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A	  very	  diverse	  data	  and	  
metadata	  ecosystem	  
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Sensors,	  sensor	  networks,	  and	  	  
remote	  sensing	  gather	  observaEons;	  	  
Data	  management	  and	  stewardship	  	  
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Data deluge in Earth Science 



MoEvaEon:	  what	  we	  are	  
trying	  to	  solve	  

�  Data	  held	  in	  data	  centers	  focused	  on	  broad	  data	  types	  or	  
earth	  realms	  
�  Ocean,	  ice,	  hydrology,	  climate,	  etc.	  

�  But	  phenomena	  of	  interest	  require	  data	  to	  be	  integrated	  
from	  all	  these	  data	  types	  for	  meaningful	  analysis	  
�  PredicEng	  flash	  floods	  
�  Visualizing	  hurricanes	  
�  Containing	  forest	  fires	  
�  Studying	  the	  North	  Pacific	  algae	  bloom	  

�  Between	  various	  sources,	  data	  and	  metadata	  may	  overlap	  
or	  be	  orthogonal	  



	  
Our	  proposed	  soluEon	  

�  Provide	  ontologies	  to	  help	  with	  detailed	  annotaEons	  or	  
descripEons	  of	  data	  elements	  and	  text	  

�  Improve	  discoverability	  of	  ontologies	  to	  support	  informaEon	  
integraEon	  

�  Ontologies	  are	  currently	  living	  on	  project	  web	  sites	  
�  Enhance	  the	  quality	  of	  data	  annotaEons	  
�  Evaluate	  ontology	  scope	  
�  Improve	  ontology	  re-‐use	  
�  Enable	  the	  re-‐use	  of	  minimal	  amount	  of	  concepts	  
�  Apply	  ontology	  design	  pa]erns	  



	  What	  are	  ontologies?	  
�  A	  formal	  specificaEon	  

of	  the	  basic	  concepts	  
in	  a	  topic	  area,	  the	  
relaEonships	  between	  
these	  concepts,	  and	  
the	  rules	  constraining	  
the	  instances	  of	  a	  
concept.	  

�  A	  set	  of	  formal	  
machine-‐readable	  
definiEons	  for	  the	  
terms	  comprising	  a	  
vocabulary	  

�  The	  rules	  for	  
combining	  terms	  and	  
relaEons	  



Challenges	  to	  human	  communicaEon	  
and	  so`ware	  interoperability	  

Dirt	  

Reservoir	  Contaminant	  

Soil	  

Erosion	  EsEmator	  

Gravel	  

Landfill	  Capacity	  Planner	  

Concept	  

Ground	  

SemanEc	  challenge	  1:	  synonymy	  

Erosion	  

	  
Water	  Flow	  

	  
Soil	  Permeability	  

Water	  PurificaEon	  

	  
Soil	  Permeability	  

	  
ContaminaEon	  

Process	  

CondiEon	  

Factor	  

SemanEc	  challenge	  2:	  	  
polysemy	  and	  term	  ambiguity	  

Most	  effort	  –	  and	  success	  –	  in	  rela7ng	  human	  and	  system	  concepts	  	  
Li?le	  effort	  –	  and	  success	  –	  in	  rela7ng	  human	  and	  system	  processes	  



Ontologies	  are	  relevant	  to	  Big	  Data	  
�  Massive-‐scale	  raw	  data	  must	  be	  highly	  structured	  to	  be	  useful	  to	  

downstream	  users	  in	  the	  Earth	  Science	  domain	  

�  Data	  produced	  at	  great	  effort	  and	  expense	  are	  only	  useful	  as	  
researchers’	  ability	  to	  locate,	  integrate	  and	  access	  them	  

�  This	  ability	  depends	  upon	  proper	  annotaEon	  of	  the	  data	  with	  
tags.	  	  Ontologies	  are	  a	  good	  source	  of	  agreed-‐upon	  tags	  for	  
specific	  domains	  

�  The	  creaEon	  and	  curaEon	  of	  ontologies	  in	  any	  scienEfic	  domain	  is	  
resource-‐intensive	  and	  may	  be	  best	  achieved	  through	  community	  
curaEon	  and	  crowd-‐sourcing	  

“Big	  Data:	  the	  future	  of	  biocuraEon.”	  	  Doug	  Howe	  et	  al.	  Nature	  455,	  47-‐50	  (2008)	  

