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innova7ve	  Urban	  Transi7ons	  and	  
Aridregion	  Hydro-‐sustainability	  (iUTAH)	  

•  Statewide	  effort	  
•  $20	  million	  compe77ve	  
award	  from	  NSF	  EPSCoR	  

•  Research	  capacity	  building	  
•  Interdisciplinary	  and	  mul7-‐
ins7tu7on	  

•  Focused	  on	  sustainable	  
management	  of	  Utah’s	  water	  
resources	  	  

Support:	  	  	  
EPS	  1208732	  

h@p://www.iutahepscor.org	  



iUTAH	  Research	  Focus	  Areas	  
1.  Eco-‐hydrology	  

–  Expand	  Utah’s	  capacity	  in	  the	  natural	  sciences	  
through	  instrumenta7on	  of	  3	  watersheds	  

2.  Social	  and	  Engineered	  Water	  Systems	  
–  Studying	  demographic	  characteris7cs,	  water	  use	  

behaviors,	  water	  infrastructure,	  and	  other	  measures	  
of	  urban	  form	  

3.  Interdisciplinary	  Modeling	  and	  Visualiza7on	  
–  Development	  of	  interdisciplinary	  models	  of	  socio-‐

eco-‐hydrological	  systems	  to	  determine	  how	  changes	  
in	  water	  availability	  and	  use	  alter	  water	  quan7ty	  and	  
quality	  
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Backup	  Data	  
Storage	  

•  CUAHSI	  HIS	  
•  DataONE	  

Na7onal	  Science	  Data	  
Networks	  

Agency	  Data	  iUtah	  Field	  Sites	   Utah	  Field	  Sta7on	  
Network	  

UEN	  and	  K-‐12	  Sites	  

UU	  

USU	  

BYU	   Intermountain	  
Network	  Node	  

iUTAH	  Modeling	  and	  Data	  Federa<on	  

•  Primary	  data	  organiza7on	  and	  storage	  
•  Data	  sharing,	  publica7on,	  and	  archival	  
•  Data	  integra7on	  and	  synthesis	  
•  Integrated	  modeling	  and	  CI	  Support	  
•  HPC	  support	  

Fulton	  
Supercompu7ng	  
Lab	  

•  Redundant	  data	  storage	  
•  HPC	  support	  
•  Modeling	  and	  simula7on	  
•  Collabora7on	  technologies	  

HPC	  
Storage	  
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•  USGS	  NWIS	  
•  NRCS	  SNOTEL	  
•  Utah	  DWQ	  
•  Etc.	  

UU	  Center	  for	  
High	  Performance	  

Compu7ng	  

•  Li@le	  Bear	  River	  
•  Red	  Bu@e	  Creek	  
•  Provo	  River	  

UVU	  



iUTAH	  MDF	  –	  Informa7on	  Flow	  
•  Field	  sites	  and	  
other	  data	  (e.g.,	  
agencies)	  

•  iUTAH	  
Modeling	  and	  
Data	  Federa7on	  

•  Modeling,	  
visualiza7on,	  
and	  analysis	  



iUTAH	  MDF	  Focus	  Areas	  
1.  Data	  management	  support	  for	  data	  from	  iUTAH	  

facili7es	  
–  GAMUT	  –	  Gradients	  Along	  Mountain	  to	  Urban	  Transi7ons	  
–  GIRF	  –	  Green	  Infrastructure	  Research	  Facility	  

2.  Support	  for	  data	  discovery	  and	  access	  
–  iUTAH	  facility	  and	  inves7gator	  data	  
– Agency	  data	  
– Na7onal	  data	  networks	  

3.  Support	  for	  integrated	  modeling	  
4.  Data/model/resource	  sharing	  and	  collabora7on	  



How	  can	  we	  create	  a	  hardware	  plaiorm	  that	  
supports	  the	  diverse	  cyberinfrastructure	  needs	  of	  
iUTAH?	  



iUTAH	  CI	  Development	  Approach	  

•  Where	  possible,	  leverage	  and	  adopt	  exis7ng	  
cyberinfrastructure	  components	  

