
 

 

 

 

 

 

  

 

 

Copyright 

by 

Katherine A. Marney 

2009 

 

 

  



Geospatial Metadata and an Ontology for 

Water Observations Data 

 

 

by 

Katherine A. Marney, B.E. 

 

 

 

Thesis 

Presented to the Faculty of the Graduate School of  

The University of Texas at Austin 

in Partial Fulfillment  

of the Requirements 

for the Degree of  

 

Master of Science in Engineering 

 

 

The University of Texas at Austin 

May 2009 

  



 

Geospatial Metadata and an Ontology for 

Water Observations Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Approved by 

Supervising Committee: 

 

David R. Maidment 

 

 

Daene McKinney 

 



 iv 

 

 

 

 

Acknowledgements 

 

I thank Dr. David Maidment for his guidance, support, and vision throughout this 

work.  

I also thank the Consortium of Universities for the Advancement of Hydrologic 

Sciences for supporting this work. I appreciate the opportunity to work on the Hydrologic 

Information System and thank the entire HIS team for their support and dedication to this 

project. 

 

 

 

 

 

 

 

 

 

 

May 2009 



 v 

Abstract 

 

Geospatial Metadata and an Ontology for  

Water Observations Data 

 

 

 

 

Katherine A. Marney, M.S.E. 

The University of Texas at Austin, 2009 

 

Supervisor: David R. Maidment 

 

Work has been successfully performed by the Consortium of Universities for the 

Advancement of Hydrologic Science, Inc. (CUAHSI) to synthesize the nation‟s 

hydrologic data. Through the building of a national Hydrologic Information System, the 

organization has demonstrated a successful structure which promotes data sharing. While 

data access has been improved by the work completed thus far, the resources available 

for discovering relevant datasets are still lacking. In order to improve data discovery 

among existing data services, a model for the storage and organization of metadata has 

been created. This includes the creation of an aggregated table of relevant metadata from 

any number of sources, called a Master SeriesCatalog. Using this table, data layers are 

easily organized based on themes, therefore simplifying data discovery based on 

concepts. 



 vi 

Table of Contents 

List of Tables ....................................................................................................... viii 

List of Figures ........................................................................................................ ix 

1. Introduction .....................................................................................................1 

1.1. Uses of Hydrologic Information ............................................................4 

1.2. Hydrologic Information Sources............................................................5 

1.3. Sharing Hydrologic Data .......................................................................6 

1.4. Objectives ..............................................................................................8 

2. Literature and Technology Review ...............................................................10 

2.1. Service-Oriented Architecture .............................................................10 

2.2. CUAHSI-HIS .......................................................................................13 

2.3. Open Geospatial Consortium ...............................................................20 

2.4. Ontology ..............................................................................................24 

2.5. HydroTagger ........................................................................................29 

3. Geospatial Metadata......................................................................................32 

3.1. HIS Model ............................................................................................32 

3.2. Selecting Relevant Service Level Metadata ........................................34 

3.3. Selecting Data Services........................................................................39 

3.4. Metadata Extraction .............................................................................43 

3.5. Compiling and Storing Metadata .........................................................44 

3.6. Metadata Model ...................................................................................48 

3.7. Creating Sites Shapefiles .....................................................................49 

3.8. Serving Metadata as a WFS .................................................................50 

3.9. Creating a Registry ..............................................................................51 

3.10. Recommendations and Future Work ...................................................52 

4. Ontology and Data Discovery .......................................................................53 

4.1. Building a tabular ontology .................................................................53 

4.2. Validating Concepts .............................................................................59 



 vii 

4.3. Master SeriesCatalog ...........................................................................59 

4.4. Building Thematic Data Layers ...........................................................60 

4.5. Data Discovery.....................................................................................62 

4.6. Future Work and Recommendations ...................................................67 

5. Conclusions ...................................................................................................71 

5.1. Recommendations ................................................................................76 

Appendix A: Concept Table ..................................................................................78 

Appendix B: WFS Catalog ....................................................................................81 

Appendix C: Ingesting a WFS into ArcMap ..........................................................84 

Glossary .................................................................................................................89 

References ..............................................................................................................91 

Vita .. ......................................................................................................................93 

 



 viii 

List of Tables 

Table 2.1 Observations Data Model attributes associated with an observation (Horsburg, 

et al., 2008) ....................................................................................................................... 15 

