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Data	
  is	
  collected	
  from	
  sensors,	
  sensor	
  networks,	
  
remote	
  sensing,	
  observa7ons,	
  and	
  more	
  -­‐	
  	
  this	
  
calls	
  for	
  increased	
  a:en7on	
  to	
  data	
  management	
  
and	
  stewardship	
  	
  
 

Data	
  deluge	
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Source: John Gantz, IDC Corporation: The Expanding Digital Universe 

The	
  world	
  of	
  data	
  around	
  us	
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•  Natural	
  disaster	
  	
  
•  Facili7es	
  infrastructure	
  failure	
  	
  
•  Storage	
  failure	
  	
  
•  Server	
  hardware/soBware	
  

failure	
  
•  Applica7on	
  soBware	
  failure	
  
•  External	
  dependencies	
  (e.g.	
  PKI	
  

failure)	
  
•  Format	
  obsolescence	
  
•  Legal	
  encumbrance	
  	
  
•  Human	
  error	
  
•  Malicious	
  a:ack	
  by	
  human	
  or	
  

automated	
  agents	
  
•  Loss	
  of	
  staffing	
  competencies	
  
•  Loss	
  of	
  ins7tu7onal	
  commitment	
  	
  
•  Loss	
  of	
  financial	
  stability	
  	
  
•  Changes	
  in	
  user	
  expecta7ons	
  

and	
  requirements	
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Data	
  loss	
  



A	
  wildlife	
  biologist	
  for	
  a	
  small	
  field	
  office	
  was	
  the	
  in-­‐house	
  
GIS	
  expert	
  and	
  provided	
  support	
  for	
  all	
  the	
  staff’s	
  GIS	
  
needs.	
  	
  However,	
  the	
  data	
  was	
  stored	
  on	
  her	
  own	
  
worksta7on.	
  	
  When	
  the	
  biologist	
  relocated	
  to	
  another	
  
office,	
  no	
  one	
  understood	
  how	
  the	
  data	
  was	
  stored	
  or	
  
managed.	
  
	
  

Solu%on:	
  A	
  state	
  office	
  GIS	
  specialist	
  retrieved	
  the	
  
worksta7on	
  and	
  siBed	
  through	
  files	
  trying	
  to	
  salvage	
  
relevant	
  data.	
  	
  

Cost:	
  1	
  work	
  month	
  ($4,000)	
  plus	
  the	
  value	
  of	
  	
  
	
  	
  	
  	
  data	
  that	
  was	
  not	
  recovered	
  

Example:	
  Poor	
  data	
  management	
  



“MEDICARE	
  PAYMENT	
  ERRORS	
  NEAR	
  $20B”	
  (CNN)	
  December	
  2004	
  
	
  Miscoding	
  and	
  Billing	
  Errors	
  from	
  Doctors	
  and	
  Hospitals	
  totaled	
  $20,000,000,000	
  in	
  
FY2003	
  	
  	
  	
  (9.3%	
  error	
  rate)	
  .	
  The	
  error	
  rate	
  measured	
  claims	
  that	
  were	
  paid	
  despite	
  
being	
  	
  	
  medically	
  unnecessary,	
  inadequately	
  documented	
  or	
  improperly	
  coded.	
  In	
  
some	
  instances,	
  Medicare	
  asked	
  health	
  care	
  providers	
  for	
  medical	
  records	
  to	
  back	
  up	
  
their	
  	
  claims	
  and	
  got	
  no	
  response.	
  	
  The	
  survey	
  did	
  not	
  document	
  instances	
  of	
  alleged	
  
fraud.	
  This	
  error	
  rate	
  actually	
  was	
  an	
  improvement	
  over	
  the	
  previous	
  fiscal	
  year	
  (9.8%	
  
error	
  rate).	
  

“AUDIT:	
  	
  JUSTICE	
  STATS	
  ON	
  ANTI-­‐TERROR	
  CASES	
  FLAWED”	
  (AP)	
  February	
  2007	
  
The	
  JusRce	
  Department	
  Inspector	
  General	
  found	
  only	
  two	
  sets	
  of	
  data	
  out	
  of	
  26	
  
concerning	
  terrorism	
  aUacks	
  were	
  accurate.	
  	
  The	
  JusRce	
  Department	
  uses	
  these	
  
staRsRcs	
  to	
  argue	
  for	
  their	
  budget.	
  	
  The	
  Inspector	
  General	
  said	
  the	
  data	
  “appear	
  to	
  be	
  
the	
  result	
  of	
  decentralized	
  and	
  haphazard	
  methods	
  of	
  collecRons	
  …	
  and	
  do	
  not	
  
appear	
  to	
  be	
  intenRonal.”	
  	
  

“OOPS!	
  TECH	
  ERROR	
  WIPES	
  OUT	
  Alaska	
  Info”	
  (AP)	
  March	
  2007	
  	
  
A	
  technician	
  managed	
  to	
  delete	
  the	
  data	
  and	
  backup	
  for	
  the	
  $38	
  billion	
  Alaska	
  oil	
  
revenue	
  fund	
  –	
  money	
  received	
  by	
  residents	
  of	
  the	
  State.	
  	
