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Chapter 1. INTRODUCTION 

By David Maidment, The University of Texas at Austin 
 

1.1 CUAHSI HYDROLOGIC INFORMATION SYSTEM 

The Consortium of Universities for the Advancement of Hydrologic Science, Inc (CUAHSI) (http://www.cuahsi.org) 
is an organization representing 122 US universities, which is supported by the Earth Sciences Division of the 
National Science Foundation to develop ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŀƴŘ ǎŜǊǾƛŎŜǎ ǘƻ ŀŘǾŀƴŎŜ ƘȅŘǊƻƭƻƎƛŎ ǎŎƛŜƴŎŜ ƛƴ ǘƘŜ ƴŀǘƛƻƴΩǎ 
ǳƴƛǾŜǊǎƛǘƛŜǎΦ hƴŜ ŎƻƳǇƻƴŜƴǘ ƻŦ /¦!I{LΩǎ ŀŎǘƛǾƛǘȅΣ ŀƭǎƻ ŦǳƴŘŜŘ ōȅ ǘƘŜ bŀǘƛƻƴŀƭ {ŎƛŜƴŎŜ CƻǳƴŘŀǘƛƻƴΣ ƛǎ ŀ IȅŘǊƻƭƻƎƛŎ 
Information System (HIS) project, which is developing infrastructure and services to improve access to hydrologic 
data. The overall goals of this project are:  
 Data Access ς providing better access to a large volume of high quality hydrologic data;  
 Hydrologic Observatories ς storing and synthesizing hydrologic data for a region;  
 Hydrologic Science ς supporting science by providing a stronger hydrologic information infrastructure;  
 Hydrologic Education ς bringing more hydrologic data into the classroom.  
 
The purpose of this report is to inform a review in October 2009 of the CUAHSI HIS project by the HIS Standing 
Committee, a group of water and computer scientists drawn from academia, government and industry, who are 
ŎƘŀǊƎŜŘ ōȅ /¦!I{LΩǎ .ƻŀǊŘ ƻŦ 5ƛǊŜŎǘƻǊǎ with assessing the progress of the HIS project.   This report supplements 
and updates a comprehensive overview of the HIS project as it stood in July 2008 (HIS, 2008), which described the 
HIS project as it existed at that time.  Three new water data capabilities developed as part of the HIS project were 
presented in HIS (2008):  
 Data Storage in an Observations Data Model (ODM), which is a standardized relational database structure 
for storing and describing time series of hydrologic observations data measured at point locations;  
 Data Access ǘƘǊƻǳƎƘ ƛƴǘŜǊƴŜǘπōŀǎŜŘ Water Data Services that enable querying and accessing time series 
observations data stored at remote locations in ODM databases, and in the water databases of public agencies, 
and delivery of these data in a consistent data language, called WaterML;  
 Data Indexing through a National Water Metadata Catalog, built as part of HIS Central at the San Diego 
Supercomputer Center that assembles in a consistent form the metadata that describe the water observation 
networks of the nation, and enables data searching across these networks.   This catalog presently indexes nearly 
10 million time series of water observations data collected at nearly 2 million locations in the United States and 
globally. 
 
The HIS Project is carried out by a multi-university team at five universities: 

University of Texas at Austin ς David Maidment, Tim Whiteaker, Eric Hersh, James Seppi, Wendy Harrison 
 San Diego Supercomputer Center ς Ilya Zaslavsky, David Valentine, Tom Whitenack, Matt Rodriguez 
 Utah State University ς David Tarboton, Jeff Horsburgh, Kim Schreuders 
 Idaho State University ς Dan Ames, Ted Dunsford, Jiri Kadlec 
 University of South Carolina ς Jon Goodall, Anthony Castronova 

 
The San Diego Supercomputer Center (SDSC) is the cyberinfrastructure partner and houses HIS Central, the hub for 
providing access to data through web services.   The hydrologic science researchers at the other universities focus 
on developing the hydrologic information technology to serve and process the data.   In addition, as part of the 
recent five-year renewal by NSF of the CUAHSI Program Office, an HIS support person, Yoori Choi, has been added 
to that office, and Richard Hooper, President and CEO of CUAHSI, is actively assisting the HIS team by developing 
an ontology of key concepts for indexing hydrologic information. 
 
Defining the nature of a Hydrologic Information System is a challenge.  The HIS team is trying to create something 
that has never existed before, and is operating at the outer limits of current technology.   By definition, a system is 
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an array of connected components, and in this instance the components can be defined as software applications 
that store, access and index hydrologic information.  The connection among them is established by web services 
which are automated functions that enable one computer to make appropriate requests of another computer and 
receive responses through the internet.  In this sense, the HIS team and its partners are creating a services-
oriented architecture for water information.  Josuttis (2007) defines a services-oriented archƛǘŜŎǘǳǊŜ ŀǎ άŀ ŎƻƴŎŜǇǘ 
that applies to large, distributed information systems that have many owners, are complex and heterogeneous, 
and have considerable legacies from the way their various components have developed in the past.έ  ¢Ƙƛǎ 
definition certainly applies to the water resources field which has thousands of agencies and individuals who 
collect and archive water information in their own way.  It also applies to other fields such as insurance, banking, 
health care and public safety, that also have many institutions and individuals who store and exchange 
information. 

