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Monitoring	
  with	
  in	
  situ	
  environmental	
  sensors	
  
and	
  other	
  forms	
  of	
  field-­‐based	
  observa5on	
  
presents	
  challenges	
  for	
  data	
  management,	
  
par5cularly	
  for	
  large-­‐scale	
  networks	
  consis5ng	
  
of	
  mul5ple	
  sites,	
  sensors,	
  and	
  personnel.	
  The	
  
availability	
  and	
  u5lity	
  of	
  these	
  data	
  in	
  
addressing	
  scien5fic	
  ques5ons	
  relies	
  on	
  
effec5ve	
  cyberinfrastructure	
  that	
  facilitates	
  
transforma5on	
  of	
  raw	
  sensor	
  data	
  into	
  
func5onal	
  data	
  products.	
  It	
  also	
  depends	
  on	
  
the	
  ability	
  of	
  researchers	
  to	
  share	
  and	
  access	
  
the	
  data	
  in	
  useable	
  formats.	
  In	
  addi5on	
  to	
  
addressing	
  the	
  challenges	
  presented	
  by	
  the	
  
quan5ty	
  of	
  data,	
  monitoring	
  networks	
  need	
  
prac5ces	
  to	
  ensure	
  high	
  data	
  quality,	
  including	
  
procedures	
  and	
  tools	
  for	
  post	
  processing.	
  	
  

Data	
  Management	
  Work:low	
  

1.   Field	
  Data	
  to	
  Database	
  Transfer	
  
•  Sensor	
  data	
  are	
  acquired	
  using	
  telemetry	
  and	
  regularly	
  imported	
  	
  

to	
  a	
  Campbell	
  Scien5fic,	
  Inc.	
  LoggerNet	
  Server.	
  
•  The	
  Streaming	
  Data	
  Loader	
  applica5on	
  is	
  used	
  to	
  map	
  and	
  

automa5cally	
  transfer	
  data	
  from	
  text	
  files	
  to	
  opera5onal	
  databases.	
  
•  An	
  instance	
  of	
  the	
  ODM	
  rela5onal	
  database	
  is	
  deployed	
  on	
  a	
  SQL	
  

Server	
  to	
  store	
  data	
  for	
  each	
  watershed	
  in	
  the	
  network.	
  
•  ODM	
  is	
  a	
  component	
  of	
  the	
  CUAHSI	
  HIS	
  that	
  facilitates	
  clear	
  

metadata,	
  traceable	
  data	
  heritage,	
  interoperability,	
  	
  
and	
  seman5c	
  and	
  syntac5c	
  consistency.	
  

ODM	
  

2.	
  Data	
  Quality	
  Assurance/Quality	
  Control	
  
•  A	
  QA/QC	
  Plan	
  is	
  being	
  followed	
  by	
  all	
  personnel	
  for	
  consistency	
  in	
  

prac5ces	
  to	
  ensure	
  high	
  quality	
  data.	
  
•  Automated	
  alerts	
  run	
  on	
  the	
  SQL	
  Server	
  that	
  regularly	
  check	
  

incoming	
  data.	
  If	
  pre-­‐defined	
  criteria	
  are	
  met,	
  technicians	
  are	
  
no5fied	
  and	
  can	
  address	
  issues.	
  

•  We’ve	
  developed	
  ODM	
  Tools	
  Python,	
  a	
  desktop	
  applica5on	
  for	
  
visualizing,	
  managing,	
  and	
  post-­‐processing	
  sensor	
  data.	
  

•  ODM	
  Tools	
  Python	
  features	
  a	
  Python	
  code	
  console	
  and	
  	
  
Python	
  script	
  editor	
  that	
  record	
  all	
  data	
  edits.	
  	
  

•  Edits	
  can	
  be	
  reviewed	
  and	
  are	
  reproducible.	
  

3.	
  Web-­‐Based	
  Data	
  Publica@on	
  
•  Data	
  are	
  published	
  via	
  CUAHSI	
  HIS	
  WaterOneFlow	
  web	
  services.	
  
•  Data	
  are	
  published	
  via	
  a	
  file-­‐based	
  repository	
  system	
  for	
  each	
  

site	
  on	
  an	
  annual	
  basis.	
  
•  Data	
  are	
  discoverable	
  and	
  accessible	
  via	
  an	
  online	
  visualiza5on	
  

tool.	
  	
  
•  The	
  web-­‐based	
  applica5on	
  includes	
  faceted	
  searching,	
  a	
  map-­‐

based	
  display,	
  5me	
  series	
  selec5on	
  and	
  export,	
  and	
  various	
  plot	
  
type	
  visualiza5ons.	
  

4.	
  Physical	
  Infrastructure	
  Tracking	
  
•  We	
  developed	
  a	
  data	
  model	
  to	
  relate	
  equipment,	
  field	
  

ac5vi5es,	
  deployments,	
  calibra5ons,	
  measured	
  variables,	
  
and	
  datalogger	
  programs.	
  

•  The	
  database	
  serves	
  as	
  the	
  underlying	
  structure	
  for	
  a	
  web	
  
interface,	
  which	
  permits	
  recording	
  and	
  accessing	
  this	
  
informa5on.	
  

•  A	
  direct	
  linkage	
  to	
  the	
  data	
  being	
  collected	
  will	
  facilitate	
  
data	
  quality	
  control	
  and	
  eventual	
  interpreta5on.	
  

	
  

Application	
  
This	
  workflow	
  and	
  associated	
  tools	
  
have	
  been	
  implemented	
  for	
  the	
  
iUTAH	
  (innova5ve	
  Urban	
  Transi5ons	
  
and	
  Aridregion	
  Hydro-­‐sustainability)	
  
network	
  of	
  aqua5c	
  and	
  terrestrial	
  
sensors.	
  The	
  variety	
  of	
  environmen-­‐
tal	
  sensors	
  and	
  the	
  mul5-­‐watershed,	
  
mul5-­‐ins5tu5onal	
  nature	
  of	
  the	
  
network	
  necessitate	
  a	
  well-­‐planned	
  
and	
  efficient	
  workflow	
  for	
  acquiring,	
  
managing,	
  and	
  sharing	
  sensor	
  data,	
  
which	
  should	
  be	
  useful	
  for	
  similar	
  
large-­‐scale	
  and	
  long-­‐term	
  networks.	
  
See	
  hep://data.iutahepscor.org.	
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Work:low	
  Features	
  

•  Automates	
  much	
  of	
  the	
  data	
  flow,	
  reducing	
  5me	
  from	
  collec5on	
  to	
  analysis.	
  
•  Makes	
  data	
  available	
  in	
  near	
  real	
  @me	
  on	
  the	
  Internet	
  for	
  a	
  broad	
  set	
  of	
  users.	
  	
  
•  Incorporates	
  metadata	
  standards	
  and	
  open-­‐source	
  tools,	
  enhancing	
  data	
  sustainability	
  and	
  reusability.	
  
•  Implements	
  standard	
  procedures	
  and	
  tools	
  for	
  versioning	
  and	
  QA/QC.	
  
•  Links	
  observa5ons	
  to	
  informa@on	
  on	
  equipment,	
  deployments,	
  calibra5ons,	
  and	
  other	
  maintenance	
  events.	
  
•  Archives	
  data	
  with	
  redundant	
  backups.	
  

Background	
  

We	
  have	
  developed	
  a	
  workflow	
  for	
  research	
  groups	
  conduc5ng	
  
long	
  term	
  monitoring	
  using	
  in	
  situ	
  sensors,	
  which:	
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Open	
  Source	
  Code	
  Repositories	
  on	
  GitHUB:	
  


