
Data	
  Management	
  and	
  Sharing	
  
within	
  a	
  Large-­‐Scale,	
  

Heterogeneous	
  Sensor	
  Network	
  
using	
  the	
  CUAHSI	
  Hydrologic	
  

InformaAon	
  System	
  
Jeffery	
  S.	
  Horsburgh	
  

Amber	
  Jones	
  and	
  the	
  	
  
iUTAH	
  Cyberinfrastructure	
  Team	
  



What	
  is	
  CUAHSI?	
  
•  Consor?um	
  of	
  Universi?es	
  for	
  the	
  
Advancement	
  of	
  Hydrologic	
  Science,	
  Inc.	
  

•  Founded	
  in	
  2001,	
  supported	
  by	
  the	
  Na?onal	
  
Science	
  Founda?on	
  

•  Research	
  organiza?on	
  represen?ng	
  more	
  than	
  
130	
  U.S.	
  universi?es	
  

•  Develop	
  infrastructure	
  and	
  service	
  for	
  
advancement	
  of	
  water	
  science	
  in	
  the	
  U.S.	
  



What	
  is	
  the	
  CUAHSI	
  HIS?	
  
hNp://his.cuahsi.org	
  

•  An	
  Internet-­‐based	
  system	
  for	
  sharing	
  
hydrologic	
  data	
  

•  Developed	
  between	
  2007	
  and	
  2013	
  with	
  
support	
  from	
  the	
  Na?onal	
  Science	
  Founda?on	
  

•  Focused	
  on	
  ?me	
  series	
  from	
  fixed	
  monitoring	
  
sites	
  

•  SoUware	
  stack	
  and	
  func?onality	
  now	
  
supported	
  opera?onally	
  by	
  the	
  CUAHSI	
  Water	
  
Data	
  Center	
  -­‐	
  hNps://www.cuahsi.org/wdc	
  	
  



CUAHSI	
  HIS	
  Service	
  Oriented	
  Architecture	
  	
  	
  
Enabling	
  Water	
  Science	
  Data	
  Discovery	
  



iUTAH:	
  innova?ve	
  Urban	
  Transi?ons	
  	
  
and	
  Aridregion	
  Hydro-­‐sustainability	
  

•  Statewide	
  effort	
  
•  $20	
  million	
  compe??ve	
  
award	
  from	
  NSF	
  EPSCoR	
  

•  Research	
  capacity	
  
building	
  

•  Interdisciplinary	
  and	
  
mul?-­‐ins?tu?on	
  

•  Focused	
  on	
  sustainable	
  
management	
  of	
  Utah’s	
  
water	
  resources	
  	
  

Support:	
  	
  	
  
EPS	
  1208732	
  



iUTAH	
  Research	
  Focus	
  Areas	
  
1.  Eco-­‐hydrology	
  

Expand	
  Utah’s	
  capacity	
  in	
  the	
  natural	
  sciences	
  
through	
  instrumenta?on	
  of	
  3	
  watersheds.	
  

2.  Social	
  and	
  Engineered	
  Water	
  Systems	
  
Studying	
  demographic	
  characteris?cs,	
  water	
  use	
  
behaviors,	
  water	
  infrastructure,	
  and	
  other	
  	
  
measures	
  of	
  urban	
  form.	
  

	
  
3.  Interdisciplinary	
  Modeling	
  and	
  Visualiza?on	
  

Development	
  of	
  interdisciplinary	
  models	
  of	
  socio-­‐
eco-­‐hydrological	
  systems	
  to	
  determine	
  how	
  changes	
  
in	
  water	
  availability	
  and	
  use	
  alter	
  water	
  quan?ty	
  
and	
  quality.	
  