Another way of thinking about a Hydrologic Information System is by analogy with a Geographic Information 
SysteƳ όDL{ύΦ ¢ƻƳƭƛƴǎƻƴ όнллоύ ǎǘŀǘŜǎ ǘƘŀǘ άŀ DL{ ǎǘƻǊŜǎ ǎǇŀǘƛŀƭ Řŀǘŀ ǿƛǘƘ ƭƻƎƛŎŀƭƭȅπƭƛƴƪŜŘ ŀǘǘǊƛōǳǘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƛƴ ŀ 
GIS storage database where analytical functions are controlled interactively by a human operator to generate the 
ƴŜŜŘŜŘ ƛƴŦƻǊƳŀǘƛƻƴ ǇǊƻŘǳŎǘǎΦέ ¢Ƙƛǎ ŘŜŦƛƴƛǘƛƻƴ ƛƳǇƭƛŜǎ ǘƘŀǘ ŀƭƭ ǘƘŜ ƛƴŦƻǊƳŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ƘŀǊǾŜǎǘŜŘ ŀƴŘ ǎǘƻǊŜd in a 
local database and is then available for analysis and interpretation. However, unlike GIS where the data are static 
and change little through time, a hydrologic information system is representing phenomena that are inherently 
dynamic and vary greatly through time. 
 
If we combine these two concepts, the services-oriented architecture, and the desktop application which stores 
and operates on the information on a local desktop computer, we may define a Hydrologic Information System as 
shown in Figure 1-1 as comprising three components: 
 HIS Server is a repository of hydrologic time series data published as WaterOneFlow web services;  
 HIS Central is a metadata catalog of data accessible through WaterOneFlow web services 
 Hydro Desktop accesses hydrologic data discovered on HIS Central and acquired from HIS Servers 
  

 

CƛƎǳǊŜ мπм ¢ƘŜ ǘƘǊŜŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ŀ IȅŘǊƻƭƻƎƛŎ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳ ƭƛƴƪŜŘ ōȅ ǿŜō ǎŜǊǾƛŎŜǎ 
 
In developing these definitions it is important to recognize that these three components are not unique to 
hydrology, and indeed the internet itself is also based on these three elements: information servers that publish 
text and images in Hypertext Markup Language (HTML), portals such as Google and Yahoo that index published 
documents and enable searching across them, and applications such as web browsers that access and display the 
resulting documents and files.  Also, it is important to note that, like the internet, there may be multiple instances 
of each component.   
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As Figure 1-1 shows, an HIS Server publishes both data and metadata services.  For example, for a stream gage, the 

data consists of the time series of discharge and stage height values recorded at the gage, while the metadata 

describes the location of the gage, the variables measured there, the period of record, and the organization that 

operates the gage.  By contrast, HIS Central indexes and catalogs only metadata, but it does so across many HIS 

Servers which contain hydrologic information for a particular geographic region.  This supports a user of 

HydroDesktop who can search the metadata stored in HIS Central and then acquire the data directly through data 

services provided by HIS Server.   Because data and metadata services are public information sources they can be 

accessed by any appropriate computer application not just Hydro Desktop. 

1.2 WHATΩS NEW IN 2009? 

Hydro Desktop  
 
A key innovation for CUAHSI HIS in 2009 is the creation of Hydro Desktop.   In other words, operating versions of 
the HIS Server and HIS Central already existed in 2008, and the data and metadata services they provided could 
then be accessed through programming languages such as Python, or customized applications such as Hydro Excel, 
an adaptation of Excel that access CUAHSI WaterML time series data services.  Hydro Desktop is a new local 
application that accesses and acquires data from web services, allows for the addition of local files that the user 
already has available, and provides an open source platform for hydrologic scientists to build hydrologic analysis 
applications and links to hydrologic models. 
 
As shown in Figure 1-2, Hydro Desktop is intended to access and synthesize water observations data with data 
from GIS, climate, and remote sensing, and to provide links to hydrologic models.   The goal for 2009 is to have an 
operational Hydro Desktop just for water observations data, so that Hydro Desktop can search through metadata 
in HIS Central and acquire the corresponding data from a set of geographically distributed HIS Servers, and that 
goal has been accomplished.   Since Hydro Desktop is built using MapWindow as a base, it already has a significant 
capacity to process and display GIS data.   Hydro Desktop includes a local database for time series data and 
metadata, and this allows hydrologic scientists to store and manipulate information in both space and in time. 

