

Sufficient for Sharing
and Reuse

Information Content

Archive

Metadata and
Documentation,

Planning

Time

Information Content

Sufficient for Sharing
and Reuse
etadata and
Documentation
Collection

Planning

Time
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DataONE addressing the Data Challenge

Provide universal access to data about life on earth and the environment

1. Building community

2. Developing sustainable
data discovery and

interoperability solutions
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3. Enabling science through
tools and services

-
= Y
--I Leerare -Assu MENDELEY
\ / Kepler \.
Discover ‘ @ @NE@
()™ 3¢ DATAUP

®NEShare ®NEMercury.
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Discovery via DataONE

Three major components for a
flexible, scalable, sustainable
network

Coordinating Nodes

e retain complete metadata
catalog

e indexing for search

e network-wide services

e ensure content availability
(preservation)

e replication services

THE UNIVERSITY of OAK

" NEW MEXICO [gpaliislel

National Laboratory

NCEAS -




Discovery via DataONE

Three major components for a

. . — Coordinating Nodes
flexible, scalable, sustainable 8

network Member Nodes
' e diverse institutions
e serve local community
e provide resources for
managing their data
* retain copies of data

_
TheCornellLab

-»A UC3Merritt

IR

Q @P’SC@
QNEShare
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Discovery via DataONE

Three major components for a
flexible, scalable, sustainable
network

Coordinating Nodes

Member Nodes

e diverse institutions

e serve local community

e provide resources for
managing their data

* retain copies of data

_
[—I ) TheComellLao Y

7,\ UC3Merritt
~ Rl
QNEShare
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Discovery via DataONE

Three major components for a
flexible, scalable, sustainable
network

Coordinating Nodes

Member Nodes

Investigator Toolkit

& @ python
Java ONEDrive B
= DMP Tool
GNEMercury?
¢ DATAUP
eries ONEQR
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Enable Data Discovery

| ORNL DAAC |

| USGS CSAS |

FGDC, ISO,

DIF, FGDC

FGDC, ISO,
FGDC

o

MNs

( KNB |EMLISO .
| PISCO e
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Extract and Align Metadata

Augment Metadata
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Community

* Listening
 Understanding
* Engaging

18



Listening

stakeholder surveys

persona and scenario
development

cyberinfrastructure
development

= library’s & data
scientists librarians managers

usability testing
Data®N\E = - - - oBmemse

New DataONE Education Resour(

DataONE provides CCO access to a sute of ten training modules that
your data management teaching. Modules cover all aspects of the Da
through collection, description, QAQC, analysis and preservation

external assessments/surveys

'_@'PI_OS|0NE Atticles | ForAuthors = AboutUs  Search a

advanced search

& OPENACCESS P PEERREVIEWED 10,244 21 189 40
VIEWS CITATIONS ACADEMIC SOCIAL
RESEARCH ARTICLE BOOKMARKS = SHARES

Data Sharing by Scientists: Practices and Perceptions

Carol Tenopir B, Suzie Allard, Kimberly Douglass, Arsev Umur Aydinoglu, Lei Wu, Eleanor Read, Maribeth Manoff, Mike Frame




Scientists want to share data

84%

81%

76%

676

.6— Currently share all of their data

Metadata standards

o5 o 96 97

12 21 26

 — 1 1
1 1 1 1 1 1 1 1

DIF DwC DC EML FGDC Open ISO My Lab none
GIS
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Understanding

OPEN a ACCESS Freely available online & PI ‘()S one

Data Sharing by Scientists: Practices and Perceptions

Carol Tenopir'*, Suzie Allard’, Kimberly Douglass’, Arsev Umur Aydinoglu’, Lei Wu', Eleanor Read?,
Maribeth Manoff?, Mike Frame®

1 School of Information Sciences, University of Tennessee, Knoxville, Tennessee, United States of America, 2 University of Tennessee Libraries, University of Tennessee,
Knoxville, Tennessee, United States of America, 3 Center for Biological Informatics, United States Geological Survey, Oak Ridge, Tennessee, United States of America

Abstract

Background: Scientific research in the 21st century is more data intensive and collaborative than in the past. It is important
to study the data practices of researchers - data accessibility, discovery, re-use, preservation and, particularly, data sharing.
Data sharing is a valuable part of the scientific method allowing for verification of results and extending research from prior
results.

Methodology/Principal Findings: A total of 1329 scientists participated in this survey exploring current data sharing
practices and perceptions of the barriers and enablers of data sharing. Scientists do not make their data electronically
available to others for various reasons, including insufficient time and lack of funding. Most respondents are satisfied with
their current processes for the initial and short-term parts of the data or research lifecycle (collecting their research data;
searching for, describing or cataloging, analyzing, and short-term storage of their data) but are not satisfied with long-term

Aata nraconatinn Manu nrnanizatinne An nat nravids ciinnnrt tn thair r horc far Aata mananamant hnath in tho chart.

