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Purpose 

• Background on CUAHSI and the CUAHSI Water 
Data Center 

• Overview of Hydrologic Information System 

• Case Studies of Data Publication 

• Near Future Plans for the Data Center 



What is CUAHSI? 

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

• Nonprofit primarily funded by the U.S. 
National Science Foundation to promote and 
advance hydrology science and education 

• Founded in 2001 

• Over 100 members 
– Primarily US universities, international affiliates, 

and private companies 

 



National Science Foundation 

• US Federal Agency that 
promotes scientific research 

– Provides resources for 
academic community through 
competitive grants 

• Provides majority of funding 
for CUAHSI 

 



What is the CUAHSI Water Data 
Center? 

• Facility funded by the National Science 
Foundation 

• Technology and data catalog developed 
through a multiyear, multi-university research 
project 



CUAHSI WDC Activities 

• Data catalog: creation, maintenance, services 
and curation 

• User and developer support. 

– Assistance with publishing new data sources 
and/or software 

• Strategic partnerships with academia and 
industry   

• Outreach and education 

 



Who am I?  

• User Support Specialist for the Hydrologic 
Information System at the CUAHSI Water Data 
Center 

– Help researchers find data 

– Help researchers publish data 

– Aid in product development by working with 

• Software engineers 

• Users Committee 



Hydrologic Information System 
Research Project 

• Led by Professor David Maidment (University 
of Texas at Austin) with… 

– Utah State University 

– San Diego Supercomputer Center 

– Idaho State University 

– City College of New York  

– University of South Carolina 

– CUAHSI 



• A system for sharing time series water data 

– Observations at a single location over time 

Hydrologic Information System 
Research Project 



Some findings from the CUAHSI HIS 
Reseach Project 

• Use Service-Oriented-Architecture (SOA) to provide 
data to discovery clients.  

• Define standards for data publication (WaterML). 
• Write data discovery clients that utilize the standards.  
• Adapt existing data sources to conform to standards 

by writing translators between existing and standard 
data formats. 

• Define an ontology of data concepts to enable cross-
domain use and data discovery, including synonyms 
and concept relationships. 

• Include terms and synonyms that describe data in a 
variety of scientific contexts. 
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Service Oriented Architecture 



Web Services 

• Software which is a method of communication 
between two computers over the internet 

• WaterOneFlow Web Service is a suite of web 
services employed the HIS 

• Data are returned in a type of Extensible 
Markup Language (XML) developed during the 
HIS Project called WaterML.  



• Set of query functions • Returns data in WaterML 

WaterML and WaterOneFlow 
WaterML is an XML language for communicating water data 
WaterOneFlow is a set of web services based on WaterML 

GetSites 

WaterOneFlow 
Web Service 

GetValues 

GetSiteInfo 

GetVariableInfo 



HydroServer 

• Core components are: 

– Database (most commonly Microsoft SQL) 

– WaterOneFlow Web Service 

• Additional software includes: 

– Data Management software 

– Website application 

– Map server application 



Ongoing Data Collection 

Data presentation, visualization,  
and analysis through Internet 

enabled applications 

Internet Applications Point Observations Data 

Historical Data Files 

GIS Data 

ODM 

Database 

GetSites 
GetSiteInfo 
GetVariableInfo 
GetValues 

WaterOneFlow 
Web Service 

WaterML 

HydroServer – Data Publication 

OGC Spatial 
Data Service 
from ArcGIS 

Server 

http://www.campbellsci.com/03001-wind-sentry


The Observations Data Model 

• Information model which the system is based 
upon 

• Purpose is to enable data storage that 
optimizes data retrieval for integrated 
analysis of information collected by multiple 
investigators 

• For detailed information: 
– Horsburgh, J. S., D. G. Tarboton, D. R. Maidment 

and I. Zaslavsky, (2008), A Relational Model for 
Environmental and Water Resources Data, Water 
Resources Research, 44 (5). 