  CorrecRng	
  the	
  errors	
  cost	
  
the	
  State	
  an	
  addiRonal	
  $220,700	
  (which	
  of	
  course	
  was	
  taken	
  off	
  the	
  receipts	
  to	
  Alaska	
  
residents.)	
  

Slide courtesy of BLM 

Poor	
  data	
  management	
  	
  
impacts	
  everyone	
  



The	
  climate	
  scien7sts	
  at	
  the	
  centre	
  of	
  a	
  media	
  storm	
  
over	
  leaked	
  emails	
  were	
  yesterday	
  cleared	
  of	
  
accusa7ons	
  that	
  they	
  fudged	
  their	
  results	
  and	
  silenced	
  
cri7cs,	
  but	
  a	
  review	
  found	
  they	
  had	
  failed	
  to	
  be	
  open	
  
enough	
  about	
  their	
  work.	
  

Importance	
  of	
  data	
  management	
  



•  Stay	
  organized	
  
-­‐  be	
  able	
  to	
  find	
  your	
  files	
  (data	
  inputs,	
  analy7c	
  scripts,	
  
outputs	
  at	
  various	
  stages	
  of	
  the	
  analy7c	
  process,	
  etc)	
  	
  

-­‐  iden7fy	
  easily	
  versions	
  that	
  can	
  be	
  periodically	
  purged	
  
-­‐  Track	
  your	
  science	
  processes	
  for	
  reproducibility	
  	
  
-­‐  Quality	
  control	
  your	
  data	
  more	
  efficiently	
  

•  Preven7on	
  of	
  loss	
  
•  Sharing	
  data	
  allows	
  you	
  to	
  gain	
  credibility	
  and	
  
recogni7on	
  for	
  your	
  science	
  efforts	
  

	
  

Why	
  manage	
  data:	
  Value	
  to	
  self	
  



Good	
  data	
  management	
  ...	
  
	
  

•  Ensures	
  sustainability	
  and	
  accessibility	
  in	
  long	
  term	
  for	
  
re-­‐use	
  in	
  science	
  

•  Increases	
  the	
  impact	
  and	
  visibility	
  of	
  research	
  	
  
•  Promotes	
  innova7on	
  and	
  poten7al	
  new	
  data	
  uses	
  
•  Leads	
  to	
  new	
  collabora7ons	
  between	
  data	
  users	
  and	
  
creators	
  

•  Maximizes	
  transparency	
  and	
  accountability	
  
•  Enables	
  scru7ny	
  of	
  research	
  findings	
  
•  Encourages	
  improvement	
  and	
  valida7on	
  of	
  research	
  
methods	
  

•  Reduces	
  cost	
  of	
  duplica7ng	
  data	
  collec7on	
  
•  Provides	
  important	
  resources	
  for	
  educa7on	
  and	
  training	
  

Why	
  data	
  management:	
  	
  
Advancement	
  of	
  science	
  



Benefits	
  of	
  good	
  data	
  management	
  



Spa7o-­‐Temporal	
  Exploratory	
  
Models	
  predict	
  the	
  
probability	
  of	
  occurrence	
  of	
  
bird	
  species	
  across	
  the	
  United	
  
States	
  at	
  a	
  3	
  km	
  x	
  3	
  km	
  grid.	
  

11	
  

Re-­‐use,	
  integra7on	
  and	
  new	
  science	
  

Bird	
  observa7ons	
  and	
  
environmental	
  data	
  from	
  >	
  
350,000	
  loca7ons	
  in	
  US	
  
integrated	
  and	
  analyzed	
  using	
  
High	
  Performance	
  Compu7ng	
  
Resources	
  

Land	
  Cover	
  

Poten7al	
  Uses-­‐	
  
•  Examine	
  pa:erns	
  of	
  migra7on	
  	
  
•  Infer	
  impacts	
  of	
  climate	
  change	
  
•  Measure	
  pa:erns	
  of	
  habitat	
  use	
  
•  Measure	
  popula7on	
  trends	
  

Model	
  results	
  
eBird	
  

Meteorology	
  

MODIS	
  –	
  
Remote	
  
sensing	
  data	
  

Occurrence	
  of	
  Indigo	
  Bun%ng	
  (2008)	
  

Jan	
   Sep	
   Dec	
  Jun	
  Apr	
  



Where	
  majority	
  of	
  data	
  ends	
  up	
  



Alterna7ve	
  



	
  

