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Sensors,	  sensor	  networks,	  and	  	  
remote	  sensing	  gather	  observa2ons;	  	  
Data	  management	  and	  stewardship	  	  
	  

Data	  deluge	  
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Prolifera2on	  of	  ci2zen	  science	  	  	  
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DataONE	  is	  Foremost	  a	  Federa2on	  

Member	  Nodes	  (MNs)	  
•  Heart	  of	  the	  federa2on	  
•  Harness	  the	  power	  of	  local	  
cura2on	  

Coordina2ng	  Nodes	  (CNs)	  
•  Services	  to	  link	  Member	  Nodes	  

Inves2gator	  Toolkit	  (ITK)	  
•  Tools	  for	  the	  whole	  data	  lifecycle	  
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Three	  Major	  Components	  

Inves&gator	  Toolkit	  

Web	  Interface	   Analysis,	  Visualiza2on	   Data	  Management	  

Client	  Libraries	  
Java	   Python	   Command	  Line	  

Member	  Nodes	   Coordina&ng	  Nodes	  
Service	  Interfaces	  

Object	  Store	   Index	  

Resolu2on	  
Registra2on	  Replica2on	  
Discovery	  

Iden2fiers	  

Iden2ty	  Auth-‐z	  

Catalog	  
Preserva2on	   Monitor	  

Service	  Interfaces	  

Service	  Bridge	  

Data	  Repository	  

Tier	  1	  –	  Read	  only,	  Public	  
Tier	  2	  –	  Read	  only,	  Auth-‐z	  
Tier	  3	  –	  Read,	  Write	  
Tier	  4	  –	  Replica2on	  target	  
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DataONE	  as	  Linked	  Science	  
Discovery	  and	  access	  from	  
heterogeneous	  sources	  

•  Simula2ons,	  models,	  experiments,	  
remote	  sensing,	  GIS,	  molecular	  and	  
omics	  databases,	  publica2ons	  	  

Metadata	  and	  seman2cs	  integra2on	  
Workflows,	  scenario	  development,	  
data	  and	  process	  re-‐use,	  provenance	  
Engaging	  communi2es	  of	  scien2sts,	  
educators,	  librarians,	  developers,	  
volunteers	  
Relies	  upon	  cyber-‐infrastructure	  
promo2ng	  open	  source	  
Complex	  systems	  of	  systems,	  
networks	  of	  projects,	  repositories,	  
archives,	  publishers	  
	  

Coupled	  Climate-‐Land	  	  
Surface	  Model	  

FLUXNET	  

Coupled	  Climate-‐Land	  Surface-‐
Hydrology	  	  Model	  

Forest	  Biomass	  

Forest	  Biomass	  

IPCC	  Report	  	  
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Deployed	  Infrastructure	  

Coordina2ng	  Nodes	  
•  ORC:	  ORNL	  +	  UTK	  
•  UCSB	  
•  UNM	  

Inves2gator	  Toolkit	  
•  Java	  and	  Python	  libs	  
•  Command	  line	  	  
•  ONEMercury	  
•  (R	  plugin)	  
•  (Morpho)	  
•  (ONEDrive)	  
	  

Member	  Nodes	  
Produc2on	  
•  KNB	  
•  ESA	  
•  SANParks	  
•  USGS	  CSAS	  
•  ORNL	  DAAC	  
•  LTER	  
•  CDL	  
•  PISCO	  
	  
	  

	  
Tes2ng	  
•  AKN	  
•  TFRI	  
•  Dryad	  
•  EDAC	  
•  KUBI	  
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ORNL-‐DAAC	   Dryad	   KNB	  

Community	   Agency	  repository	   Journal	  consor2um	   Research	  network	  

Data	   Ecology	  and	  
biogeochemical	  
dynamics	  

Biosciences	   Biodiversity,	  
ecology,	  
environment	  

Size	   ~	  1,000	  data	  
products,	  ~	  1	  TB	  

~	  1,000	  data	  
products,	  ~	  5	  GB	  

25,000	  data	  
products,	  100s	  GBs	  

Services	   Tools for data preservation, 
replication, discovery, access, 
subsetting, and visualization 

Tools for data preservation, 
replication, discovery and 
access 

Tools for data preservation, 
replication, discovery, access, 
management, and visualization 

