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  2	
  
Enhance	
  Access	
  to	
  Data-­‐	
  and	
  ComputaGonally-­‐Intensive	
  Modeling	
  



A	
  Digital	
  Divide	
  
HPC	
  Specialists	
  Researchers	
  

•  Experimentalists	
  
•  Modelers	
  

awk	
  grep	
  

vi	
  

#PBS	
  -­‐l	
  nodes=4:ppn=8	
  
mpiexec	
  

chmod	
  #!/bin/bash	
  



Challenges	
  

•  Provide	
  scienGsts	
  and	
  water	
  managers	
  access	
  
to	
  HPC	
  resources	
  without	
  requiring	
  they	
  
become	
  HPC	
  experts	
  

•  Reduce	
  the	
  Gme	
  and	
  effort	
  to	
  organize	
  data	
  
for	
  modeling	
  and	
  analysis	
  

•  Enable	
  data	
  intensive	
  HPC	
  for	
  mere	
  mortals	
  



Approaches	
  

•  A	
  science	
  gateway	
  CyberCollaboratory	
  (based	
  
on	
  HUBzero	
  and	
  iRODS)	
  

•  Extend	
  CUAHSI	
  HIS	
  to	
  addiGonal	
  data	
  types	
  	
  
•  CollaboraGve	
  “social	
  networking”	
  content	
  
management	
  funcGonality	
  (with	
  HydroShare)	
  

•  Easy	
  to	
  use	
  HPC	
  tools	
  



HydroServer	
  –	
  Data	
  PublicaGon	
  

Lake	
  Powell	
  Inflow	
  and	
  
Storage	
  

HydroDesktop	
  –	
  Data	
  Access	
  and	
  Analysis	
   HydroDesktop	
  –	
  Combining	
  mulGple	
  data	
  sources	
  

HydroCatalog	
  
Data	
  Discovery	
  

CUAHSI	
  Hydrologic	
  InformaGon	
  
System	
  The CUAHSI Hydrologic Information System (HIS) is an internet based system to support the 

sharing of hydrologic data. It is comprised of hydrologic databases and servers connected 
through web services as well as software for data publication, discovery and access.  



Data	
  Discovery	
  and	
  
IntegraGon	
  

Data	
  PublicaGon	
   Data	
  	
  Analysis	
  and	
  
Synthesis	
  

HydroCatalog 

HydroDesktop HydroServer 

ODM Geo Data 

CUAHSI	
  HIS	
  
Services-­‐Oriented	
  Architecture	
  

Data	
  Services	
  

WaterML,	
  
Other	
  OGC	
  
Standards	
  

InformaGon	
  Model	
  and	
  Community	
  Support	
  Infrastructure	
  



CUAHSI	
  HIS	
  Key	
  Aspects	
  	
  
•  Storage	
  in	
  a	
  community	
  data	
  model	
  
•  PublicaGon	
  from	
  a	
  server	
  
•  Data	
  access	
  through	
  internet-­‐based	
  services	
  
using	
  consistent	
  language	
  and	
  format	
  

•  Tools	
  for	
  access	
  and	
  analysis	
  
•  Discovery	
  through	
  themaGc	
  and	
  geographic	
  
search	
  funcGonality	
  

•  Integrated	
  modeling	
  and	
  analysis	
  combining	
  
informaGon	
  from	
  mulGple	
  sources	
  



Open	
  Development	
  Model	
  

•  hDp://his.cuahsi.org	
  	
  

•  hDp://hydrodesktop.codeplex.com	
  	
  	
  
•  hDp://hydroserver.codeplex.com	
  	
  
•  hDp://hydrocatalog.codeplex.com	
  	
  



Extend	
  HIS	
  Data	
  Formats	
  
•  Point	
  ObservaGons	
  (Time	
  Series	
  in	
  ODM/WaterML)	
  
•  Feature	
  data	
  set	
  (Shapefile	
  of	
  points,	
  lines	
  or	
  
polygons	
  and	
  aDribute	
  tables)	
  

