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Agenda  and  Goals	
•  Background and introduction on CUAHSI 
•  The CUAHSI Water Data Center 

o  The Hydrologic Information System 

•  Challenges 

I  hope  you  will  come  away  with  a  feeling  that  there  are  
existing  tools  that  can  help  this  region  develop  

cyberinfrastructure  for  sharing  data	
	



CUAHSI	

•  Consortium of Universities for the Advancement 
of Hydrologic Science, Inc. 

•  Established in 2001 
•  Over 100 members 
•  Funding primarily by the U.S. National Science 

Foundation 
•  Largest program is a Water Data Center (WDC) 

that focuses on sharing and archiving of 
academic research data 



Mission  of  CUAHSI  WDC	
•  Provide data services for the academic community 

o  Data Management/Archive 
o  Data Access 

•  To define how to achieve this mission, CUAHSI uses a 
community governance structure that directs staff: 
o  Board of Directors 
o  Standing Committee on Informatics 
o  WDC Users Committee 



Governance  of  CUAHSI	

•  A Board of Directors oversee all activity of the consortium 
•  Two committees provide guidance for the Water Data 

Center 



Why  Share  Data?	
•  Data re-use  
•  Data validation and verification 
•  In the U.S., Data Management Plans are a 

requirement for those receiving grant money from 
the National Science Foundation 
o  Most data must eventually become public 



Who  is  using  our  services  
and  software?	

•  U.S. National Science Foundation-funded research  
o  Shale Network à Research Coordination Network evaluating impacts of 

hydraulic fracturing on water resources 

o  Critical Zone Observatories 
o  Global Lakes Ecological Observatory Network (GLEON)  

•  U.S. Local government and watershed associations 
•  Italian Environmental Protection Agency (ISPRA) 



The  Hydrologic  
Information  System  (HIS)	

HydroCatalog:  
search  engine	

HydroServer:  	
data  server	

HydroDesktop:  
data  explorer	

Search  Results	

Water  Data	

Metadata	
Harvesting	

Google:  search  
engine	

Amazon.com:  	
Web  server	

Internet  
Explorer:  web  

browser	

Search  Results	

Water  Data	

Metadata	
Harvesting	

“Services-‐‑Oriented  Architecture”…A  web  service  is  software  that  transmits  data  
over  the  internet	



Time  Series  Data	

A  unique  time  series  is  defined  by:	
•  Variable:  What  is  being  measured	
•  Site:  Location  where  measurement  is  made	
•  Method:  How  the  measurement  is  made	
•  Source:  Who  made  the  measurement	
•  Quality  Control:  Has  the  data  been  reviewed  for  errors  and/or  modified?	



Standards	
•  Information Model 
•  Semantics 
•  WaterML 



Our  Information  Model:    
The  Observations  Data  Model  (ODM)	

Above:  Generalization  of  ODM1	



ODM  Schema	

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



Controlled  Vocabularies	



Ontology  of  Variables	

Terms  that  are  used  in  keyword  search.  What  is  being  measured?	



WaterML	
•  XML for transmitting time series water data 
•  Becoming a global standard 

o  Adopted by Open Geospatial Consortium (OGC) 
o  Under consideration by the World Meteorological Organization (WMO) 

Above:  Screenshot  of  WaterML1	

This  is  the  standard  that  
makes  the  HIS  interoperable  
with  other  systems!	



Cloud  Data  Storage	
•  The CUAHSI Water Data Center is a “virtual data 

center” 
•  We own very little infrastructure relative to the 

amount of data in our catalog 
•  Employing cloud technology 

o  Scalability and reliability 
o  Cost is calculated based on usage 
o  We have chosen to use the Microsoft Azure Cloud 



Data  Access	

www.hydrodesktop.org	



Data  Publication  and  
Archive	

•  HydroServer: Our software for publishing water data 
o  Includes: Database, web service, data management tools 

•  We have deployed this software to the Azure Cloud 



The  WDC  Provides…	
•  Adherence to Standards  
•  Cloud Storage 
•  We are funded to deal with issues of long term 

data persistence 

Data  
Creation	

Format  Data  
to  Comply  
with  ODM	

Load  Data  
into  

Database	

Deploy  Web  
Service  and  
Register  
with  

Metadata  
Catalog	

Above:  Workflow  for  publishing  and  archiving  data  with  the  WDC.	



HIS  Central	

•  Metadata 
database and 
software that 
facilitates search 
and discovery 

•  Public webpage 
for each data 
source 

•  Deployed in the 
Azure Cloud 



A  Distributed  Ecosystem	

Data  Access  
Client  (e.g.  

HydroDesktop)	
HIS  Central  
Catalog	

WDC  Azure  Holdings	

Federal  Agency  
such  as  NASA  

or  USGS	

ODM  Databases	

Data  Sources	

API	
Metadata	
Harvesting	

Request:  WaterOneFlow  Web  Services	

Return:  WaterML	



Open  Data  Access  &  Open  
Source  Development	

•  All data published with the WDC is openly 
available 

•  All software developed is posted online 
o  www.github.com/cuahsi 
o  www.hydrodesktop.org 



Challenges	



Data  and  Metadata  
Standardization	

•  Training researchers to follow best practices 
o  Providing tools to ease this burden 

•  Developing and maintaining approaches to cross-
domain data discovery such as controlled 
vocabularies 



Continuous  Data  versus  Discrete  Data	
Discrete	

Continuous	

Larger  set  of  
metadata  

describing…	

…a  single  or  
small  set  of  
results	

Small  amount  of  
metadata  

describing…	

…many  measurements	

Slide  Credit:  Dwayne  Young,  U.S.  EPA	

Discrete  Monitoring	
• A  sample  is  taken  and  sent  to  a  lab  for  further  
analysis	
• Typically  a  one-‐‑time  event  that  can  be  repeated  as  
needed	
	

Continuous  Monitoring	
• A  sensor  is  used  to  record  a  continuous  stream  of  
data  about  1  particular  analyte  or  a  small  set  of  
analytes  (i.e.  flow,  dissolved  oxygen,  pH,  etc).	
• Values  are  reported  at  set  intervals  (i.e.  every  15  
minutes,  1  hour,  etc.)	
	



Data  Storage  and  
Retrieval	

•  What does one need to consider? 
o  High reliability: the data source can’t stop working.  
o  High persistence: when you put something there, it should 

stay there.  
o  High availability: the data source must handle multiple 

simultaneous uses.  
o  Quick recovery: in the unlikely event of a failure, data must 

becom available again quickly.  



Water  Data  Presents  
Unique  Challenges	

•  4000+ identifiable kinds of information (and 
growing).  

•  Interdisciplinarity and data reusability: data is used 
by several distinct disciplines.  

•  Dynamic data: much data is real-time.  
•  Data use for different purposes:  

o  Scientific inquiry 
o  Decision support 
o  Education and outreach 



Some  Conclusions	
•  There are many existing challenges for sharing 

water data 
o  Cultural 
o  Technological 

•  There are existing (free!) tools and standards that 
could provide a starting point for sharing data 
within the Lower Mekong Region 



Thank  you!	

•  CUAHSI Website: www.cuahsi.org 
•  My email: jpollak@cuahsi.org 
•  CUAHSI WDC Github: www.github.com/cuahsi  