The	
  data	
  life	
  cycle	
  

Plan	
  

Collect	
  

Assure	
  

Describe	
  

Preserve	
  

Discover	
  

Integrate	
  

Analyze	
  



•  If	
  data	
  are:	
  
o Well-­‐organized	
  
o Documented	
  
o Preserved	
  
o Accessible	
  
o Verified	
  as	
  to	
  Accuracy	
  and	
  validity	
  

•  Result	
  is:	
  	
  
o High	
  quality	
  data	
  
o Easy	
  to	
  share	
  and	
  re-­‐use	
  in	
  science	
  
o Cita7on	
  and	
  credibility	
  to	
  the	
  researcher	
  
o Cost-­‐savings	
  to	
  science	
  

Data	
  management	
  summary	
  



	
  
Data	
  	
  

Sharing	
  



document	
  the	
  data	
  content,	
  character	
  and	
  process	
  

store	
  the	
  data	
  in	
  a	
  loca7on	
  from	
  which	
  it	
  can	
  be	
  
accessed	
  Deposit	
  

select	
  storage	
  formats	
  and	
  media	
  with	
  long	
  term	
  use	
  
in	
  mind	
  Preserve	
  

publish	
  informa7on	
  about	
  the	
  data	
  so	
  that	
  others	
  
can	
  find	
  it	
  Discover	
  

Data	
  sharing	
  and	
  the	
  data	
  life	
  cycle	
  

Describe	
  

Several	
  stages	
  require	
  cri7cal	
  a:en7on	
  to	
  ensure	
  
effec7ve	
  data	
  sharing	
  

	
  



Value	
  of	
  data	
  sharing	
  

Public	
  
Ø A	
  be:er	
  informed	
  public	
  yields	
  be:er	
  decision	
  making	
  

Sponsor	
  
Ø Data	
  sharing	
  enhances	
  the	
  value	
  of	
  research	
  investments	
  

Community	
  
Ø Build	
  upon	
  the	
  work	
  of	
  others	
  and	
  further	
  science	
  

Individual	
  
Ø Receive	
  recogni7on	
  for	
  their	
  work	
  
Ø Greater	
  opportuni7es	
  for	
  collabora7on	
  

	
  



•  Create	
  robust	
  metadata	
  that	
  is	
  discoverable	
  
•  Include	
  archival	
  and	
  reference	
  informa7on	
  
•  Have	
  data	
  contributors	
  review	
  your	
  metadata	
  to	
  
ensure	
  validity	
  and	
  organiza7onal	
  ‘correctness’?	
  

•  Publish	
  your	
  metadata	
  via:	
  
Ø Data	
  Portals	
  /	
  Clearinghouses	
  
Ø  Federal	
  
Ø Other	
  Online	
  Resources	
  

	
  

How	
  to	
  make	
  data	
  sharable	
  



•  Data	
  sharing	
  adds	
  value	
  to	
  the	
  data	
  
•  It	
  is	
  the	
  responsibility	
  of	
  the	
  researcher	
  to	
  share	
  their	
  
data	
  

•  Metadata	
  supports	
  data	
  accountability,	
  liability,	
  and	
  
usability	
  

•  Sponsors	
  expect,	
  some	
  require,	
  data	
  to	
  be	
  shared	
  
•  Data	
  sharing	
  is	
  essen7al	
  to	
  the	
  advancement	
  of	
  
science	
  

	
  

Data	
  sharing	
  summary	
  



	
  
Data	
  	
  
Preserva7on	
  



•  Limit	
  or	
  negate	
  loss	
  of	
  data	
  
•  Save	
  7me,	
  money,	
  produc7vity	
  
•  Help	
  prepare	
  for	
  disasters	
  
•  Reproduce	
  results	
  of	
  past	
  	
  
	
  	
  	
  	
  procedures	
  
•  Respond	
  to	
  data	
  requests	
  
•  Limit	
  liability	
  
	
  

Why	
  Preserve	
  Your	
  Data	
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•  How	
  oBen	
  should	
  you	
  do	
  backups?	
  
•  What	
  kind	
  of	
  backups	
  should	
  you	
  perform?	
  
•  What	
  about	
  non-­‐digital	
  files	
  (such	
  as	
  papers)?	
  
•  Where	
  will	
  you	
  store	
  your	
  files?	
  

Ø Personal	
  external	
  disk	
  
Ø Centralized	
  computer	
  storage	
  	
  
Ø Data	
  repository	
  
Ø Cloud	
  storage	
  

•  What	
  metadata	
  is	
  needed	
  when	
  using	
  these	
  
systems?	
  

Considera7ons	
  



•  Data	
  Conversions	
  and	
  Formats	
  
•  Versioning	
  
•  File	
  Naming	
  
•  Create	
  a	
  comprehensive	
  backup	
  

	
  

Other	
  Considera7ons	
  



•  Are	
  there	
  replicas	
  of	
  the	
  data?	
  
•  How	
  long	
  do	
  you/they	
  keep	
  the	
  data?	
  	
  	
  
•  What	
  happens	
  to	
  the	
  data	
  aBer	
  the	
  project	
  is	
  no	
  
longer	
  funded,	
  project	
  ends,	
  or	
  staff	
  departs?	
  

Repository	
  Considera7ons	
  