Gradients	
  Along	
  Mountain	
  To	
  Urban	
  
Transi?ons	
  (GAMUT)	
  Network	
  

•  Ecohydrologic	
  observatory	
  
deployed	
  in	
  3	
  watersheds	
  in	
  
northern	
  Utah,	
  USA:	
  Logan	
  
River,	
  Red	
  BuNe	
  Creek,	
  
Provo	
  River	
  

•  Watersheds	
  with	
  similar	
  
water	
  source	
  (high	
  eleva?on	
  
snow)	
  but	
  different	
  land	
  use	
  
transi?ons	
  

•  Measures	
  aspects	
  of	
  	
  
water	
  inputs	
  and	
  outputs	
  
and	
  water	
  quality	
  over	
  
mountain-­‐to-­‐urban	
  gradient	
  

•  Mix	
  of	
  aqua?c	
  and	
  
terrestrial	
  in	
  situ	
  and	
  re-­‐
locatable	
  sensors	
  

	
  



Gradients	
  Along	
  Mountain	
  to	
  Urban	
  
Transi?ons	
  (GAMUT)	
  Network	
  

Climate/Terrestrial	
  Sites	
  
Aqua?c	
  Sites	
  



One	
  day	
  =	
  96	
  observa?ons	
  One	
  week	
  =	
  672	
  observa?ons	
  One	
  month	
  =	
  2880	
  observa?ons	
  One	
  year	
  =	
  35,040	
  observa?ons	
  
So	
  far	
  (~1.5	
  years)	
  =	
  55,000+	
  observa?ons	
  
	
  

The	
  Data	
  Deluge	
  

Times	
  14	
  Aqua?c	
  Sites	
  with	
  ~26	
  Variables	
  

Plus	
  different	
  versions	
  of	
  the	
  data	
  (raw	
  versus	
  checked)	
  	
  =	
  43,400,000+	
  observa?ons	
  	
  

You	
  need	
  some	
  infrastructure	
  to	
  manage	
  and	
  share	
  the	
  data.	
  	
  

Times	
  14	
  Climate	
  Sites	
  with	
  ~74	
  Variables	
  



Challenges	
  to	
  Managing	
  Sensor	
  Data	
  

•  Volume	
  of	
  data	
  
•  Data	
  heterogeneity	
  
•  Mul?ple	
  watersheds	
  
•  Mul?ple	
  ins?tu?ons	
  
•  Mul?ple	
  personnel	
  
•  Scale	
  
•  Data	
  quality	
  assurance	
  

and	
  quality	
  control	
  
•  Standardize	
  data	
  

edi?ng	
  
•  Synchronize	
  ?ming,	
  

data	
  access,	
  equipment	
  
tracking	
  

Rain,  Snow,  and  
  Climate


Water  quan5ty


Soil  water  and  
chemistry  


Groundwater

Water  quality  


Sapflux


Mobile  PlaAorms




Challenges	
  to	
  Managing	
  Sensor	
  Data	
  



Cyberinfrastructure	
  

Horsburgh,	
  J.	
  S.,	
  A.	
  Spackman	
  Jones,	
  D.	
  G.	
  Tarboton,	
  D.	
  K.	
  Stevens,	
  and	
  N.	
  O.	
  Mesner	
  (2010),	
  A	
  sensor	
  network	
  for	
  high	
  frequency	
  es?ma?on	
  of	
  water	
  
quality	
  cons?tuent	
  fluxes	
  using	
  surrogates,	
  Environmental	
  Modelling	
  &	
  So4ware,	
  25,	
  1031-­‐1044,	
  doi:10.1016/j.envsoU.2009.10.012.	
  



GAMUT	
  Data	
  Workflow	
  



Sensor	
  Data	
  Acquisi?on	
  



Data	
  Loading	
  and	
  Storage	
  



Data	
  Loading	
  and	
  Storage	
  
ODM	
  Streaming	
  Data	
  Loader	
  

ODM	
  



Observa?ons	
  Data	
  Model	
  (ODM)	
  

Soil	
  moisture	
  
data	
  

Streamflow	
  

Flux	
  tower	
  	
  
data	
  

Groundwater	
  
levels	
  

Water	
  Quality	
  

Precipita?on	
  
&	
  Climate	
  

•  A relational database at the single observation level"
•  Metadata for unambiguous interpretation"
•  Traceable heritage from raw measurements to usable 

information"
•  Promote syntactic and semantic consistency "
•  Cross dimension retrieval and analysis"

Horsburgh,	
  J.	
  S.,	
  D.	
  G.	
  Tarboton,	
  D.	
  R.	
  Maidment,	
  and	
  I.	
  Zaslavsky	
  (2008),	
  A	
  rela?onal	
  model	
  for	
  environmental	
  and	
  water	
  resources	
  data,	
  
Water	
  Resources	
  Research,	
  44,	
  W05406,	
  doi:10.1029/2007WR006392. 