Metadata	  stds.	   FGDC	  subset	   Dublin	  Core	  
applica2on	  profile	  

EML,	  FGDC	  

Degree	  of	  cura2on	   High	   Medium	   Low	  

Data	  submission	   Staff-assisted submission and 
curation of final data product 

Web-based data submission at 
time of journal article 
submission 

Self-submission via desktop 
tool at any time 

Sponsor	   NASA	   NSF/JISC,	  socie2es,	  
publishers	  

NSF	  

Diversity	  of	  Member	  Nodes:	  a	  Key	  Factor	  
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Common	  
Index	  

ONEMercury	  

DataONE	  
API	  

Federal	  
Geographic	  
Data	  
Commijee	  

Metadata	  
Encoding	  &	  
Transmission	  
Standard	  

Ecological	  
Metadata	  
Language	  

•  metadata	  standards	  
•  quality	  and	  degree	  of	  cura2on	  
•  quan2ty	  of	  metadata	  
•  number	  of	  keywords	  

Goal:	  	  Improve	  DataONE	  Discovery	  Services	  
	  

Interven&on:	  
Approach	  1	  

Interven&on:	  
Approach	  2	  
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Discovery Services based upon ONE 
Mercury 



11	  



12	  

Ontology-‐based	  Discovery:	  
Ontology	  integra2on	  into	  query-‐results	  

	  
1. 	  we	  had	  a	  metadata	  collec2on	  and	  
discovery	  engine	  (Mercury)	  
2. we	  installed	  the	  NCBO	  ontology	  
repository	  instance	  on	  a	  DataONE	  node	  
3. we	  populated	  it	  with	  Earth	  Sciences	  
ontologies	  	  

•  the	  NASA-‐JPL	  Seman2c	  Web	  for	  
Earth	  and	  Environmental	  
Terminology	  

4. we	  queried	  the	  ontologies	  and	  
returned	  results	  using	  REST	  services	  
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Ontology-‐based	  search	  results	  

Concepts	  acquire	  
context:	  	  biomass	  
as	  Material	  or	  

biomass	  as	  Energy	  

Addi2onal	  
search	  terms	  

Super-‐classes	  
may	  have	  
different	  
proper2es	  	  
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Display	  is	  confusion,	  too	  many	  
facets	  
SWEET	  provides	  a	  good	  basis	  
but	  further	  extensions	  are	  
needed	  
Many	  ontologies	  provide	  too	  
few	  rela2onships	  
	  
	  

Limita2ons	  and	  remaining	  challenges	  

Conclusion:	  
	  
Adding	  ontology	  en&&es	  to	  a	  keyword	  index	  helps	  with	  
recall	  but	  cannot	  subs&tute	  for	  seman&c	  annota&ons	  of	  the	  
metadata	  documents	  themselves	  
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Approach	  2:	  Enrich	  MN	  Metadata	  

DAAC	   DRYAD	   KNB	  

Number	  of	  Documents	   978	   1,729	   24,249	  

Total	  Number	  of	  Keywords	   7,294	   8,266	   254,525	  

Average	  Number	  of	  Keyword/
Document	  

7.46	   4.78	   10.49	  

15	  

• 	  	  Each	  MN	  provides	  keywords	  
• 	  	  Suggest	  addi2onal	  keywords	  for	  	  	  

	  each	  document	  
• 	  	  Treated	  like	  a	  tag	  

	  recommenda2on	  problem	  
	  DAAC	  

DRYAD	  

KNB	  

0	   2	   4	   6	   8	   10	   12	  

1	  

2	  

3	  
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Example	  Scenario-‐	  Hydro-‐Eco	  Use	  Case	  

•  “I	  want	  data	  for	  streamflow	  and	  water	  quality	  
cons6tuent	  concentra6ons	  co-‐located	  with	  fish	  and	  
aqua6c	  macroinvertebrate	  species	  occurrence	  
observa6ons	  to	  inform	  studies	  of	  hydrology	  and	  
water	  quality	  impacts	  on	  aqua6c	  organisms.”	  