“Omics	  data	  sharing.”	  	  Dawn	  Field	  et	  al.	  	  Science	  326(5950),	  234-‐236(2009)	  

“MoEvaEng	  online	  publicaEon	  of	  data.”	  	  Mark	  Costello.	  	  Bioscience	  59(5)	  (2009)	  



	  
Our	  plan	  

�  Deploy	  an	  ontology	  repository	  
�  Provide	  a	  centralized	  locaEon	  for	  earth	  science	  ontologies	  

�  Create	  mappings	  between	  ontologies	  in	  the	  repository	  

�  Place	  the	  project	  under	  the	  auspices	  of	  the	  ESIP	  federaEon	  



�  Mission	  and	  focus,	  volunteer	  organizaEon	  
�  How	  it	  funcEons,	  telecons	  
�  Bi-‐annual	  meeEngs	  

�  Data	  and	  technology	  pilot	  efforts	  

�  Two	  commi]ees:	  	  
�  SemanEc	  Technologies,	  	  
�  P	  &	  S	  

The	  ESIP	  federaEon	  
h]p://esipfed.org	  



ESIP	  community	  



CollaboraEon	  Area	  Structure	  
ESIP	  Clusters:	  
�  Agriculture	  and	  Climate	  
�  Cloud	  CompuEng	  
�  Discovery	  
�  Disaster	  Lifecycle	  
�  DocumentaEon	  
�  Drones	  
�  Drupal	  
�  Earth	  Science	  Data	  AnalyEcs	  
�  Envirosensing	  
�  InformaEon	  Quality	  
�  GeospaEal	  
�  Science	  So`ware	  
�  Sustainable	  Data	  Management	  
�  Web	  Services	  

FormalityLeast Most

Clusters	  

Features:	  
�  Forms	  by	  sending	  VP	  an	  email	  
�  Ends	  when	  last	  person	  hangs	  up	  

http://esipfed.org/collaboration-areas 	  



Least Most

Clusters	  
Working	  
Groups	  

ESIP	  Working	  Groups:	  
�  Data	  Study	  
�  Drupal	  
�  Climate	  EducaEon	  
�  Visioneers	  

Formality

Features:	  
�  Created	  by	  Assembly	  or	  Commi]ee	  
�  Task-‐oriented	  
�  Budget*	  

CollaboraEon	  Area	  Structure	  



	  	  Commi]ees	  

Standing	  Commi?ees:	  
�  Data	  Stewardship	  
�  EducaEon	  
�  InformaEon	  Technology	  and	  

Interoperability	  
�  Products	  and	  Services	  
�  SemanEc	  Technologies	  

Working	  
Groups	  

Formality

Features:	  
�  Created	  by	  Assembly	  or	  Commi]ee	  
�  Task-‐oriented	  
�  Budget*	  

Administra7ve	  Commi?ees:	  
�  ConsEtuEon	  and	  Bylaws	  
�  Finance	  and	  AppropriaEons	  
�  Partnership	  

Clusters	  

Least Most

CollaboraEon	  Area	  Structure	  



Governance:	  types	  of	  ESIP	  
members	  

Type	  I:	  Data	  Centers	  
•  NASA	  DAACs	  

•  NOAA	  (NGDC,	  NODC,	  NCDC)	  

Type	  III:	  Applica7on	  
Developers	  
•  Commercial	  

•  Nonprofit	  
•  EducaEonal	  

Type	  IV:	  Strategic	  Partners	  
•  NASA	  
•  NOAA	  

ESIP	  Assembly:	  
•  One	  partner,	  one	  vote	  
•  Annual	  business	  meeEng	  at	  ESIP	  Winter	  MeeEng	  
•  Leadership	  elected	  from	  Assembly	  representaEves	  

Type	  II:	  Researchers	  and	  Tool	  
Developers	  

• 	  	  Academia	  

• 	  	  Government	  labs	  



ESIP	  Groups	  
Standing	  Commi?ees	  

•  Data	  Stewardship	  
•  EducaEon	  
•  InformaEon	  Technology	  and	  

Interoperability	  
•  Products	  and	  Services	  
•  SemanEc	  Web	  Technologies	  

Administra7ve	  Commi?ees	  
•  ConsEtuEon	  and	  Bylaws	  
•  Finance	  and	  AppropriaEons	  
•  Partnership	  
•  NominaEons	  