•  Collaborate	  with	  other	  CI	  development	  
ac7vi7es	  to	  get	  needed	  func7onality	  

•  Develop	  pieces	  that	  we	  need	  



Required	  Func7onality	  
•  Research	  plaiorm	  

–  Development,	  prototyping,	  and	  tes7ng	  of	  servers,	  sokware	  
applica7ons,	  and	  services	  on	  mul7ple	  plaiorms	  (e.g.,	  Windows,	  Linux)	  

–  Host	  machines	  allocated	  for	  modeling,	  analysis,	  and	  computa7onal	  
tasks	  

•  Produc7on	  data	  service	  and	  applica7on	  hos7ng	  
plaiorm	  
–  Web	  servers	  

•  Data	  web	  services	  
•  Web	  applica7ons	  

–  Database	  servers	  
–  Map	  servers	  
–  File	  servers	  
–  Data	  harvesters	  and	  automated	  data	  processing	  applica7ons	  



Hardware	  

Required	  servers	  and	  sokware	  
stacks	  implemented	  on	  virtual	  
machines	  

Many	  virtual	  machines	  can	  be	  
hosted	  on	  a	  single	  virtual	  host	  
server	  

Tiered	  storage	  
Tier	  1	  and	  2:	  	  Databases	  and	  opera7ng	  systems	  
Tier	  3:	  	  Lower	  demand	  file	  storage	  and	  access	  



Hardware	  Capabili7es	  
•  Quickly	  spin	  up	  virtual	  machines	  that	  implement	  different	  

opera7ng	  systems	  and	  plaiorms	  (e.g.,	  Windows,	  Linux)	  

•  Use	  shared	  computa7onal	  and	  storage	  resources	  rather	  
than	  requiring	  a	  physical	  machine	  for	  each	  purpose	  

•  Create	  and	  manage	  both	  development	  and	  produc7on	  
servers	  using	  shared	  hardware	  

•  Hot-‐swap	  virtual	  machines	  across	  physical	  host	  machines	  
using	  virtualiza7on	  sokware	  
–  Ensure	  failover	  for	  produc7on	  virtual	  servers	  
–  Efficiently	  allocate	  resources	  to	  mul7ple	  machines	  



Ini7al	  Specifica7ons	  
•  3	  virtual	  host	  servers	  using	  shared	  storage	  arrays	  

– Dual	  8	  core	  processors	  
–  128	  GB	  RAM	  

•  7.2	  TB	  high	  performance	  shared	  storage	  array	  
–  Virtual	  machine	  opera7ng	  systems	  
–  Rela7onal	  databases	  

•  72	  TB	  high	  capacity	  shared	  storage	  array	  
–  File	  storage	  
– Archival	  

•  Integrated	  with	  USU	  Central	  IT	  VMWare	  
infrastructure	  and	  enterprise	  data	  center	  

Available	  storage	  will	  be	  expanded	  in	  subsequent	  years	  



The	  Larger	  Utah	  EPSCoR	  Cyberinfrastructure	  Picture	  



What	  is	  the	  design	  of	  a	  cyberinfrastructure	  that	  
enables	  standardized	  data	  collec7on	  and	  
management	  for	  a	  network	  of	  aqua7c	  and	  
terrestrial	  monitoring	  sites	  managed	  by	  a	  
consor7um	  of	  disparate	  organiza7ons?	  



•  Sensor	  network	  
developed	  between	  
USU/UofU/BYU	  

•  Mix	  of	  aqua7c	  and	  
terrestrial	  in	  situ	  and	  
re-‐locatable	  sensors	  

•  Measure	  aspects	  of	  
water	  inputs	  and	  
outputs	  and	  water	  
quality	  over	  gradient	  

•  Deployed	  in	  three	  
watersheds	  

	  

Gradients	  Along	  Mountain	  to	  Urban	  
Transi7ons	  (GAMUT)	  Network	  



•  3	  watersheds	  have	  similar	  
water	  source	  (high	  eleva7on	  
snow)	  but	  different	  land	  use	  
transi7ons	  

•  Logan	  River:	  irrigated	  
agriculture	  transi7oning	  to	  
moderate	  density	  urban	  at	  
moderate	  pace	  