•  Raster	
  data	
  set	
  (GeoTIFF	
  file)	
  
•  MulGdimensional	
  space/Gme	
  data	
  set	
  (NetCDF	
  file)	
  

•  Generalize	
  catalog	
  to	
  include	
  these	
  formats	
  
•  Adopt	
  or	
  develop	
  appropriate	
  web	
  services	
  or	
  
data	
  delivery	
  mechanisms	
  



HydroShare	
  
	
  	
  

An	
  online,	
  collaboraGve	
  environment	
  for	
  the	
  sharing	
  
of	
  hydrologic	
  data	
  and	
  models	
  

•  sustainable	
  
•  expand	
  data	
  sharing	
  

capability	
  of	
  CUAHSI	
  HIS	
  
•  AddiGonal	
  data	
  classes	
  
•  Models,	
  scripts,	
  tools	
  

and	
  workflows	
  
•  CollaboraGon/social	
  

networking	
  
•  5	
  Years	
  2012-­‐2017	
  

USU	
  
BYU	
  
SDSC	
  

RENCI/UNC	
  
Tuks	
  	
  
CUAHSI	
  

Texas	
  
Purdue	
  
USC	
  OCI-­‐1148453	
  



Terms	
  of	
  Use	
  |	
  Statement	
  of	
  Privacy|	
  Copyright	
  ©	
  2012	
  CUAHSI	
  
This	
  material	
  is	
  based	
  upon	
  work	
  supported	
  by	
  the	
  NaGonal	
  Science	
  FoundaGon	
  (NSF)	
  under	
  Grant	
  No.	
  XXXXXXXX.	
  

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

Sign	
  In	
  	
  |	
  	
  Seongs	
  	
  |	
  	
  NoGficaGons	
  	
  |	
  	
  Help	
  	
  	
  

Dashboard	
  
Recent	
  AcGvity	
  

My	
  Content	
  
View	
  Your	
  Resources	
  

Explore	
  
Discover	
  Resources	
  

Collaborate	
  
Share	
  with	
  colleagues	
  

Support	
  
Help/Feedback	
  

Geong	
  Started	
  

What’s	
  New	
  

Provide	
  feedback	
  

HydroShare	
  Blog	
  

Developers	
  

Partners	
  

HydroShare	
  Gallery	
   How	
  HydroShare	
  Works	
   Geong	
  Started	
  

CUAHSI	
  

CUAHSI	
  HIS	
  

CUAHSI	
  Water	
  Data	
  Center	
  

Share	
  and	
  Collaborate	
  
HydroShare	
  is	
  an	
  online	
  
collaboraGon	
  environment	
  for	
  
sharing	
  data,	
  models,	
  and	
  code.	
  	
  
Join	
  the	
  community	
  to	
  start	
  sharing.	
  



Type	
   Title	
   Date	
   Abstract	
  
LiDle	
  Bear	
  River	
  ODM	
  Database	
   6/6/2012	
   Utah	
  State	
  University	
  is	
  conducGng	
  conGnuous	
  monitoring	
  within	
  the	
  LiDle	
  Bear	
  

River	
  watershed	
  of	
  northern	
  Utah,	
  USA	
  to	
  invesGgate	
  the	
  use	
  of	
  surrogate	
  ...	
  

LiDle	
  Bear	
  River	
  Sites	
  	
   6/6/2012	
   Shapefile	
  of	
  	
  monitoirng	
  sites	
  in	
  the	
  LiDle	
  Bear	
  River	
  watershed.	
  

Watershed	
  DelineaGon	
  Workflow	
  	
   6/6/2012	
   TauDEM	
  workflow	
  to	
  delineate	
  watershed	
  from	
  DEM.	
  	
  Stream	
  threshold	
  is	
  
determined	
  automaGcally	
  to	
  obtain	
  objecGve	
  drainage	
  density	
  esGmate.	
  