 
 

CƛƎǳǊŜ мπн ¢ƘŜ ŎƻƳǇƻƴŜƴǘǎ ƻŦ IȅŘǊƻ 5ŜǎƪǘƻǇΦ  CƻǊ нллф ǘƘŜ ŦƻŎǳǎ ƛǎ ƻƴ ǿŀǘŜǊ ƻōǎŜǊǾŀǘƛƻƴǎ Řŀǘŀ 
 
Hydro Desktop is managed by a new partner in the HIS team, Dan Ames of Idaho State University, and it builds on 
the MapWindow open source GIS that he also manages.  The source code for Hydro Desktop is maintained in a 
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public subversion repository at http://www.hydrodesktop.org and the first executable version was created in 
hŎǘƻōŜǊ нллфΦ  IȅŘǊƻ 5ŜǎƪǘƻǇ ƛǎ ǳƴŘŜǊƎƻƛƴƎ Ŏƻƴǘƛƴǳŀƭ ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘƘŜ hŎǘƻōŜǊ нллф ǾŜǊǎƛƻƴ ƛǎ ƛƴ άtǊŜ-
!ƭǇƘŀέ ŦƻǊƳΣ ǘƘŀǘ ƛǎΣ ƛǘ ǇŜǊŦƻǊƳǎ ǎƻƳŜ ŦǳƴŎǘƛƻƴǎ ǎŀǘƛǎŦŀŎǘƻǊƛƭȅ ŀƴŘ ƛǎ ōŜƛƴƎ ǎƘŀǊŜŘ ŀƳƻƴƎ ƛǘǎ ǎƻŦǘǿŀǊŜ ŘŜǾŜƭƻǇƳŜƴǘ 
team, but it is not yet ready for testing by a wider audience. 
 
New CUAHSI Water Data Services 
 
During 2009, a number of new WaterML services have been established and existing ones have been improved 
and solidified.  In September 2009, the USGS began publishing its instantaneous water observations data in 
WaterML, after having earlier established a WaterML service for their daily values data.  Instantaneous data are 
those measured every 15 minutes or at other intervals that are statistically summarized each 24 hours to provide 
daily values, such as daily streamflow data.   The USGS Instantaneous data service provides access to data at 11188 
sites in the United States for a set of 80 variables, a subset of which is measured at each site.    The USGS service 
presently provides instantaneous data up to 60 days before present but the USGS archives of instantaneous data 
extend much further back in time and these longer data series may be exposed in WaterML at a later time. The US 
Army Corps of Engineers, Rock Island District, has published a WaterML service for 2210 sites, mainly in the 
Mississippi River basin, providing data mainly for water levels and water quality.   The National Climatic Data 
/ŜƴǘŜǊΩǎ LƴǘŜƎǊŀǘŜŘ {ǘŀǘƛƻƴ IƻǳǊƭȅ ŀƴŘ 5ŀƛƭȅ ²ŀǘŜǊa[ ǎŜǊǾƛŎŜǎ ƘŀǾŜ ōŜŜn indexed at the main CUAHSI HIS Central 
instance housed at SDSC and can now be searched for information on up to 34 variables measured at 13,628 sites 
across the globe, with data available up to 36 hours before the present time.    Drexel University has established a 
HydroNexrad web service for gridded precipitation for the Chesapeake Bay Environmental Observatory at 215359 
points each located at the center of a cell on a 1km SuperNexrad mesh.  HydroNexrad is an application for 
processing high precision Nexrad data developed by the University of Iowa, so it is interesting that value-added 
data from academic data sources are now starting to play a major role in HIS Central and CUAHSI Water Data 
Services.   
 
Usage statistics presented in Chapter 3 show that the amount of data indexed at HIS Central has increased by more 
than a factor of ten during the past year from 342 million data to 4.3 billion data, largely because of the 
HydroNexrad service.  The usage of CUAHSI Water Data Services to access water observations data has increased 
by a factor of three since last year from 450 requests per day to 1500 requests per day, and within this, usage of 
USGS water web services through HIS Central, has increased by a factor of ten from 110 to 1100 requests per day.   
We anticipate that as the use of HydroDesktop to access data through web services becomes more established, 
these usage figures will increase further by a significant amount. 
 
A Texas Hydrologic Information System has been established in collaboration with state level water agencies in 
Texas led by the Texas Water Development Board.  An instance of HIS Central at the University of Texas at Austin 
indexes 10 water data services, summarizing state and local water agency and academic data measured in Texas, 
together providing more than 1 million water observation time series, where a water observation time series is a 
set of measurements of one variable, at one site, by one organization, collected over a defined period of time. This 
is leading to the publication ƻŦ ¢ŜȄŀǎ ǿŀǘŜǊ ƻōǎŜǊǾŀǘƛƻƴ Řŀǘŀ άǘƘŜƳŜǎ,έ ǿƘƛŎƘ ŀǊŜ ŘŀǘŀǎŜǘǎ ŎƻƳǇƛƭŜŘ ŦǊƻƳ 
observations data harvested from the core water data services, for quantities such as salinity, evaporation, water 
ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ ƴǳǘǊƛŜƴǘǎΦ   ¢ƘŜ ƛƴǘŜƴǘƛƻƴ ǿƛǘƘ άǘƘŜƳŜǎέ ƛǎ ǘƻ ǇǊovide access to carefully curated and readily 
usable data packages of water information, customized for particular subject areas and geographic regions.  
 