•  Red	  Bu@e	  Creek:	  highly	  
urbanized	  

•  Provo	  River:	  irrigated	  
agriculture	  transi7oning	  to	  
low	  density	  urban	  at	  rapid	  
pace	  

	  

Gradients	  Along	  Mountain	  to	  Urban	  
Transi7ons	  (GAMUT)	  Network	  



Gradients	  Along	  Mountain	  to	  Urban	  
Transi7ons	  (GAMUT)	  Network	  



Challenges	  to	  Managing	  Sensor	  Data	  

•  Volume	  of	  data	  
•  Data	  heterogeneity	  
•  Mul7ple	  watersheds	  
•  Mul7ple	  ins7tu7ons	  
•  Scale	  
•  Synchronize	  7ming,	  

data	  access,	  
equipment	  tracking	  

•  Standardize	  data	  
QA/QC	  

Rainfall	  and	  
Meteorology	  

Water	  quan7ty	  
Soil	  water	  	  

Groundwater	  
Water	  quality	  	  

GIS	  



Cyberinfrastructure	  

Horsburgh,	  J.	  S.,	  A.	  Spackman	  Jones,	  D.	  G.	  Tarboton,	  D.	  K.	  Stevens,	  and	  N.	  O.	  Mesner	  (2010),	  A	  sensor	  network	  for	  high	  frequency	  es7ma7on	  of	  water	  
quality	  cons7tuent	  fluxes	  using	  surrogates,	  Environmental	  Modelling	  &	  So4ware,	  25,	  1031-‐1044,	  doi:10.1016/j.envsok.2009.10.012.	  



ODM	  Data	  Loader	  

ODM	  Streaming	  Data	  Loader	  

ODM	  Tools	  

WaterOneFlow	  
and	  WaterML	  Observa7ons	  

Data	  Model	  

ODM	  



Data	  Loading	  and	  Storage	  

ODM	  

iUTAH	  Modeling	  and	  Data	  
Federa7on	  Facility	  

Primary	  Databases	  at	  USU	  

ODM	  

Backup	  Databases	  at	  UofU	  



Data	  Loading	  and	  Storage	  

Horsburgh,	  J.	  S.,	  D.	  G.	  Tarboton,	  D.	  R.	  Maidment,	  and	  I.	  Zaslavsky	  (2008),	  A	  rela7onal	  model	  for	  environmental	  and	  water	  resources	  data,	  Water	  
Resources	  Research,	  44,	  W05406,	  doi:10.1029/2007WR006392. 

•  Observa7ons	  Data	  Model	  
(ODM):	  rela7onal	  
database	  at	  the	  single	  
observa7on	  level	  
	  

•  Metadata	  for	  
unambiguous	  
interpreta7on	  
	  

•  Traceable	  heritage	  from	  
raw	  measurements	  to	  
usable	  informa7on	  
	  

•  Promote	  syntac7c	  and	  
seman7c	  consistency	  	  
	  

•  Cross	  dimension	  retrieval	  
and	  analysis	  



Loading	  Data	  Streams	  

ODM	  



Data	  Visualiza7on	  and	  Management	  

ODM	  

iUTAH	  Modeling	  and	  Data	  
Federa7on	  Facility	  

Remote	  Data	  
Managers	  

ODM	  Tools	  



ODM	  Tools	  Python	  
Data	  Visualiza7on	  and	  Management	  

Mul7ple	  
Plot	  Types	  

Plot	  Display	  
Op7ons	  

Date	  Range	  
Restric7ons	  

Dynamic	  
Zooming	  and	  

Panning	  

Time	  Series	  
Selec7on	  



ODM	  Tools	  Python	  
Mul7ple	  Plot	  Types	  



ODM	  Tools	  Python	  
Time	  Series	  Selec7on	  and	  Filtering	  

Build	  Query	  

Export	  Data	  Series	  

Filters	  on	  Data	  
Series	  



ODM	  Tools	  Python	  
Dockable	  Windows	  



Sensor	  Data	  Quality	  Control	  

Sediment	  in	  
sensor	  cup	  

Sensor	  drik	  and	  
calibra7on	  shik	  

Strange	  
anomalies	  

Dead	  ba@ery	  

///	  
///	  



ODM	  Tools	  Python	  
Sensor	  Data	  Quality	  Control	  

Data	  Edi7ng	  
Tools	  

Python	  Code	  
Console	  

Python	  Script	  
Editor	  

Dynamic	  Data	  
Edi7ng	  Display	  



•  Track	  physical	  
infrastructure:	  
sensors,	  data	  
loggers,	  ba@eries,	  
etc.	  