LiDle	
  Bear	
  River	
  SWAT	
  Model	
   6/6/2012	
   This	
  is	
  a	
  Soil	
  and	
  Water	
  Assessment	
  Tool	
  model	
  package	
  that	
  is	
  ready	
  to	
  
execute.	
  	
  All	
  inputs	
  and	
  outputs	
  are	
  included	
  in	
  the	
  model	
  package.	
  

LiDle	
  Bear	
  River	
  DEM	
   6/6/2012	
   2	
  m	
  resoluGon	
  Digital	
  Eleva6Gon	
  Model	
  derived	
  from	
  LIDAR.	
  

Stream	
  Metabolism	
  R	
  Script	
   6/6/2012	
   This	
  R	
  script	
  contains	
  a	
  set	
  of	
  funcGons	
  that	
  implement	
  a	
  one-­‐staGon	
  stream	
  
metabolism	
  model	
  

Terms	
  of	
  Use	
  |	
  Statement	
  of	
  Privacy|	
  Copyright	
  ©	
  2012	
  CUAHSI	
  
This	
  material	
  is	
  based	
  upon	
  work	
  supported	
  by	
  the	
  NaGonal	
  Science	
  FoundaGon	
  (NSF)	
  under	
  Grant	
  No.	
  XXXXXXXX.	
  

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

Dashboard	
  
Recent	
  AcGvity	
  

My	
  Content	
  
View	
  Your	
  Resources	
  

Explore	
  
Discover	
  Resources	
  

Collaborate	
  
Share	
  with	
  colleagues	
  

Support	
  
Help/Feedback	
  

My	
  Resources	
  	
  |	
  	
  All	
  your	
  resources	
  in	
  one	
  place	
  

Search	
  Keyword:	
   Advanced	
  

+	
  	
  Upload	
  	
   Share	
  X	
  	
  	
  Delete	
  

Results	
  1	
  –	
  10	
  of	
  100	
  	
  	
  	
  	
  <<	
  1	
  2	
  3	
  4	
  5	
  6	
  7	
  8	
  9	
  10	
  >>	
  

LiDle	
  Bear	
  River	
  

Export	
  

You	
  are	
  signed	
  in	
  as	
  Jeff	
  Horsburgh	
  |	
  	
  Seongs	
  	
  |	
  	
  NoGficaGons	
  	
  |	
  	
  Help	
  	
  	
  



HUBzero	
  Gateway	
  

Data	
  &	
  Model	
  	
  Resources	
  
•  Discovery	
  &	
  access	
  	
  
•  Development	
  
•  ExecuGon	
  on	
  local	
  VM	
  
•  ExecuGon	
  on	
  remote	
  HPC	
  
•  Publishing	
  
•  CollaboraGon	
  
Web	
  Portal	
  
•  Social	
  networking	
  
•  Community	
  collaboraGon	
  
•  Resource	
  raGng	
  
•  Documents	
  &	
  videos	
  
•  Learning	
  modules	
  

http://hubzero.org 

Architecture	
  of	
  HUBzero	
  plaxorm	
  used	
  to	
  
create	
  dynamic	
  web	
  sites	
  for	
  scienGfic	
  research	
  
and	
  educaGonal	
  acGviGes	
  from	
  McLennan	
  and	
  
Kennell,	
  (2010),	
  
hDp://dx.doi.org/10.1109/MCSE.2010.41	
  



	
  	
  	
  	
  	
  	
  integrated	
  Rule-­‐Oriented	
  Data	
  System	
  

•  Micro-­‐Services	
  
–  Ability	
  to	
  look	
  inside	
  and	
  program	
  acGons	
  on	
  uploaded	
  files	
  
–  Rules	
  can	
  tell	
  iRODS	
  to	
  automaGcally	
  register	
  data	
  into	
  Metadata	
  