The Inland Northwest Research Alliance (INRA) Constellation of Experimental WATERsheds (ICEWATER) project 
(http://icewater.inra.org) in the Northwest is an operating example of the synthesis of the three components 
described in Figure 1-1, where the HIS Central instance is located at Utah State University, and the HIS Servers are 
at Boise State University, Idaho State University, Montana State University, University of Alaska Fairbanks, 
University of Idaho, University of Montana, Utah State University, and Washington State University.  These HIS 
Servers publish both CUAHSI water observations data services using information stored in the CUAHSI 
Observations Data Model and geographic datasets stored in ArcGIS Server.   Both the observations and metadata 

http://www.hydrodesktop.org/
http://icewater.inra.org/
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about the geographic spatial data services are stored within the SQL/Server relational database, which is the 
foundation of the HIS Server. 
 
 
Internationalization of WaterML 
 
The initial version of WaterML, version 1.0, was invented by the CUAHSI HIS team and it presently connects all the 
HIS components.   This is an eXtended Markup Language (XML) designed to convey water observation time series 
data and metadata through the internet, and to support web service requests for these data. 
 
The most accepted international standards for internet transmission of the geospatial data have been established 
by the Open Geospatial Consortium (OGC) using GML, or Geographic Markup Language, which is also an XML 
language like WaterML.   Beginning in September 2008, the OGC has joined with the Commission for Hydrology of 
the World Meteorological Organization to establish an OGC/WMO Hydrology Domain Working Group 
http://e xternal.opengis.org/twiki_public/bin/view/HydrologyDWG/WebHome.   The OGC/WMO partnership at the 
international level parallels the partnership between cyberinfrastructure experts at SDSC and hydrologic scientists 
at other universities within the CUAHSI HIS team.   
 
The Hydrology Domain Working Group meets regularly each three months, generally twice in Europe and twice in 
North America each year, as part of the OGC Technical Committee meetings. In the five meetings already held, a 
significant amount of progress has been made in learning about technical developments in water web services in 
the United States, Europe and Australia.   The goal of the Hydrology Domain Working Group is to design a new 
version of WaterML, version 2.0, that will be compliant with OGC and WMO information standards, and to test this 
with a set of Interoperability Experiments for exchange of water information within countries and across national 
borders.   The development of WaterML through the OGC/WMO working group signals the emergence of 
international, public domain, open source standards for water data for the first time.  If successful and widely 
adopted, this could have profound regional, national and global impacts on advancing the communication and 
synthesis of water data to support water science and water management. 
 
Links with Hydrologic Modeling 
 
One of the key goals of hydrologic information access and synthesis is to support hydrologic modeling.   Since 
modeling takes place on many software platforms and in many programming languages, it is not the goal of the 
HIS project to be doing hydrologic modeling, but rather to be linking to hydrologic models so as to provide 
information to them and to receive information from them.   CUAHSI has a separate initiative, the Community 
Hydrologic Modeling Platform (CHyMP), whose goal is to construct and share hydrologic modeling components.   
There are two distinct flavors of hydrologic models, lumped and distributed.  Lumped modeling means that a 
hydrologic system such as a watershed or river basin is represented by a set of spatially discrete entities, such as 
subwatersheds and river reaches, each of which has representative properties, and the hydrologic model solves a 
set of ordinary differential equations describing the time variation of hydrologic processes occurring in these 
entities.  Distributed modeling means that the spatial domain is represented by a mesh or grid of computation 
points, and the hydrologic model solves a set of partial differential equations in space and time.    
 
Several model-data interoperability systems have been developed and the HIS team has tested two of these: the 
Open Modeling Interface OpenMI, developed with support from the European Commission, which links lumped 
hydrologic models and data sources, and the Earth System Modeling Framework (ESMF), developed by NCAR and 
partners, which links distributed models and data sources.   An OpenMI plugin for Hydro Desktop has been 
developed by Jon Goodall and colleagues in the HIS team at the University of South Carolina, a WaterML linkage to 
ESMF has been developed by the ESMF team.   It would be desirable also to understand how Hydro Desktop can be 
linked to the Community Surface Dynamics Modeling System project. 
 
Adaptation of the Hydrologic Ontology 

http://external.opengis.org/twiki_public/bin/view/HydrologyDWG/WebHome
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A critical element of the conceptual model of HIS presented in Figure 1-1 is the capacity to search hydrologic 
metadata in portals to identify information of particular types.    This is complicated by the fact that even though 
WaterML smoothes out syntactic heterogeneity, or variations in data format, it does not eliminate semantic 
heterogeneity, or differences in the way variables are described.   A brilliant piece of research carried out by Bora 
Beran and Michael Piasecki at Drexel University earlier in the HIS project demonstrated how a centralized 
metadatabase could be harvested from CUAHSI water data services and how a set of search services for particular 
variables could be performed over this metadatabase by using an application called HydroSeek.   HydroSeek is 
based on a hierarchy of search terms, or hydrologic ontology, expressed as a connected set of files in the Ontology 
Web Language (OWL).   The HydroSeek application and its underlying metadatabase and search services, were 
transferred to HIS Central at SDSC and are continuously maintained there.   As new CUAHSI water data services are 
registered at HIS Central and cataloged in the metadatabase, their variables are linked to the concepts in the 
hydrologic ontology so that they can be included in HydroSeek searches.  These search services at HIS Central are 
now accessible to the Hydro Desktop application operating at any geographic location.  Hydro Desktop can select 
particular classes of information, copy their metadata into its own local database, and then harvest the 
corresponding observations from their HIS Servers, wherever those are located.   This greatly simplifies data 
searching and acquisition. 
 