Working	  groups	  
•  Visioneers	  
•  Climate	  EducaEon	  
•  Energy	  &	  Climate	  

Clusters	  
•  Agriculture	  and	  Climate	  
•  Cloud	  CompuEng	  
•  Discovery	  
•  Disaster	  Lifecycle	  
•  DocumentaEon	  
•  Drones	  
•  Drupal	  
•  Earth	  Science	  Collaboratory	  
•  Envirosensing	  
•  InformaEon	  Quality	  
•  GeospaEal	  
•  Science	  So`ware	  
•  Sustainable	  Data	  Management	  
•  Web	  Services	  
	  
	  

http://esipfed.org/collaboration-areas 	  



Things	  ESIP	  Does	  
�  Community-‐generated	  best	  pracEces	  
�  Testbed	  funds	  several	  proposals	  per	  year	  
�  Professional	  development	  
�  Outreach	  
�  Provide	  virtual	  and	  in-‐person	  venues	  for	  collaboraEon	  and	  connecEons	  
�  Provide	  mini-‐grants	  to	  make	  stuff	  happen	  
�  Student	  fellows	  
�  Winter	  and	  Summer	  meeEngs	  –	  everyone	  welcome	  



ESIP	  Online	  

	  #esipfed	  
	  @ESIPFed	  

h]p://esipfed.org	  	  	  	  
h]p://wiki.esipfed.org	  	  
h]p://commons.esipfed.org	  	  
h]p://testbed.esipfed.org	  
h]p://Enyurl.com/esip-‐facebook	  	  



TYPE	  I	  
TYPE	  II	  

TYPE	  III	  

Clusters	   Commi]ees	  Working	  Groups	  

COLLABORATION	  AREA	  STRUCTURE	  



The	  ESIP	  SemanEc	  Portal	  



Advantages	  of	  the	  semanEc	  
portal	  

�  ProgrammaEc	  access	  to	  
ontologies	  via	  REST	  
services	  

�  VisualizaEon	  of	  ontology	  
enEEes	  in	  their	  
hierarchical	  context	  

�  VisualizaEon	  of	  ontology	  
enEEes	  in	  a	  graph	  

�  Possibility	  to	  enter	  and	  
edit	  annotaEons	  

�  AutomaEc	  upload	  of	  
mappings	  



EvaluaEng	  the	  ESIP	  ontologies	  
�  Very	  different	  degrees	  of	  quality	  and	  descripEons	  

�  One	  way	  to	  improve	  the	  degree	  of	  quality	  is	  to	  locate	  terms	  
with	  similar	  semanEcs	  between	  two	  ontologies	  

�  One	  purpose	  of	  the	  evaluaEon	  was	  to	  provide	  backend	  
mappings	  between	  enEEes	  for	  semanEcally	  similar	  terms	  
from	  different	  ontologies	  for	  the	  same	  domain	  so	  that	  users	  
can	  then	  annotate	  the	  terms,	  add	  relaEonships,	  re-‐use	  
pa]erns.	  

	  



Agreement	  Maker	  Light	  (AML)	  
�  We	  use	  Agreement	  Maker	  Light,	  an	  algorithm	  from	  the	  

Ontology	  Alignment	  EvaluaEon	  IniEaEve.	  	  
�  CitaEon:	  	  Ontology	  Maker	  Light	  	  Faria,	  D.,	  Pesquita,	  C.,	  Santos,	  E.,	  Palmonari,	  M.,	  Cruz,	  I.	  F.,	  &	  

Couto,	  F.	  M.	  (2013,	  January).	  The	  agreementmakerlight	  ontology	  matching	  system.	  In	  On	  the	  Move	  
to	  Meaningful	  Internet	  Systems:	  OTM	  2013	  Conferences	  (pp.	  527-‐541).	  Springer	  Berlin	  Heidelberg.	  