Table 3.1 SeriesCatalog metadata fields and descriptions ................................................ 35 

Table 3.2 Variable metadata fields and descriptions ........................................................ 37 

Table 3.3 Sites metadata fields and descriptions .............................................................. 38 

Table 3.4 National Datasets .............................................................................................. 40 

Table 3.5 Academic and State Datasets ............................................................................ 40 

Table 3.6 Original and modified metadata field names and formats ................................ 46 

Table 4.1 New tabular ontology........................................................................................ 57 

Table 4.2 University of Florida variables tagged with concepts ...................................... 63 

Table 4.3 Concept table with all nitrogen concepts selected in ArcMap .......................... 65 

Table 4.4 Florida master SeriesCatalog with all nitrogen time series selected ................ 66 

Table 4.5 Concepts describing water level ....................................................................... 68 

Table 4.6 Modified water level concepts .......................................................................... 69 

Table 5.1 SeriesCatalog metadata fields and descriptions ................................................ 72 



 ix 

List of Figures 

Figure 1.1    Hydrologic Cycle (Iowa State University, 2009) ........................................... 2 

Figure 1.2 Data services on data.crwr (http://data.crwr.utexas.edu/wsdl.html) ................. 6 

Figure 2.1 Relationship between web service specifications ............................................ 12 

Figure 2.2 Locations of the 122 universities which are members of CUAHSI (Maidment, 

2008b) ............................................................................................................................... 13 

Figure 2.3 Network of hydrologic information servers in HIS (CUAHSI, 2009) ............ 14 

Figure 2.4 ODM version 1.1 schema diagram (CUAHSI, 2009) ..................................... 18 

Figure 2.5 Data transformations that take place inside CUAHSI-HIS web service 

(Maidment, 2008b) ........................................................................................................... 19 

Figure 2.6 Map image of the observation sites in Texas .................................................. 22 

Figure 2.7 Example of polygon and line features ............................................................. 23 

Figure 2.8 Nexrad rainfall data as coverage ..................................................................... 24 

Figure 2.9 Layered ontology model (Piasecki, 2008) ....................................................... 27 

Figure 2.10 Hydrologic ontology in StarTree viewer ....................................................... 28 

Figure 2.11 HydroTagger application interface ................................................................ 30 

Figure 3.1 HIS Model ....................................................................................................... 33 

Figure 3.2 Relationship between three metadata tables .................................................... 39 

Figure 3.3 Sites table downloaded in HydroExcel............................................................ 43 

Figure 3.4 Dry Creek Experimental Watershed example of metadata tables ................... 47 

Figure 3.5 Transformation of a table to a geographic display .......................................... 49 

Figure 3.6 Screenshot of data.crwr Web Feature Service Catalog ................................... 51 

Figure 4.1 Contents of an OWL file in the current ontology named search.owl .............. 54 

Figure 4.2 Concept mappings in current ontology............................................................ 56 



 x 

Figure 4.3 StarTree visualization created from new concept table ................................... 58 

Figure 4.4 Texas Water Data Services being served on data.crwr ................................... 61 

Figure 4.5 Texas salinity data layer .................................................................................. 62 

Figure 4.6 Discovery through relationships using a master SeriesCatalog ...................... 64 

Figure 4.7 Observation sites which measure nitrogen ...................................................... 67 

  



 

 

1 

1. Introduction 

In the hydrologic sciences observation is the ultimate source of information. The 

hydrologic cycle is a complex phenomenon (see Figure 1.1) and understanding of this 

cycle is derived from observation coupled with theory. There are many types of 

hydrologic data, including precipitation, evaporation, streamflow, and water quality 

parameters. There are also many entities which collect it, many formats in which to store 

it, and a variety of methods used to share it. The US Geological Society (USGS) is the 

largest repository for water information in the United States with 1.4 million sites 

collecting data on streamflow, water quality, and ground water. Other agencies collecting 

hydrologic data include the Environmental Protection Agency (EPA), National Climatic 