Web-­‐Based	
  Data	
  Access	
  



Web-­‐based	
  Data	
  Access	
  



Enhanced	
  Web-­‐Based	
  Time	
  Series	
  
Data	
  Access	
  and	
  Visualiza?on	
  



Sensor	
  Data	
  QAQC	
  



Development	
  of	
  a	
  QAQC	
  Plan	
  
Quality	
  Assurance:	
  	
  
“…protocols  developed  and  adhered  to  in  a  way  
that  minimizes  inaccuracies  in  the  data  
produced  …  produces  high-­‐quality  data  while  
minimizing  the  need  for  correc5ve  measures  to  
improve  data  quality.”


•  Site	
  Standardiza?on	
  

•  Data	
  Cura?on	
  (Datalogger	
  Programs	
  	
  
and	
  Files,	
  Data	
  Averaging,	
  Database	
  
Structure,	
  Equipment	
  Management)	
  

•  Replicate	
  Sensors	
  

•  Factory	
  Maintenance	
  

•  Field	
  Maintenance	
  Schedule	
  and	
  
Procedures	
  

•  Field	
  Calibra?on	
  Schedule	
  	
  
and	
  Procedures	
  

•  Manual	
  Data	
  Monitoring	
  

•  Automated	
  Data	
  Monitoring	
  and	
  Alerts	
  

•  Recording	
  Events	
  
Campbell,	
  J.	
  L.,	
  Rustad,	
  L.	
  E.,	
  Porter,	
  J.	
  H.,	
  Taylor,	
  J.	
  R.,	
  Ethan,	
  W.,	
  Shanley,	
  J.	
  B.,	
  …	
  (2013).	
  Quan?ty	
  is	
  Nothing	
  without	
  Quality.	
  BioScience,	
  63(7),	
  574–585.	
  doi:10.1525/bio.2013.63.7.10	
  

Quality	
  Control:	
  	
  
“occurs   aKer    the   data   are   generated   and   tests   
whether    they   meet    the   necessary    requi rements   
for   qua l i ty   out l ined   by    the   end  users .” 	
  

¡  Data 	
  Qual ifiers 	
  and	
  F lagg ing 	
  

¡  ODM	
  Tools 	
  Python	
   (data 	
  management 	
  
soUware) 	
  

¡  Qual i ty 	
  Contro l 	
   Leve ls 	
  

¡  Data 	
  Process ing 	
  Steps 	
  



QAQC:	
  Automated	
  Alerts	
  
(Enhancements	
  to	
  ODM)	
  

Technicians	
  receive	
  email	
  alerts	
  daily	
  
1.  Power:    baNery  voltage  <  12  volts

2.  Persistence:  value  of  a  variable  is  unchanging


3.  Updates:  data  are  not  being  reported


4.  NaNs:  sensor  is  repor5ng  “NaN”  values


Addi?onal	
  alerts	
  will	
  be	
  implemented	
  as	
  needed	
  
(e.g.,	
  variable-­‐specific	
  range	
  checks,	
  internal	
  
consistency,	
  spa?al	
  consistency).	
  

Streaming	
  Data	
  
Loader	
  

Observa?ons	
  
Database	
  

Alert	
  Generator	
  
Alert!!	
  