�  AML	  uses	  synonym	  properEes	  between	  labels	  as	  
determined	  by	  the	  TF-‐IDF	  measure	  

�  Ranked	  second	  in	  the	  OAIE	  annual	  campaign,	  2013	  
�  Ranked	  first	  in	  8	  ontologies	  for	  OAIE	  2014	  campaign	  



Ontologies	  to	  map	  
�  SWEET:	  

Summer	  
2014	  
version	  –	  
4549	  
classes,	  360	  
properEes	  

�  ENVO:	  
Environme
ntal	  
Ontology	  –	  
over	  4700	  
classes,	  60	  
properEes	  

ENVO	  



Results	  of	  the	  mapping	  exercise	  

Alignment	  produced	  by	  ALM	  light:	  841	  mappings	  
Term	  mapping	  produced	  by	  LOOM	  in	  the	  portal	  instance:	  242	  



SWEET-‐to-‐EGG:	   	   	   	   	  18	  
EGG-‐to-‐SWEET: 	   	   	   	  18	  
	  
SWEET-‐to-‐Iceoflandorigin:	   	   	  5	  
Iceoflandorigin-‐to-‐SWEET: 	  	   	  5	  
	  	  
SWEEt-‐to-‐seaiceconcentraEon: 	  12	  
seaiceconcentraEon-‐to-‐SWEET: 	  12	  
	  
SWEET-‐to-‐seaicedevelopment:	   	  1	  
seaicedevelopment-‐to-‐SWEET:	   	  1	  
	  
SWEET-‐to-‐seaiceform:	   	   	   	  9	  
seaiceform-‐to-‐SWEET: 	   	   	  9	  
	  
SWEET-‐to-‐seaice:	   	   	   	   	  15	  
seaice-‐to-‐SWEET: 	   	   	   	  15	  
	  
SWEET-‐to-‐sig3: 	   	   	   	  20	  
Sig3-‐to-‐SWEET: 	   	   	   	  20 	  

	   	   	  	  

SemanEc	  Sea	  Ice	  Interoperability	  
IniEaEve	  (SSIII)	  ontologies	  



ESIP	  support	  of	  the	  repository	  
�  Through	  the	  SemanEc	  Technologies	  commi]ee	  

�  Original	  impulse	  
�  The	  audience	  reached	  fits	  the	  purpose	  

o  Wide	  audience	  of	  Earth	  scienEsts	  and	  technologists	  with	  the	  need	  
for	  ontologies	  or	  who	  create	  ontologies	  in	  mulE-‐disciplinary	  
research	  

�  Collect	  user	  feedback,	  wish	  list,	  guidance	  
�  Proposals	  to	  ESIP	  for	  designing	  a	  governance	  model	  	  
�  Technology	  evaluaEon	  

�  Through	  the	  Products	  and	  Services	  commi]ee	  
�  IniEal	  funding	  
�  Technology	  evaluaEon	  framework	  
	  



Sustainability	  
�  ESIP’s	  AWS	  cloud	  micro-‐instance	  not	  sufficient	  to	  support	  the	  

code	  base	  

�  Currently	  on	  departmental	  server	  at	  USC	  

�  Applying	  to	  ESIP	  testbed	  for	  infrastructure	  support	  
�  Ontology	  Repositories	  support	  a	  wide	  range	  of	  features	  

o  Seeking	  Balance	  -‐	  advanced	  features	  require	  more	  support	  (hardware	  
and	  admin	  support)	  

o  Currently	  evaluaEng	  the	  necessary	  set	  of	  features	  for	  this	  community	  
�  Governance	  in	  discussion	  

o  Governance	  refers	  to	  both	  the	  portal	  and	  the	  ontologies	  
o  What	  are	  the	  long-‐term	  implicaEons	  of	  supporEng	  a	  portal	  (hardware/

so`ware/admin)	  for	  ESIP?	  
o  How	  to	  effecEvely	  manage	  ontology	  changes	  in	  300+	  person	  organizaEon	  

�  Several	  sustainability	  studies	  currently	  under	  way	  within	  ESIP	  



Conclusions	  
�  Our	  soluEon	  supports	  the	  integraEon	  of	  data	  and	  metadata	  

by	  providing	  detailed	  annotaEons	  to	  data	  elements	  using	  
ontology	  enEEes	  

�  We	  provide	  mappings	  between	  the	  ontology	  enEEes	  that	  
support	  extension	  of	  the	  ontologies	  and	  an	  esEmate	  of	  the	  
difference	  in	  concepts	  between	  ontologies	  	  

�  Our	  organizaEonal	  structure	  ensures	  that	  we	  reach	  the	  
intended	  users	  and	  can	  collect	  feedback	  

�  We	  are	  working	  with	  the	  ESIP	  foundaEon	  to	  establish	  a	  
sustainability	  and	  governance	  plan	  



Thank	  you!	  
	  