Data Center (NCDC), and the US Department of Agriculture (USDA). There are also 

many state, regional, and local agencies collecting hydrologic information, as well as 

researchers in academia and industry. This information, though sometimes useful on its 

own, is more meaningful when aggregated. However, each data collector has their own 

method for storing and serving data, making data discovery and harvesting difficult. The 

following document describes a structure for organizing water observations metadata 

such that data discovery is enhanced. 
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Figure 1.1    Hydrologic Cycle (Iowa State University, 2009) 

The past two decades have seen leaps in information technology and 

infrastructure, making large volumes of data more available than ever before. The World 

Wide Web Consortium (W3C) has defined standards for communicating information on 

the web. These include specifications for computer to computer communication through 

„web services‟ using standardized protocols. The implementation of standardized web 

services enables the creation of service-oriented architecture, defined as “a system based 

on loosely coupled, self contained services that relate producers and consumers of 

information” (Maidment, 2008a).  
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This wealth of information, however, is of little use to individuals beyond those 

collecting the data if it is not formatted and published in a consistent way. Compiling 

hydrologic data often means accessing many web sites, understanding how to complete 

multiple query forms, and learning the controlled vocabularies of each data service in 

order to search for specific concepts. After determining which web sites and data sources 

are useful and downloading the data, the user must then complete the tedious task of 

uniformly formatting the resulting data. These difficulties can be attributed to two forms 

of heterogeneity among observations data: semantic and syntactic. Semantic 

heterogeneity occurs when there are differences among the semantics, or the meaning of 

the language, used to describe observations data. Syntactic heterogeneity refers to the 

differences in formats and locations of data values and associated metadata. According to 

a poll of hydrologists and other hydrologic data users, 36 percent claim to spend more 

than 25 percent of their time acquiring and preparing data (Maidment, 2005). Another 

source claims that more than 70% of scientists‟ time is spent on data discovery, data 

preprocessing, and learning to use software rather than on data analysis (Di, et al., 1999). 

What is necessary, then, is an appropriate framework for organizing and sharing data so 

that semantic and syntactic differences do not prevent datasets and information from 

being used in common analysis. 

One solution to this data puzzle is the development of a Hydrologic Information 

System (HIS). This document focuses on the HIS under development by the Consortium 

of Universities for Advancement of Hydrologic Science, Inc. The CUAHSI-HIS project 

has accomplished „syntactic mediation‟ by developing an eXtensible Markup Language 

(XML), WaterML, to translate various data formats into a single format. What is still 

lacking is „semantic mediation‟, or homogenization of the variables describing the data. 



 

 

4 

This involves organizing data spatially and thematically and providing a consistent 

format for storing and serving metadata so that data discovery is possible.  

This document provides guidance on methods for selecting relevant metadata for 

data discovery as well as methods for storing and organizing that metadata. Several tables 

of metadata describing individual data services are identified as being important to data 

discovery, including Sites, Variables, and SeriesCatalogs tables. By compiling this 

information for each service, the metadata is then available aggregating into tables 

describing multiple data services. Creating combined tables then allows for the selection 

of subsets of metadata based on themes. Data discovery is further enhanced with the use 

of domain metadata. Domain metadata is information that systematically describes a 

knowledge domain, in this case hydrology. By breaking down the hydrosphere into a 

hierarchy of concepts, variables can be associated with overarching themes or leaf 

concepts. The resulting leaf concepts which describe the variables in a hydrologic 

information system can then be used to assist with thematic organization of data layers.  

1.1. USES OF HYDROLOGIC INFORMATION 

Hydrologic information is defined as information that describes or relates to the 

hydrologic cycle. This includes physical, chemical, and biological parameters as well as 

data on nutrients, organics, and inorganics. Hydrologic information is used for 

developing maps, models, forecasts, water rights, management plans, etc. which are then 

used by a wide range of people including academics, business men and women,  

government entities, and private citizens. The spectrum of use indicates the varying levels 

of experience, understanding, and type of data required. For example, a homeowner may 

want to know annual maximum stage in a nearby creek in order to make an assessment of 

the local flood risk. Additionally, a researcher interested in the effect of climate change 
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on precipitation patterns may be interested in accessing multiple precipitation datasets for 

the state of Texas over the last 100 years. Therefore, an HIS must be created in such a 

way that it suits a wide range of applications, meeting the needs of its varied users. 

1.2. HYDROLOGIC INFORMATION SOURCES 

Hydrologic information is collected and compiled by a variety of organizations, 

agencies, and institutions. Since the goal of creating an HIS on any scale is to bring 

together data from a variety of sources, the differences between sources is of concern. 