Catalog	
  and	
  write	
  to	
  Data	
  Server	
  
–  Access	
  control	
  model	
  
–  Create	
  resources	
  for	
  visualizing	
  and	
  manipulaGng	
  data	
  
–  Convert	
  the	
  format	
  of	
  data	
  objects	
  
–  AutomaGcally	
  assign	
  unique	
  and	
  persistent	
  idenGfiers	
  	
  
–  AutomaGcally	
  parse	
  metadata	
  for	
  semanGc	
  content	
  and	
  to	
  tag	
  with	
  

addiGonal	
  semanGc	
  content	
  

http://www.irods.org/  

Database	
   RPC	
  API	
  Microservices	
   Resources	
  Auth	
   Messaging	
  CORE	
  
Objects	
  



Modeling	
  Use	
  Cases	
  

•  Utah	
  DWR	
  Modflow	
  (BYU)	
  
•  Urban	
  Water	
  Management	
  (UU)	
  
•  Snow	
  and	
  Distributed	
  Hydrologic	
  and	
  Water	
  
Resources	
  Modeling	
  (USU)	
  

•  Discover	
  general	
  aspects	
  of	
  
data	
  requirements	
  	
  

•  Drive	
  general	
  funcGonal	
  
requirements	
  



•  Prototype	
  applicaGon	
  
•  31	
  MODFLOW	
  models	
  

used	
  for	
  impact	
  analysis	
  
•  Challenges	
  

–  Modeling	
  experGse	
  
–  Sokware	
  installaGon	
  
and	
  maintenance	
  

–  User	
  error	
  
–  Cost	
  

•  ObjecGve:	
  Develop	
  a	
  
cloud-­‐based	
  modeling	
  
soluGon	
  

Utah	
  Division	
  of	
  Water	
  Rights	
  
Modflow	
  Example	
  

From	
  Norm	
  Jones	
  



Server-­‐Based	
  SoluGon	
  

Geodatabase	
  

Model	
  Files	
  

GIS	
  Workflow	
  

Server	
  

Web	
  Mapping	
  

UDWR	
  Staff	
  &	
  Decision	
  
Makers	
  

From	
  Norm	
  Jones	
  



Web	
  Interface	
  

hDp://utahdwr.groups.et.byu.net/app3/	
  

From	
  Norm	
  Jones	
  



University	
  of	
  Utah	
  –	
  Urban	
  Water	
  Management	
  

hGp://www.hiddenwaters.org/	
  

City	
  
creek	
  

Red	
  
BuDe	
  

Parley’s	
  
Mill	
  
Creek	
  
Neffs	
  

Big	
  	
  
CoDonwood	
  

LiDle	
  
CoDonwood	
  

Bells	
  

From	
  Steve	
  Burian	
  



Grid	
  Snow	
  Model	
  

•  Model	
  run	
  separately	
  at	
  each	
  
acGve	
  grid	
  cell	
  

•  Melt	
  outputs	
  aggregated	
  for	
  
subwatersheds	
  

•  Structured	
  File	
  based	
  IO	
  for	
  
linking	
  with	
  EPA	
  BASINS	
  

•  ASCII	
  for	
  non	
  spaGal	
  data	
  
•  NetCDF	
  for	
  geospaGal	
  data	
  

	
   x	
  y	
  

t	
  



Evapotranspiration
(ET)

R
ai

nf
al

l-R
un

of
f T

ra
ns

fo
rm

at
io

n

Snow

U
pw

el
lin

g

R
ec

ha
rg

e

Th
ro

ug
h-

fa
ll

Precipitation 
Input

Rain/snow 
separation

Snow

Canopy 
interception store

Vadose zone 
Soil Store

Groundwater 
Saturated Zone

Channel flow

Snowfall or rain 
with snow present

Rain

Su
rfa

ce
 ru

no
ff

Sn
ow

m
el

t

Residual PET not 
satisfied from 
interception

Ba
se

flo
w

Other Weather Inputs 
(Temperature, Wind, 

Humidity)

Water Management

Irrigation

Withdrawals

Non Irrigation 
Users

Non Irrigation 
Return Flows

Sprinkler

Drip

Groundwater 
pumping
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Artificial 
Drainage

Integrated model of 
Hydrologic, Water 
Management and 
Consumption processes 
at each “catchment” 