•  Track	  events:	  
deployments,	  
calibra7ons,	  site	  
visits,	  factory	  
servicings,	  etc.	  

•  Connects	  to	  ODM	  
where	  streaming	  
data	  is	  stored	  

•  Web	  interface	  
	  

Equipment	  Management	  



Equipment	  Details	  	  |	  	  View	  full	  equipment	  details	  

You	  are	  signed	  in	  as	  Jeff	  Horsburgh	  |	  	  Setngs	  

Delete	  Edit	  Descrip<on	  

Copyright	  ©	  2013	  iUTAH	  
This	  material	  is	  based	  upon	  work	  supported	  by	  the	  Na7onal	  Science	  Founda7on	  (NSF)	  under	  Grant	  No.	  XXXXXXXX.	  

Any	  opinions,	  findings,	  conclusions,	  or	  recommenda7ons	  expressed	  in	  this	  material	  are	  those	  of	  the	  authors	  and	  do	  not	  necessarily	  reflect	  the	  views	  of	  the	  NSF.	  

View	  Deployment	  History	   View	  Factory	  Service	  History	   View	  Calibra<on	  History	  

Manufacturer	  
Vendor	  Name:	  	  Forest	  Technology	  Systems	  
Contact	  Name:	  	  Someguy	  Thatworksthere	  
Address:	  	  1123	  Fir	  Avenue,	  Suite	  C.,	  Blaine,	  WA,	  98230Phone:	  
1.800.548.4264	  
Email:	  sales@kshydrology.com	  	  
Web	  Address:	  h@p://www.ksenvironmental.com/	  	  

Vendor	  
Vendor	  Name:	  	  Forest	  Technology	  Systems	  
Contact	  Name:	  	  Someguy	  Thatworksthere	  
Address:	  	  1123	  Fir	  Avenue,	  Suite	  C.,	  Blaine,	  WA,	  98230	  
Phone:	  1.800.548.4264	  
Email:	  sales@kshydrology.com	  	  
Web	  Address:	  h@p://www.ksenvironmental.com/	  	  

Equipment	  Descrip<on	  
	  

Equipment	  ID:	  	  99999999999	  
Serial	  Number:	  	  	  9999999999	  
Model	  Name:	  	  DTS-‐12	  
Descrip<on:	  	  Forest	  Technology	  Systems	  DTS-‐12	  Digital	  Turbidity	  Sensor	  
Purchase	  Date:	  	  1/20/2013	  
Notes:	  	  Measures	  water	  turbidity	  and	  water	  temperature.	  
Link:	  	  h@p://www.ksenvironmental.com/products/sensors/dts12/	  	  
Owner	  Ins<tu<on:	  	  Utah	  State	  University	  
Owner	  Contact:	  	  Michelle	  Baker	  
Owner	  Address:	  	  5305	  Old	  Main	  Hill,	  Logan,	  UT	  84322-‐5305	  
Owner	  Phone:	  	  1.435.797.7131	  
Email:	  	  michelle.baker@usu.edu	  

Site	  Visits	  
Manage	  Visits	  

Equipment	  
Manage	  equipment	  

Reports	  
Generate	  Reports	  

Sites	  
Manage	  Sites	  



Site	  Visit	  Details	  	  |	  	  View	  full	  site	  visit	  details	  

You	  are	  signed	  in	  as	  Jeff	  Horsburgh	  |	  	  Setngs	  

Site	  Visit	  Loca<on	  
	  

Site	  Code:	  	  USU-‐LR-‐UWRL	  
Site	  Name:	  	  Logan	  River	  at	  the	  Utah	  Water	  Research	  Laboratory	  
La<tude:	  	  43	  
Longitude:	  -‐111	  
Eleva<on:	  	  4355	  m	  
	  