Observations Data Model 

Most common form is Microsoft SQL Database, but MySQL 
also used 



HydroCatalog 

• Catalog that enables search and discovery 

• Stores metadata about each data source 

• Users register web service with the catalog, 
catalog uses a program similar to a web 
crawler to harvest metadata 

– Publisher also manually enters metadata about 
the data source 



HydroCatalog 

• Ontology  

– Users “tag” variable (i.e. temperature) to terms in 
the ontology, which enables keyword search  



HydroCatalog 

Public webpage for each data source 



Data Access and Discovery 

• Open API’s for both HydroServer and 
HydroCatalog 

– Possible to create independent data access client 

• Most commonly used tools are: 

– HydroExcel 

– HydroDesktop 



HydroExcel 

• Uses Microsoft Excel to retrieve data from 
HydroServers 



HydroExcel 



• Open source Geographic Information System (GIS) 
– Extensible  Developers can create “plugins” that 

enhance functionality 

• Searches HydroCatalog for data; downloads data from 
HydroServers 





Year 1 of Becoming the CUAHSI Water 
Data Center 

From “prototype” to 
“product”.  



Case Studies of Data Publication 

• Federal Agencies: USGS National Water 
Information System & NASA data products 

• Shale Network 

• Ipswich River Watershed Association 

• Little Bear River Experimental Watershed 



United States Geological Survey 
(USGS) 

• U.S. Federal Agency that monitors ecosystems 
and environmental health 

• National Water Information System is a 
monitoring system with about 1.5 million sites 
across the United States 



NWIS Data in the CUAHSI HIS Catalog 

• Data are transformed by CUAHSI HIS team 

– Scripts written in XSLT transform metadata to 
comply with Observations Data Model 

• Largest volume of data in CUAHSI Water Data 
Catalog 

– Trusted source of water data 

– Access to this source important for community 
adoption of data system 



National Aeronautics and Space 
Administration (NASA) 

• NASA operates US civilian Space programs 

• NASA Goddard Earth Sciences (GES) Data and 
Information Services Center publishes a 
number of data products created from models 
and information obtained by satellites 



NASA Data Products 

• Gridded data, provided in a format more 
easily accessible to hydrologists 

• High community demand 

– Global coverage 

– Soil moisture, precipitation, temperature, wind 
speed, and more 

• Data are transformed by government with 
support from CUAHSI HIS team 

 



Shale Network 

• Research project funded by National Science 
Foundation 

• Investigating possible impacts of exploitation 
of Shale gas on water resources 

• Led by Professor Susan Brantley, Pennsylvania 
State University with… 
– Pittsburgh University 

– Dickinson College 

– CUAHSI 



Shale Network 

• Aggregating data from multiple sources 
including 

– Academic research projects 

– Local governments 

– Citizen scientists 

– Want to include data from industry 

• CUAHSI supports project through user support 
and data hosting  



Shale Network 

Above Image Source: Buffalo Business 
First 

Locations of observations in the Shale 
Network database as seen in 

HydroDesktop 



Ipswich River Watershed Association 
• Citizen science group that monitors local river 

– Dissolved oxygen, temperature 



Little Bear River Experimental 
Watershed 

• Monitoring of local watershed by researchers 
at Utah State University 

• Studying short-term variability in discharge, 
water quality, and pollutant loading within the 
Little Bear River, which drains a mixed 
agricultural, range, and forested watershed in 
northern Utah, USA 



Little Bear River Experimental 
Watershed 



Near Future Goals 

1. New data discovery client 

2. Easing data publication process 

3. Federated Catalogs 

 



Faceted Search 

• New method for data discovery 

• Web-based application that will utilize cloud 
capabilities for faster search returns 

• Web-based application that filters search 
results based upon metadata fields 



Faceted Search Client 



Challenges in Data Publication Process 

• Need Improved Semantics 

– Integrate other disciplines via linked data (SKOS) 

• Need to Re-Engineer Data Uploader 

– Improved usability  Develop feedback 
mechanism for data that does not comply with 
ODM specifications 



Federated Catalogs 

• Create a “catalog of catalogs” 

• International interest in deploying CUAHSI HIS 
software 

• Global Earth Observation System of Systems: 
Infrastructure on the global scale for 
comprehensive, near-real-time environmental 
data 



Long-term Questions for the CUAHSI 
WDC 

• How to create persistent identifiers for data 
sources that change in real time? 

• What kinds of non-time-series data to make 
available within the data center? 

• What kinds of data fusion services best enable 
research?  



Questions? 

Jon Pollak 
jpollak@cuahsi.org 