As this process evolved, several limitations became apparent.  First, it was very difficult to understand and to 
manipulate the hydrologic ontology as a connected set of fragmented OWL files.   However, the main visualization 
tool for the ontology is in a  StarTree viewer, and this viewer is based on a tabular listing of the ontology expressed 
as a concept paths, where each record in the list specifies the sequence of concepts on the path from the central 
core concept to a single leaf concept on the outer edge of the concept tree.  This simplification suggested that the 
CUAHSI hydrologic ontology could be constructed in tabular form, and that transformation was accomplished by 
Kate Marney and David Maidment at the University of Texas.   Matt Rodriguez at SDSC has shown that the whole 
metadatabase and its linkage to concept tables, can be presented as a Data Cube in SQL/Server using its OLAP 
(OnLine Application Processing) capabilities, which provides rapid access for searching the metadata across a 
number of search dimensions, such as site location, time period, selected concepts, and media (air, water, soil) 
within which the observations were made.   The result will be a more robust and unified metadatabase to support 
search services although this system has not been fully implemented yet. 
 
In parallel with the CUAHSI work on hydrologic ontologies, the USGS and EPA have for a number of years been 
seeking to unify the capacity to search their respective water quality databases by referencing their variable 
descriptions to a list of substances in the EPA Substance Registry System.  For example, the list of substances 
includes Oxygen, so all forms of Dissolved Oxygen measured in water are linked to the term Oxygen as a 
substance.   The USGS water quality database requires about 1600 substances to index its measured variables.  The 
CUAHSI HIS team has examined this approach to indexing water quality data using the Substance Registry System 
and has decided to use that approach as a point of departure in its future work on indexing water quality data. 
 
Richard Hooper has converted the hydrologic ontology into a relational database form. In consultation with 
colleagues in the CUAHSI community, he is the person who will finalize the concept and structure of the CUAHSI 
hydrologic ontology. 
 
Critical Zone Observatories 
 
One of the key goals of the CUAHSI HIS project is to support the publication of data from hydrologic observatories.  
These can take several forms, and one that the National Science Foundation Earth Sciences Division has chosen to 
fund is Critical Zone Observatories, where the Critical Zone is defined to be from the top of the bed rock to the top 
of the atmospheric boundary layer, and all the phenomena that lie in between those levels, including surface and 
subsurface hydrologic processes.   A number of different types of data are collected at Critical Zone Observatories, 
but a data inventory compiled of the information being generated at the first three observatories at Penn State, 
the University of Colorado at Boulder, and University of California, Merced, showed that regularly sensed or 
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irregularly sampled time series of information at point locations produces the main part of the water observations 
data collected at those observatories.    Three additional Critical Zone Observatories are in the process of being 
established.   A supplement to the Critical Zone Observatory grants has been made by NSF to support establishing 
web sites for CZO data at each observatory, a common CZO Data Portal for observations time series at the San 
Diego Supercomputer Center, and an adaptation of Hydro Desktop to form a CZO Desktop with similar search 
capabilities for data indexed in the CZO portal.  
 
Regional HIS Training Courses 
 
Tim Whiteaker at the University of Texas developed a 1.5 day training course in preparing and publishing 
hydrologic observations data.   The course begins with a set of ascii files of time series data measured at a network 
of observation points in a region, shows how to transform those files and ingest them into the CUAHSI 
Observations Data Model in SQL/Server, how to provide access to the resulting data through WaterML web 
services, and how to register this WaterML web service at HIS Central and access its data through HydroSeek.   This 
course has so far been taught at five locations: Melbourne, Australia (November, 2008), Kansas State University 
(March, 2009), University of Texas at Austin (May, 2009), University of Vermont (June, 2009), and University of 
Iowa (September, 2009).  The Iowa class was taught by Yoori Choi as she transitions into the role of supporting HIS 
implementation in CUAHSI institutions. A similar course was taught at Boise State University (August, 2009) for 
participants in the eight universities in the ICEWATER network.    
 
Each of these workshops involves extensive preparation with local partners at the host institution.  A dataset of 
water observations in the local region is selected, and a HIS Server is set up at the host institution to house the 
dataset once it is compiled into the CUAHSI format.   Besides academic participants, representatives of regional 
water agencies are contacted, and invited to participate, so that a beginning can be made for linkage between 
academia and government that is needed to establish a regional HIS.   Typically, a course involves 20-30 academic 
and water agency participants.  Once the course is over, the pilot regional HIS Server provides a base and 
application for further development of HIS.  In this way, the leadership that CUAHSI water scientists provide from 
their universities is used as a catalyst for water data synthesis in their state or region. 