Site	  Visit	  Descrip<on	  
	  

Crew:	  	  Jeff	  Horsburgh,	  Amber	  Jones	  
Begin	  Date	  Time:	  	  2/22/2013	  1:00	  PM	  MST	  
End	  Date	  Time:	  	  2/22/2013	  2:00	  PM	  MST	  
Environmental	  Observa<ons:	  	  The	  weather	  was	  sunny.	  	  The	  river	  was	  low.	  	  
Water	  was	  clear.	  
Site	  Visit	  Notes:	  	  None.	  

Delete	  Edit	  Descrip<on	  

Copyright	  ©	  2013	  iUTAH	  
This	  material	  is	  based	  upon	  work	  supported	  by	  the	  Na7onal	  Science	  Founda7on	  (NSF)	  under	  Grant	  No.	  XXXXXXXX.	  

Any	  opinions,	  findings,	  conclusions,	  or	  recommenda7ons	  expressed	  in	  this	  material	  are	  those	  of	  the	  authors	  and	  do	  not	  necessarily	  reflect	  the	  views	  of	  the	  NSF.	  

View	  Full	  Site	  Visit	  History	  for	  this	  Site	  

Site	  Visits	  
Manage	  Visits	  

Equipment	  
Manage	  equipment	  

Reports	  
Generate	  Reports	  

Sites	  
Manage	  Sites	  

Field	  Ac<vi<es	  Performed	  (click	  the	  ac7vity	  type	  to	  view	  details)	  

Ac<vity	  Type	   Begin	  Date/Time	   End	  Date/Time	   Descrip<on	   Notes	  

Calibra7on	   2/22/2013	  1:00	  PM	  MST	   2/22/2013	  1:10	  PM	  MST	   Sensor	  Calibra7on	   None	  

Deployment	   2/22/2013	  1:30	  PM	  MST	   2/22/2013	  2:00	  PM	  MST	   Sensor	  Deployment	   None	  



Monday	   Tuesday	   Wednesday	   Thursday	   Friday	   Saturday	   Sunday	  

Copyright	  ©	  2013	  iUTAH	  
This	  material	  is	  based	  upon	  work	  supported	  by	  the	  Na7onal	  Science	  Founda7on	  (NSF)	  under	  Grant	  No.	  XXXXXXXX.	  

Any	  opinions,	  findings,	  conclusions,	  or	  recommenda7ons	  expressed	  in	  this	  material	  are	  those	  of	  the	  authors	  and	  do	  not	  necessarily	  reflect	  the	  views	  of	  the	  NSF.	  

Site	  Visits	  
Manage	  Visits	  

Equipment	  
Manage	  equipment	  

Calendar|	  	  Click	  on	  ac7vi7es	  to	  view	  details	  

You	  are	  signed	  in	  as	  Jeff	  Horsburgh	  |	  	  Setngs	  

Reports	  
Generate	  Reports	  

February	   2013	  

Logan	  River	  Site1	  

Logan	  River	  Site2	  

Logan	  River	  Site3	  

Red	  Bu@e	  	  
Creek	  Site1	  

Red	  Bu@e	  	  
Creek	  Site2	  

Red	  Bu@e	  	  
Creek	  Site3	  

Display:	   Factory	  Service	  Events	  Site	  Visits	  

Sites	  
Manage	  Sites	  

Provo	  River	  Site1	  

Provo	  River	  Site1	  

✔



ODM2	  



How	  can	  we	  enable	  and	  increase	  collabora7ve	  
research	  and	  sharing	  of	  data	  and	  models	  through	  
the	  innova7ve	  use	  of	  cyberinfrastructure?	  	  



iUTAH	  Modeling	  and	  Data	  Federa7on	  
data.iutahepscor.org	  



Model	  and	  Data	  Inventories	  



Informa7on	  Entropy	  

Example	  of	  the	  normal	  degrada7on	  in	  informa7on	  content	  associated	  with	  data	  and	  
metadata	  over	  7me	  (“informa7on	  entropy”).	  	  
Michener,	  W.K.	  (2006).	  Meta-‐informa7on	  concepts	  for	  ecological	  data	  management,	  Ecological	  Informa7cs,	  1(1),	  3-‐7,	  
h@p://dx.doi.org/10.1016/j.ecoinf.2005.08.004.	  