Must…
fix…

sensor…	
  



Series	
  Selec?on	
  
Filters	
   Time	
  Series	
  

Selec?on	
  

Dynamic	
  
Zooming	
  

and	
  Panning	
  

Mul?ple	
  
Plot	
  Types	
  

Date	
  Range	
  
Restric?ons	
  

Plot	
  Display	
  
Op?ons	
  

QAQC:	
  Data	
  Visualiza?on	
  and	
  
Management	
  



QAQC:	
  Data	
  Visualiza?on	
  and	
  
Management	
  



Commit	
  Edits	
  to	
  
the	
  Database	
  

Common	
  
Edi?ng	
  Tools	
  

Filters	
  on	
  
Data	
  Points	
  

Tabular	
  Data	
  
Selec?on	
  

Dynamic	
  Data	
  
Edi?ng	
  Display	
  

Python	
  Code	
  
Console	
  

QAQC:	
  Post	
  Processing	
  

Python	
  
Script	
  Editor	
  



Step	
  1:	
  Select	
  a	
  Time	
  Series	
  for	
  Edi?ng	
  

Edit	
  Series	
  

Select	
  Series	
  

DriU	
  and	
  
calibra?on	
  shiU	
  



Step	
  2:	
  Select	
  Data	
  to	
  Edit	
  



Step	
  3:	
  Linear	
  DriU	
  Correc?on	
  



Step	
  4:	
  Interpolate	
  



Step	
  5:	
  Flag	
  



Step	
  6:	
  Save	
  Modified	
  Data	
  Series	
  



Recording	
  Edits	
  

Automa?cally	
  
generated	
  Python	
  

code	
  with	
  each	
  edi?ng	
  
step	
  



Monitoring	
  Equipment	
  Management	
  
Which	
  sensors	
  were	
  
deployed	
  at	
  this	
  site?	
  
Who	
  installed	
  them?	
  

Which	
  soil	
  moisture	
  sensor	
  
is	
  buried	
  at	
  40	
  cm?	
  

Has	
  this	
  turbidity	
  
sensor	
  been	
  serviced	
  

at	
  the	
  factory?	
  

Who	
  programmed	
  
this	
  datalogger?	
  

How	
  long	
  has	
  that	
  
baNery	
  been	
  
deployed?	
  

What	
  is	
  this	
  
dissolved	
  oxygen	
  
sensor’s	
  calibra?on	
  

history?	
  

When	
  was	
  the	
  last	
  
?me	
  we	
  cleaned	
  this	
  

sonde?	
  

What	
  were	
  the	
  field	
  
condi?ons	
  of	
  our	
  discharge	
  

measurement?	
  



Data	
  Model	
  developed	
  to	
  relate:	
  	
  
•  Equipment

•  Field  Ac5vi5es

•  Deployments


Monitoring	
  Equipment	
  Management	
  

Details  on  
datalogger  

programs  and  
output  files  


Informa5on  on  
maintenance  and  
factory  service


A:ributes  of  
sensors  and  other  

equipment


A:ributes  of  variables  
measured  by  a  sensor
Details  on  calibra5ons,  

standards,  and  materials


Informa5on  
on  sensor  

deployments


Database	
  serves	
  as	
  underlying	
  
structure	
  to	
  web	
  interface.	
  

•  Calibra5ons

• Measured  Variables

•  Datalogger  Programs


Relate  the  
equipment  

informa5on  to  
Observa5ons




Monitoring	
  Equipment	
  Management	
  

•  Record	
  site	
  informa?on,	
  site	
  visits,	
  and	
  field	
  ac?vity	
  details	
  
•  Store	
  informa?on	
  on	
  physical	
  equipment	
  
•  Track	
  equipment	
  deployments,	
  calibra?ons,	
  service	
  events	
  



Publishing	
  Data	
  with	
  the	
  CUAHSI	
  
Water	
  Data	
  Center	
  

ODM	
  
Database	
  

1.  Load	
  your	
  data	
  
into	
  an	
  ODM	
  
database	
  

2.  Deploy	
  a	
  WaterOneFlow	
  
web	
  service	
  for	
  each	
  ODM	
  
database	
  on	
  a	
  web	
  server	
  

3.  Register	
  the	
  web	
  service	
  
with	
  the	
  CUAHSI	
  Water	
  
Data	
  Center	
  

The	
  iUTAH	
  
workflow	
  focuses	
  

on	
  this	
  step	
  



New	
  CUAHSI	
  HIS	
  Data	
  Search	
  Web	
  Client	
  
hNp://data.cuahsi.org/	
  (Official	
  release	
  on	
  June	
  22,	
  2015)	
  