« 2/3" report that organizational help and support is lacking

21



The Long Tail Science

Volume

“Most of the bytes
are at the high end,

Specialized repositories but most of the
(e.g. GenBank, PDB) datasets are at the

/ low end” — Jim Gray

Orphan data

l

Rank frequency of datatype (B. FcEl

22



S DATAUP

Intercept researchers where they already work

||||||||||||||||||||||

Microsoft’

Research &Y CDL

GORDON AND

MOORE Data®\E



ste
33

2

e
cacen

000400
2060
oo
0.006+00
0600

T
~

0.00600
00600

0L €.006%00)

0060

20060

200601 0.00E+0K

20648 400608 2.
20 QgeEde 20E01 40

] %
PN\

DATAUP

v/ Check for best practices
¢/ Create metadata
¢/ Connect to ONEShare

206

<?xml versione"1.8" encoding="UTF-8

" systemeknb" xmlns:emle"esl
MLSchema-instonce”™ xsi:schemol
teme"knb" order="allowfirst™s

bic-ccoinfornatics,dceorg</princ

>Joe</givenName >

cience Institute</deliveryPoint
<odministrativeArec>CA</administrotiveAreas
<postalCode>90024</postal Code>

<country>USA</country>
ddress»
<phone>(310) 206-1984</phone>

<electronicMailAddress>jscifmsi. ucsh. edu</electroni Mol lAddress>
</creator>

<associatedPartys <individualNomes <givenName:Joe<
<surName>Scientist</surName>

</individualNome>

<oddress> <deliveryPoint-Marine Science Institute<
<city>Santa Borbora</city>
<administrativeArea>CA</adeinistrativeAreas
«postalCode-90024</postal Code»
<country-USA</country-

</address>

<phone>(310) 206-1984</phone>

givenName

deliveryPoint.

el R e
GENERAL METADATA
oo A || et ad Detaut
Crmter§ st e v

Crmstorast marme -
“Phena

* Orgwviston Croston Addrens, ",
It of datasat

Todwy's date* CrmatorCity ot
Abstract

Repository name and contact informatien Creator; State/ prowince
w for dats
7 Dats Contact Person: Frst name Ormtoniestel exde -~
Data Contact PerseniLast name PR
Data Contact Person Addwess %
Data Contact Person:City Crmstor: bl ’ -t
Date Contact Person State/provace
2) Data Contact Person: Country
24 Data Contact Parscn: Phend Crostor Organiratwn " e
25 Dats Contact Persory Emal
0 Oata Contact Perscn Organiation Tithe of datanes*
27 keyword(s)
0 thesaurus used Todsy's date” e
25 Geographic coversge Descnption
30 GEOEEhIC Coverage: West cocrdinan  Avsract
31 Geographic coveraze East bounéng cosrdnate
3 GGG Coverage:Marth cocedinat  ®eeosiory same and contact mfo... | ONEShare
) Geographic coverage:South bousdig coordinat
3¢ Tameeeal cevar: date - »
35 Temporal coverage:Ending date
36 Project titk —
37 Project descnption — Coocd
3 Fundng casH
3% Intelectual nghts o8y
5002t table came
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Enable Data Discovery

Ease of good search key for users
Metadata quality key enabler
Scaling search is hard

o

MNs
Access search API

Promote quality metadata Develop & curate metadata

Enable search refinement Promote quality metadata

< &

Index & replicate metadata Semantics research collaboration

Fast, .robust search APl Drive usability improvements
Validate metadata




Preserve Data and Metadata

Support common metadata standards
Use checksums for invariance

Replicate metadata across all CNs

Replicate data across participating MNs

e (one)

Assemble data packages Manage system metadata
Curate data & metadata Replicate and preserve metadata
Establish replication policies Enforce checksum consistency

Promote quality metadata Broker & maintain data replication



Enabling Scientific Discovery Example




Data Intensive Science in Biodiversity Research

DI soc: Sesors .
Collection : ata
zati Exploration,
Organization ' ratic
dati Visualization,
Validation AT
Preservation, nd Analysis
& Access

Kelling et al. 2009

The full data “life cycle” from data curation to scientific learning —

engage scientists, land-managers, policy makers, students,
educators, and the public



Frag. Sta

Latitude/Longitude
Edge density

Patch density

Mean Edg ontrast

Land [ H

Observation @

Latitude / Longitude
Area effort

Date /time effort

S

Environment “

Latitude/Longitude
Bird Conservation Region
Elevation

Population /
Climate
Latitude/Longitude

Total Precipitation

Snow Depth




High Performance Computing and Climate Change:
Environmental Cues of Migration

. . ORNL DAAC
Latitude, longitude, &

. ) . i f ;
Latitude, Longitude of bird t'mw B T4
Observations from eBird database =

p
providing presence/absence = ﬁﬁ""“ﬂ‘/

e 16 day composite value
e 250-m spatial resolution

Bird Observations MODIS NDVI value e Data from 2000 onwards

MODIS NDVI bands extracted:

* Observations from yE =
ARRAARRAAR e 250m_16_days_EVI
RAAMAAARAL e 250m_16_days_NDVI

~350,000 locations used N& )
in the extraction c\.
e More than 15 million b e 250m_16_days_VI_Quality

)
y
NDVI/EVI values ,\4. ‘ « 250m_16_days_pixel_reliability
-

extracted ®
@

n'z
iG‘i TeraGrid

Data®\E

<
AN o



Climate Change:
Environmental Cues of Migration

Spring Arrival Dates Expected Spring Arrival Dates

with “leaf out” two weeks early



Enabling Scientific Discovery

Land Cover

Meteorology

@

MODIS -
Remote
sensing data

ZUSGS

science for a changing world

TheCornellLab ™~
of Ornithology

Diverse bird observations and
environmental data from
300,00 locations in the US
integrated and analyzed using
High Performance Computing

Resources
DD
&) TeraGrid”

| -
F(X,s;f)m—m X.s.0)(s,1 €6
(X.s )-”(U)Zf,( s\DI(s )

Spatio-Temporal Exploratory
Model identifies factors
affecting patterns of migration

Data®\E

/ Model results

Occurrence of Indigo Bunting (2008

* Examine patterns of
migration

* Infer how climate
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Thank you

Rebecca Koskela, Executive Director DataONE
rkoskela@unm.edu

www.dataone.org

@dataONEorg
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