What	  if	  instead?	  

Paper	  using	  data	  is	  
published	  

Curated	  data	  
published	  in	  a	  data	  
repository	  

Data	  annotated	  by	  
addi7onal	  users	  

Data	  synthesized	  
and	  leads	  to	  
another	  publica7on	  

Time	  In
fo
rm

a7
on

	  C
on

te
nt
	  o
f	  D

at
a	  
an
d	  
M
et
ad
at
a	  



Support	  for	  Sharing	  and	  Collabora7on	  

•  Collabora7on	  
– Datasets	  as	  shared	  “social	  objects”	  
– Forma7on	  of	  collabora7ons	  
– Social	  networking	  features	  

•  Requirements	  
– What	  data	  resources	  are	  available?	  (metadata	  
catalog)	  

– How	  do	  I	  get	  them?	  (search	  interface)	  
– How	  can	  I	  share	  what	  I	  have?	  (data	  repository)	  

	  



Accessing	  Agency	  and	  Na7onal	  Data	  
Networks	  

•  Challenges	  
– Mul7ple	  sources,	  websites,	  systems	  
– Mul7ple	  data	  formats,	  schemas,	  seman7cs	  
– Building	  consistent	  metadata	  to	  support	  data	  
discovery	  

– Priori7zing	  where	  to	  allocate	  our	  resources	  
•  Solu7ons	  

– Partnerships!!!	  



Collabora7ve	  Data	  Sharing	  
cloudshare.iutahepscor.org	  

h@p://owncloud.org/	  



Data	  Publica7on	  in	  Na7onal	  Networks	  

•  Collabora7on	  with:	  
– CUAHSI	  Data	  Center	  
– HydroShare	  
– NSF	  DataONE	  Network	  

•  Focus:	  publishing	  data	  products	  in	  a	  way	  that	  
they	  can	  be	  cited	  and	  easily	  accessed	  



HydroShare:	  	  Collabora7ve	  Sharing	  of	  
Data	  and	  Models	  

•  Collabora7on	  environment	  and	  social	  media	  website	  
–  Social	  objects	  –	  data,	  models,	  digital	  content	  
–  HydroShare	  aims	  to	  change	  the	  way	  we	  do	  science	  
– We	  are	  working	  to	  make	  collabora7on	  easier	  

•  Sharing	  data	  
•  Sharing	  models	  and	  other	  research	  products	  
•  Providing	  new	  communica7on	  and	  social	  media	  capabili7es	  

•  5	  Year,	  $5	  Million	  collabora7on	  among	  USU,	  RENCI,	  
BYU,	  Purdue,	  U.	  Texas,	  San	  Diego	  Supercomputer	  
Center,	  Tuks,	  U.	  of	  North	  Carolina	  Chapel	  Hill,	  U.	  of	  
South	  Carolina	  
Support:	  	  	  
OCI	  1148453	  
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Next	  Steps	  
•  Accessing	  agency	  and	  na7onal	  datasets	  

–  Developing	  tools	  for	  automa7cally	  accessing	  data	  
–  Partnerships	  with	  data	  providers	  

•  Suppor7ng	  data	  discovery	  and	  access	  across	  iUTAH	  and	  external	  
data	  sources	  
–  Media7ng	  across	  sources,	  formats,	  seman7cs	  

•  Enhanced	  tools	  for	  collabora7on	  and	  sharing	  of	  models	  and	  data	  

•  Data	  publica7on	  within	  na7onal	  networks	  
–  publishing	  data	  products	  in	  a	  way	  that	  they	  can	  be	  cited	  and	  easily	  

accessed	  



Ques7ons?	  
Jeff	  Horsburgh	  

jeff.horsburgh@usu.edu	  	  

Support:	  	  EPS	  1208732	  

Support:	  EAR	  0622374	  