•  Select	
  a	
  loca?on	
  
•  Select	
  a	
  ?me	
  

period	
  
•  Select	
  keywords	
  
•  Select	
  data	
  

services	
  
•  Search	
  map	
  
•  Select	
  a	
  site	
  and	
  

download	
  ?me	
  
series	
  as	
  CSV	
  



CUAHSI	
  HIS	
  Resources	
  

•  CUAHSI	
  Water	
  Data	
  Center:	
  	
  
hNps://www.cuahsi.org/wdc	
  

•  CUAHSI	
  HIS	
  HydroServer	
  Codeplex	
  Website:	
  
hNp://hydroserver.codeplex.com/	
  	
  

•  Contact:	
  Jon	
  Pollak	
  
– User	
  Support	
  Specialist	
  
–  jpollak@cuahsi.org	
  	
  



New	
  Development	
  in	
  Open	
  Source	
  
Code	
  Repositories	
  

•  WEBTSA	
  –	
  Time	
  series	
  data	
  visualiza?on	
  
–  hNps://github.com/UCHIC/WEBTSA	
  	
  

•  ODM	
  Streaming	
  Data	
  Loader	
  
–  hNps://github.com/ODM2/ODM2StreamingDataLoader	
  	
  	
  

•  ODM	
  Tools	
  Python	
  –	
  Sensor	
  Data	
  Management	
  
–  hNps://github.com/UCHIC/ODMToolsPython	
  

•  ODM2	
  Sensor	
  –	
  Sensor	
  equipment	
  management	
  
–  hNps://github.com/UCHIC/ODM2Sensor	
  

•  iUTAH	
  UAliAes	
  –	
  Automated	
  alerts,	
  etc.	
  
–  hNps://github.com/UCHIC/iUtahU?li?es	
  

•  iUTAH	
  Data	
  –	
  Data	
  Website	
  
–  hNps://github.com/UCHIC/iUTAHData	
  






More	
  Resources	
  

Horsburgh,	
  J.	
  S.,	
  D.	
  G.	
  Tarboton,	
  D.	
  R.	
  Maidment,	
  and	
  I.	
  Zaslavsky	
  (2008),	
  A	
  rela?onal	
  model	
  for	
  environmental	
  and	
  water	
  
resources	
  data,	
  Water	
  Resources	
  Research,	
  44,	
  W05406,	
  doi:10.1029/2007WR006392.	
  	
  

	
  
Horsburgh,	
  J.	
  S.,	
  S.	
  L.	
  Reeder,	
  A.	
  Spackman	
  Jones,	
  J.	
  Meline	
  (2015).	
  Open	
  source	
  soUware	
  for	
  visualiza?on	
  and	
  quality	
  control	
  

of	
  con?nuous	
  hydrologic	
  and	
  water	
  quality	
  sensor	
  data,	
  Environmental	
  Modelling	
  &	
  So4ware,	
  70,	
  32-­‐44,	
  doi:10.1016/
j.envsoU.2015.04.002.	
  	
  

	
  
Jones,	
  A.S.,	
  J.S.	
  Horsburgh,	
  S.L.	
  Reeder,	
  M.	
  Ramirez,	
  J.	
  Caraballo	
  (2015).	
  A	
  data	
  management	
  and	
  publica?on	
  workflow	
  for	
  a	
  

large-­‐scale,	
  heterogeneous	
  sensor	
  network,	
  Environmental	
  Monitoring	
  and	
  Assessment,	
  187:348,	
  doi:10.1007/
s10661-­‐015-­‐4594-­‐3.	
  



Jeff  Horsburgh  
jeff.horsburgh@usu.edu


  

hSp://data.iutahepscor.org	
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