The following is a brief discussion of data sources currently being provided by the 

CUAHSI-HIS project as well as those being served by the Center for Research in Water 

Resources at the University of Texas. 

The CUAHSI-HIS currently provides access to 34 observation networks using 

WaterOneFlow web services. Combined, these networks included over 1.7 million 

observation sites, mostly from federal data sources such as USGS National Water 

Information System (NWIS), EPA STOrage and RETrieval (STORET), and USDA 

SNOwpack and TELemetry (SNOTEL). In addition to these major federal data sources, 

there are a host of smaller data providers, most often state agencies and universities. A 

list of the publicly available CUAHSI data sources and descriptions can be found at 

http://hiscentral.cuahsi.org/pub_services.aspx.  

http://hiscentral.cuahsi.org/pub_services.aspx
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Figure 1.2 Data services on data.crwr (http://data.crwr.utexas.edu/wsdl.html) 

In addition to the CUAHSI-HIS project, the Center for Research in Water 

Resources (CRWR) has also compiled a set of data sources and made them available 

through web services. This work is being done in support of the creation of a HIS for 

Texas. Currently, CRWR provides access to 11 different dataset in Texas on 

http://data.crwr.utexas.edu/ (see Figure 1.2). 

1.3. SHARING HYDROLOGIC DATA 

Without a common framework for organizing and sharing data, there are a variety 

of different formats users may encounter. Several data providers operate a website with a 

query page or a web viewer. There are several limitations to this approach. First, in order 

to collect similar data from several different sources, a user has to visit each of these 

http://data.crwr.utexas.edu/wsdl.html
http://data.crwr.utexas.edu/
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sites, learn the format of the query form or understand the contents of the viewer. 

Sometimes data seekers have to create a username and password in order to access the 

data. Therefore, collecting data from several different providers leads to a confusing web 

of usernames, formats, queries, and viewers. If the user manages to successfully 

download multiple datasets, there are differences between the formats of the data. This 

includes differences in file type (i.e. ASCII, .xls, .txt) or, within the same file type, format 

of the data itself. For example, a user could download two datasets on a water quality 

parameter such as nitrogen in comma delimited files, however, if the columns are not 

organized identically, the task of reformatting one of the datasets to match the other is a 

time consuming and tedious process.  

The CUAHSI-HIS project has produced several tools which are very efficient at 

overcoming these formatting and source issues. These methods are discussed in greater 

detail later. While there are tools which exist to aid in the harvesting portion of this 

problem, there remains the issue of discovering the datasets which will be relevant. What 

is still necessary is the ability to sort data out spatially and thematically using metadata.  

Metadata is data about data. Also known as ancillary information, it is 

information which describes the dataset in question. In the case of hydrologic 

observations data this includes, but is not limited to, fields such as site name, latitude, 

longitude of a site, the names and units of variables measured, and start and end dates. By 

including this type of information, a user can identify which datasets are useful for their 

analyses. Latitude and longitude can be used to display data collection sites 

geographically on a map or state or county name can be used to filter out interesting data 

locations. 
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Additionally, if variable information is included, data can be sorted and searched 

based on a theme or concept. This relates to the study of the meaning of words, or 

semantics. By applying the principles of web semantics to hydrologic metadata, it is 

possible to add concept search capabilities so that discovery on a thematic level is 

possible. This requires the employment of an ontology. In information science, an 

ontology is the formal representation of the relationship between a set of concepts within 

a domain. By employing the use of an ontology, it is possible to draw relationships 

between properties in that domain. In the realm of hydrologic information, an ontology 

can be constructed around the variables measured by the data providers such that 

reasoning about the concepts can be accomplished. In doing this, it is possible to 

complete thematic searches on datasets. 

The storage and provision of metadata, however, encounters the same problems as 

the storage and provision of the data itself. Without the proper framework in place for 

storing and serving metadata, the process of data discovery becomes just as tedious a 

process as data harvesting without the appropriate tools. Therefore, it is necessary to 

thoughtfully develop a system for storing and serving metadata for the purpose of data 

discovery. 

1.4. OBJECTIVES 

The objective of this thesis is to answer the following questions: 

 What metadata is required for geospatial and thematic searching? 