1.3 WHAT HAVE WE LEARNED? 

It may be useful at this point in our project to step back for a moment and assess what lessons have been learned 
in the five years since the HIS project was initiated, and in particular in the three years since the present five-year 
grant was awarded in January 2007.   Here are some thoughts in that regard: 
 

¶ A critical contribution of the HIS project is the invention of WaterML and the demonstration that it works 
to provide a common language for water observations data transmission through the internet.  This 
language now has sufficient adoption by the USGS and other agencies, and progress toward 
internationalization through the OGC/WMO Hydrology Domain Working Group, that there is a reasonable 
likelihood that it will evolve into a permanent open source standard for water data publication. 

¶ The amount of water observations data indexed at HIS Central has increased by a factor of ten during the 
past year from 342 million data to 4.3 billion data, and the number of requests for data from CUAHSI 
Water Data Services over the same period has increased by a factor of three, from 450 requests per day 
to 1500 requests per day.  

¶ The Observations Data Model is a comprehensive way of storing and cataloging hydrologic observations 
time series, and the link between the ODM and its attached WaterML web services is very robust. 

¶ Indexing hydrologic observations metadata across a set of water data services in a centralized metadata 
catalog is valuable information source for supporting searches for particular data types. 

¶ Hydrologic observations data collected by academic investigators are project oriented ς they are collected 
to support a particular set of research goals funded by a research project of finite duration.   The ODM 
and WaterML web services built at the project site are one way of storing and providing public access to 
ǘƘŜ Řŀǘŀ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŘǳǊŀǘƛƻƴΣ ŀƴŘ ŀŦǘŜǊ ƛǘ ƛǎ ŎƻƳǇƭŜǘŜŘΦ   
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¶ An alternative model is to wait until the project is mature and then capture the data in whatever form it is 
in, ingest it into the ODM, and store it in a centralized repository at SDSC.  This is the path being followed 
with the Critical Zone Observatories, who are going to internally manage their data in whatever way they 
choose. 

¶ For hydrologic scientists to comprehensively access the CUAHSI services-oriented architecture for water 
data, a customized local application is necessary, like the Unidata Local Data Manager.  The idea that the 
data can be captured using web services imbedded in programming languages, or by adaptation of 
existing software like Excel and ArcGIS, has some validity, but none of these approaches is configured to 
provide a comprehensive interface to a services-oriented architecture.   This is why we have developed 
Hydro Desktop.   We intend that by engaging at first a small group of users of Hydro Desktop in its design 
and development, we can gradually solidify and expand the capability of the application and the size of 
the audience within the CUAHSI community that uses it. 

¶ Registering WaterML web services and building and maintaining a National Water Metadata Catalog at 
HIS Central requires continual investment and effort.   Having a single national source of such metadata 
has some advantages but it does not serve all purposes.  Equivalent needs and focus exist within states 
and regions who may have little interest in information from distant locations in the nation, but a great 
interest in synthesizing national, state and local information for limited geographic areas.   This requires 
the deployment of a standardized Hydro Portal whose contents can be cataloged, and searched from 
within neighboring Hydro Portals and by external applications.    We think it is possible to accomplish this 
by using the Hydro Portal adaptation of the ESRI Geoportal Extension programmed for the HIS team by 
the ESRI Water Resources Applications group

1
, but this capability is not fully tested yet and will take time 

to solidify and systematize. 

¶ The idea of applying CUAHSI HIS technology at the state and regional level has the capacity to capture 
state and local water observations data that are not included in national datasets compiled by federal 
agencies.  The regional and state-level HIS workshops conducted during the past year have been valuable 
in establishing this role in some parts of the nation.  The leadership with their state and region provided 
ōȅ /¦!I{L ǎŎƛŜƴǘƛǎǘǎ ŦǊƻƳ ǘƘŜƛǊ ǳƴƛǾŜǊǎƛǘƛŜǎ ƛǎ ŀ ǾŀƭǳŀōƭŜ ƳŜǘƘƻŘ ƻŦ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ ŘŜŜǇŜƴƛƴƎ ǘƘŜ ƴŀǘƛƻƴΩǎ 
repository of indexed water data accessible in WaterML.   Because of the neutral role of academia in 
interaction with government water agencies, CUAHSI scientists have a unique opportunity to provide this 
leadership.  If not us, then who?  If not now, then when? 

¶ The HIS Server and HIS Central components of the HIS are founded on mature commercial information 
technology that is adapted to serve the purposes of HIS.   This approach is used so that as the underlying 
technology evolves with emerging information standards, the HIS server and search capabilities 
themselves can evolve with minimal need for maintenance effort by the HIS team. 

¶ The HydroDesktop component of HIS is an open source, public domain application with a public 
subversion repository for its source code to encourage others in the HIS and related communities to join 
in engaging in its development by producing plug-ins that provide additional functionality.   This is the 
part of HIS that the users directly interact with and wish to enhance so it is important that this component 
is available free of charge and is eventually cross-platform compatible, especially between the Windows 
and Macintosh operating systems.     