• Competition for water 
resources among users 

• Human activities can alter 
water balance having 
effects on stream 
ecosystems and water 
quality 

•  Simulation modeling used 
to quantify the likely 
impacts of water 
management choices 



Water	
  Management	
  
Sources	
  
•  Reservoir	
  
•  Groundwater	
  
•  Stream	
  

•  Withdrawal	
  limited	
  by	
  availability	
  and	
  
right	
  priority	
  

Reservoir	
  

Stream	
  

Uses	
  
•  IrrigaGon	
  
o Soil	
  moisture	
  demand	
  
driven	
  

•  Non	
  IrrigaGon	
  
o Per	
  capita	
  driven	
  

•  Diversions	
  

Urban	
   Agriculture	
  

Groundwater	
  



The	
  impact	
  on	
  streamflow	
  of	
  future	
  
development	
  

RaGo	
  of	
  mean	
  streamflow	
  simulated	
  under	
  Full	
  Buildout	
  condiGons	
  to	
  mean	
  
streamflow	
  simulated	
  under	
  exisGng	
  condiGons.	
  



Some	
  Common	
  Data	
  Requirements	
  
•  Digital	
  ElevaGon	
  Model	
  (and	
  derivaGves)	
  

–  Slope,	
  Watersheds,	
  ...	
  
•  Soils	
  (and	
  pedotransfer	
  funcGons)	
  
•  Geology	
  (and	
  hydrogeological	
  parameters)	
  
•  VegetaGon	
  (and	
  parameter	
  mapping	
  tables)	
  
•  Streams	
  
•  Water	
  Management	
  Infrastructure	
  
•  Dynamic	
  input	
  Variables	
  

–  Precip,	
  Humidity,	
  Wind,	
  RadiaGon,	
  Temperature	
  
•  Water	
  Use	
  and	
  Management	
  process	
  
parameters	
  



Some	
  Common	
  FuncGonal	
  
Requirements	
  

•  Metadata	
  catalog	
  for	
  modeling	
  data	
  
•  Automated	
  access	
  to	
  required	
  terrestrial	
  
variables	
  for	
  model	
  setup	
  

•  Watershed	
  delineaGon	
  and	
  connecGvity	
  
•  Model	
  element	
  zonal	
  averaging	
  for	
  discrete	
  
(lookup	
  table)	
  and	
  conGnuous	
  parameters	
  

•  Model	
  element	
  interpolaGon	
  for	
  dynamic	
  input	
  
variables	
  

•  Tools	
  for	
  essenGal	
  funcGonality	
  (calibraGon,	
  
missing	
  data	
  correcGon)	
  



Model	
  ScripGng	
  Tools	
  

From	
  Norm	
  Jones	
  



Web-­‐Mapping	
  API	
  

Library	
  (API)	
  for	
  
building	
  web	
  

interfaces	
  to	
  scripted	
  
modeling	
  workflows	
  
and	
  for	
  visualizing	
  
archived	
  model	
  

soluGons	
  

From	
  Norm	
  Jones	
  



Our	
  work	
  ahead	
  

•  Water	
  management	
  data	
  components	
  
– Data	
  model	
  design,	
  prototyping	
  and	
  implementaGon	
  

•  Urban	
  data	
  components	
  
– Data	
  model	
  design,	
  prototyping	
  and	
  implementaGon	
  

•  Deploy	
  data	
  services	
  for	
  addiGonal	
  data	
  formats	
  
–  [Point	
  observaGons],	
  Feature,	
  Raster,	
  Space	
  Time	
  

•  Develop	
  HUBzero	
  capability	
  and	
  interfaces	
  
•  Develop	
  post	
  processing	
  and	
  visualizaGon	
  tools	
  
•  Develop	
  community	
  collaboraGon	
  capabiliGes	
  



ApplicaGons	
  

•  Snowmelt	
  
•  Drought	
  
•  Water	
  Resources	
  
•  UrbanizaGon	
  
•  Flooding	
  