•  Requires	  loca2on	  and	  access	  of	  data	  from	  many	  
sources	  (KNB/LTER,	  CUAHSI,	  ORNL	  DAAC,	  Dryad)	  
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Architecture:	  Ontology-‐based	  discovery	  
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Precision	  and	  recall	  

Actual	  
Posi&ve	  

Actual	  
Nega&ve	  

Predicted	  
Posi2ve	  

Tp	   Fp	  

Predicted	  
Nega2ve	  

Fn	   Tn	  

Precision:	  𝑇𝑝/𝑇𝑝+𝐹𝑝 	  
Recall:	  	  𝑇𝑝/█■𝑇𝑝+𝐹𝑛  	  

•  Precision:	  the	  propor2on	  of	  Actual	  posi2ve	  in	  the	  
recommended	  set	  

•  Recall:	  the	  propor2on	  of	  Actual	  that	  are	  
recommended	  over	  the	  en2re	  dataset	  
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Goal:	  Uniquely	  iden2fy	  data	  or	  metadata	  objects	  
• Support	  the	  several	  iden2fier	  types	  widely	  used	  
• Iden2fiers	  assigned	  by	  Member	  Nodes	  
• Uniqueness	  ensured	  by	  Coordina2ng	  Nodes	  
• Resolu2on	  through	  Coordina2ng	  Nodes	  

CN	  Services:	  Iden2fy	  objects	  

LSID	   PURL	  GUID	  
{3F2504E0-4…
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Value	  of	  DataONE	  

•  Discovery	  and	  access:	  Enabling	  discovery	  and	  universal	  
access	  to	  data	  about	  life	  on	  earth	  	  from	  around	  the	  world	  

•  Data	  integra2on	  and	  synthesis:	  Providing	  
transforma2onal	  tools	  that	  enable	  cross-‐cuong	  research	  

•  Educa2on	  and	  training:	  Providing	  essen2al	  skills	  (e.g.,	  
data	  management	  training,	  best	  	  prac2ces)	  for	  scien2fic	  
enquiry	  	  

•  Building	  community:	  Combining	  exper2se	  and	  resources	  
across	  diverse	  communi2es	  to	  collec2vely	  educate,	  
advocate,	  and	  support	  stewardship	  of	  scien2fic	  data	  	  

•  Data	  Sharing:	  Providing	  incen2ves	  and	  infrastructure	  for	  
sharing	  data	  from	  federally	  funded	  researchers	  
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Package	  Package	  

What	  is	  an	  object?	  	  DataONE	  Data	  Model	  

Package	  

Data	  
Science	  
Metadata	  

Resource	  
Map	  

System	  
Metadata	  

System	  
Metadata	  

System	  
Metadata	  

Any	  data	  object	   XML	  documents:	  
ISO19115,	  EML,	  FGDC,	  …	  

OAI-‐ORE	  RDF	  

n	   n	  

1	  
1	  

1	  
1	  

1	  1	  

Granule:	  	  
• Manageable	  by	  DataONE	  
• Has	  unique	  iden2fier	  
• Content	  does	  not	  change	  
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        Architecture 

NBII	  

NCEAS	  

ORNL	  DAAC	  

OBFS	  

IAI	  

LTER	  

Internal	  
Metadata	  
Index	  

LP	  DAAC	  

LBA	  

Catalog	  

M
et
ad
at
a	  
Ex
tr
ac
2o

n	  

•  Single portal  

•  Numerous search capabilities 

•  Search sharing functions 
(RSS, Web Services) 

•  Metadata has link to data, 
which reside at Data Center 

TERN	  

I-‐LTER	  

SAEON	  

BDP	  

EML	  

EML	  

EML	  

FGDC	  

FGDC	  

DIF	  

FGDC	  

Da
ta
	  C
en

te
rs
	  /	  
M
em

be
r	  N

od
es
	  

Stored	  at	  
Coordina2ng	  
Nodes	  

EML	  

EML	  

EML	  
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NASA	  collectors	   DAAC	  Users	  	  	  (UWG)	  

DataONE	  Users	  

ORNL	  DAAC	  	  	  
as	  a	  DataONE	  
Member	  Node	  	  

Inves&gator	  Toolkit	  
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Provide	  credit	  for	  data	  publica2on	  
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Common	  
Index	  

ONEMercury	  

DataONE	  
API	  

Federal	  
Geographic	  
Data	  
Commijee	  

Metadata	  
Encoding	  &	  
Transmission	  
Standard	  

Ecological	  
Metadata	  
Language	  

•  metadata	  standards	  
•  quality	  and	  degree	  of	  cura2on	  
•  quan2ty	  of	  metadata	  
•  number	  of	  keywords	  

Goal:	  	  Improve	  DataONE	  Discovery	  Services	  
	  

Interven&on:	  
Approach	  2	  
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Quickly	  discover	  content	  
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