¶ The elements of the Hydrologic Information System shown in Figure 1-1 are probably complete enough 
that there is no need to add major additional components.  What is needed over the remaining two years 
of the project is to solidify the technology and engage and train the CUAHSI community in its use. 

                                                                 

1
 The HIS team wishes to express its appreciate to the Environmental Systems Research Institute and to Dean 

Djokic and his programming team in the ESRI Water Resources Applications Group for their many contributions to 
our research, which are provided free of charge to the HIS project. 
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1.4 SCOPE OF THIS REPORT 

This report contains eight chapters, beginning with this introduction, Chapter One.  Chapter Two summarizes the 
Hydro Desktop application and its development.   Chapter Three describes HIS Central and CUAHSI Water Data 
Services.  Chapter Four describes the architecture of HIS Server and its application in support of the ICEWATER 
network among universities in the Northwest.  Chapter Five describes the Texas Hydrologic Information System as 
an example of CUAHSI technology applied at the state rather than national level. Chapter Six summarizes the 
present conception of the Hydrologic Ontology.   Chapter Seven describes our work on linking hydrologic data and 
models.  Chapter Eight summarizes our HIS education and communication activities. 
 

1.5 REFERENCES 

IL{ όнллуύΣ ά/¦!I{L IȅŘǊƻƭƻƎƛŎ LƴŦƻǊƳŀǘƛƻƴ {ȅǎǘŜƳΥ hǾŜǊǾƛŜǿ ƻŦ ±ŜǊǎƛƻƴ мΦмέΣ tǊƻŘǳŎŜŘ ōȅ ǘƘŜ /¦!I{L IL{ tǊƻƧŜŎǘ 
Team and edited by David R. Maidment, http://his.cuahsi.org/documents/hisoverview.pdf  
 
WƻǎǳǘǘƛǎΣ bΦaΦΣ όнллтύΣ ά{h! in practice ς ǘƘŜ ŀǊǘ ƻŦ ŘƛǎǘǊƛōǳǘŜŘ ǎȅǎǘŜƳ ŘŜǎƛƎƴέΣ hΩwŜƛƭƭȅ tǊŜǎǎΣ {ŜōŀǎǘƻǇƻƭΣ /!Σ онпǇΦ  

¢ƻƳƭƛƴǎƻƴΣ wΦΣ όнллоύΣ ά¢ƘƛƴƪƛƴƎ ŀōƻǳǘ DL{έΣ 9{wL tǊŜǎǎΣ wŜŘƭŀƴŘǎ /!Σ нуоǇΦ 

  

http://his.cuahsi.org/documents/hisoverview.pdf
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Chapter 2. HYDRODESKTOP 

By Dan Ames, Idaho State University 
 

2.1 INITIAL OBJECTIVES 

HydroDesktop (formerly referred to as HIS Desktop) is a new component of the HIS project intended to address the 

ǇǊƻōƭŜƳ ƻŦ Ƙƻǿ ǘƻ ƻōǘŀƛƴΣ ƻǊƎŀƴƛȊŜ ŀƴŘ ƳŀƴŀƎŜ ƘȅŘǊƻƭƻƎƛŎ Řŀǘŀ ƻƴ ŀ ǳǎŜǊΩǎ ŎƻƳǇǳǘŜǊ ǘƻ ǎǳǇǇƻǊǘ ŀƴŀƭȅǎƛǎ ŀƴŘ 

modeling.  As designed and developed thus far, HydroDesktop is focused on facilitating the discovery and access of 

hydrologic data and, secondarily, providing support for data manipulation and synthesis.  It also provides a 

visualization tool for HIS Server based data and a platform for the integration of HIS data.   

 

HydroDesktop is being developed using the open source MapWindow 6 open source GIS (geographic information 

system) software development toolkit together with a number of existing open source spatial and temporal data 

analysis and visualization tools. In this way, the full software package meets the requirement of being completely 

open source and accessible for third party developers and researchers.   The source code for HydroDesktop is 

maintained at http://www.HydroDesktop.org which is based on a community open source software development 

portal maintained by Microsoft.  Additionally, HydroDesktopΩǎ ŘŜǎƛƎƴ Ƴŀƛƴǘŀƛƴǎ ǘƘŜ ǳǎŜ ƻŦ ŀ ǇƭǳƎ-in architecture 

that ŀƭƭƻǿǎ ŦƻǊ ǘƘŜ ŜȄǘŜƴǎƛƻƴ ƻŦ ǘƘŜ ǇǊƻƎǊŀƳΩǎ ŎƻǊŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ŜƴŎƻǳǊŀƎŜǎ third party participation in the 

open development community. 

 

This chapter provides a brief overview of the HydroDesktop program as it exists thus far then address progress 

regarding data discovery and manipulation and community development. 

2.2 OVERVIEW 

As stated in the HIS Desktop Functional Specifications design document (June 2009): 

 

άIL{ 5ŜǎƪǘƻǇ ǿƛƭƭ ōŜ ŀ ǇƭŀǘŦƻǊƳ ŦƻǊ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ƘȅŘǊƻƭƻƎƛŎ ŘŀǘŀΣ ǿƘƛŎƘ Ŏŀƴ ōŜ ǳǎŜŘ ƛƴ ŀƴŀƭȅǎƛs applications 

such as R, MATLAB, and Excel, or in custom code developed by the end user. The HIS Desktop design paradigm 

includes the use of a plug-in architecture and data abstraction layer that will allow extension of the core 

functionality. HIS Desktop will provide local access to data obtained from distributed data services that are part 

of the Internet-based, SOA that the CUAHSI HIS project has developed for the sharing of hydrologic data.έ   

(See http://hydrodesktop.codeplex.com/Wiki/View.aspx?title=Functional%20Specifications) 

 

To support these goals, we have developed HydroDesktop with a familiar primary interface similar to most desktop 

GIS programs with the addition of tools and forms specifically related to time series data visualization and analysis.   

 

Figure 2-м ǎƘƻǿǎ ǘƘŜ IȅŘǊƻ5ŜǎƪǘƻǇ ŘŜŦŀǳƭǘ ƛƴǘŜǊŦŀŎŜ ŀǎ ƛǘ ŀǇǇŜŀǊǎ ƻƴ ŀ ǳǎŜǊΩǎ ƭƻŎŀƭ ŎƻƳǇǳǘŜǊΦ  LƴŎƭǳŘŜŘ ŀǊŜ ŀ Main 

Menu, Toolbar, Ψ±ƛŜǿΩ ¢ŀōǎ, Legend, and a main Map Display.  The Map Display is the main visualization tool while 

the other portions of the interface provide tools for searching, obtaining and managing data.  It is anticipated that 

the program will be used by a wide variety of users from graduate students to university faculty to scientific 

researchers.  With this wide base of users in mind, HydroDesktop maintains a user friendly interface that can be 

Ŝŀǎƛƭȅ ƳŀƴŀƎŜŘ ǊŜƎŀǊŘƭŜǎǎ ƻŦ ǘƘŜ ƻǇŜǊŀǘƻǊΩǎ ǘŜŎƘƴƛŎŀƭ ōŀŎƪƎǊƻǳƴŘΦ 

 

http://www.hydrodesktop.org/
http://hydrodesktop.codeplex.com/Wiki/View.aspx?title=Functional%20Specifications
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Figure 2-1  HydroDesktop Main Interface 

2.3 DISCOVERING AND ACCESSING DATA 

HydroDesktop uses the methods from the HIS Central metadata catalog Application Programming Interface (API) 

to provide search capabilities across the catalog to determine relevant data sets for a specific user.  A series of data 

discovery forms has been developed to provide the user with a quick and easy, step by step means of defining the 

type of data they are looking for and the source from which they wish to find it.  These forms can be accessed 

simply by clicking the  Search and Download Data button in the Toolbar.   These forms present the user with the 

option to input one or more of the subsequent search criteria. 

 

The first form allows the user to establish whether to search the HIS Central catalog or to search a local metadata 

source. 

 

 

Figure 2-2  First Data Discovery Form 
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The second form creates a latitude/longitude bounding box to serve as the spatial constraint on the query. This 

form makes use of the interactive map to set the context for the data discovery.  An area of interest is often used 

as a filter for narrowing a search for data.  The box can be input by typing in coordinates, by drawing a rectangle on 

the HydroDesktop map, or by selecting a feature from one of the layers in the HydroDesktop map (e.g., a 

watershed boundary, a county or a state ς the extent of the feature is converted to a latitude/longitude box).  

Note that this and subsequent forms can be skipped or that the search can be run at any given point in the series 

of forms.  All that is necessary is that at least one of the criteria be entered. 

 

 

Figure 2-3  Second Data Discovery Form 

The third form allows the user to search concepts from the HIS Ontology.  The ontology-based search uses 

keywords that are either input by the user or selected from a list. 
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Figure 2-4  Third Data Discovery Form 

The fourth form allows the user to enter a start date and an end date to serve as the temporal constraint on the 

query.  This function is especially important to the purposes of the HIS project in that it deals with observational 

time series data as well as simple geospatial data. 

 

 

Figure 2-5  Fourth Data Discovery Form 

The fifth form provides a list of web services to include in the search. This is a user-specified subset of the web 

services registered at HIS Central that limits search results to only a selected set of services.  The user may also 

elect to search through the entire catalog of registered HIS Central web services. 
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Figure 2-6  Fifth Data Discovery Form 

All of the data series cataloged at HIS Central that meet the search criteria are returned in a format that allows the 

user to easily streamline and store the results of the query.  Once the search is finished, the user can view the 

results plotted on a map or in table format.  Figures 2-7 and 2-8 show the results of the data discovery process as it 

appears in these two different views.  This process will be discussed in the next section. 

 

 

Figure 2-7  Data Discovery Results in Map Form 

 


























































































