 How can metadata be extracted from the CUAHSI data services? 

 How can metadata be formatted and stored to aid data discovery? 

 What technology is available for creating and displaying ontologies? 
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 What does a framework for the creation of a regional metadata catalog 

that facilitates data discovery look like? 

 How can these objectives be adapted to a state level system? 

The next chapter of this document provides a technical and literature review. This 

section provides background on the HIS project and the technology utilized by it.  

Chapter three provides a methodology for selecting a relevant set of metadata and 

extracting and formatting that information. The metadata in question is that information 

which describes the data sets which are stored in the Observations Data Model. Additions 

to this metadata which enhance the data discovery capabilities of the extracted tables are 

described. Finally, a method for serving this information using standardized web services 

is explained. 

Chapter four describes the process of building a concept table from the existing 

hydrologic ontology. These concepts are then used in conjunction with the metadata 

described in chapter three to demonstrate data discovery capabilities.  

Chapter five provides some conclusions and recommendations for future work. 

Specifically, comments on the structure of the current hydrologic ontology developed by 

CUAHSI are presented in addition to recommendations on how to improve the list of 

concepts. Based on the work completed during this project, a model of metadata for data 

discovery is recommended. 
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2. Literature and Technology Review 

Implementation of a national HIS depends on modern information technology and 

cyberinfrastructure. In order to fully understand an HIS, it is important to develop a 

background understanding of the underlying technologies. This section briefly reviews 

relevant technologies and components to provide context for a national HIS. 

2.1. SERVICE-ORIENTED ARCHITECTURE 

With the advent of the World Wide Web and recent proliferation of web services, 

service-oriented architecture is becoming the design paradigm. A service-oriented 

architecture (SOA) is a design model which is based on services that communicate via a 

common communications protocol (Erl, 2004). In a design environment where web 

services are used to establish this communications framework, web services become the 

key building block. There are several commonly recognized benefits of SOA, including 

scalability, security, simpler monitoring and auditing, standards reliance, interoperability 

across a range of resources, and plug-and-play interfaces (Maidment, 2008b). In this type 

of programming environment, client applications and backend processing are decoupled. 

This opens service functionality to a variety of clients, for example MATLAB, ArcGIS, 

and Excel, and leads to a better managed, more transparent system (Maidment, 2008b).  

In addition to the benefits of a SOA, services themselves have several unique 

characteristics which make them useful building blocks. Most importantly, services are 

autonomous. Being autonomous, they are responsible for their own domain which limits 

the scope of their function. This results in units of functionality loosely bound by 

compliance to a common communication framework. Since the services contain their 

own programming logic, they do not need to comply with a single platform (Erl, 2004) 
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The most common type of web service is the eXtensible Markup Language 

(XML) web service. There are two fundamental requirements for an XML web service, 

that it communicates via internet protocols and that it sends and receives XML formatted 

documents. Documents are transported using the standardized Simple Object Access 

Protocol (SOAP) (Erl, 2004). 

XML is a markup language which is used to carry data. Like Hypertext Markup 

Language (HTML), which is used to display data on the web and has a set of predefined 

elements, XML is a customized method that transports and stores data whose elements 

must be defined. This characteristic makes XML self descriptive (Erl, 2004). Therefore, 

XML is able to supplement content with descriptive tags for the data and the data‟s 

metadata. This allows for the establishment and use of a standardized vocabulary by 

organizations sharing data providing a level of semantic mediation. For example, in the 

hydrologic sciences, the point at which an observation is made can be called „location‟, 

„site‟, etc, but by creating a controlled vocabulary for XML web services, the location of 

an observation can be definitively referred to as the „site‟ removing semantic ambiguity 

in transmitting data. 

XML web services are described through a stack of documents. This description 

is provided in Web Services Definition Language (WSDL), a W3C specification which 

ensures that all web services are described in a consistent manner. Standardization is 

important so that all web services can be interfaced with other services and applications. 

A service is defined by four constructs: interface, message, service, and binding. The 

interface contains a series of constructs which contain operations. An operation 

represents single action or function which can be performed by the service. Messages 

represent input and output parameters for the operations. The service and binding 
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constructs deal with the concrete definition of the web services and are used to bind an 

abstract to specific protocols, i.e. SOAP and REST (Erl, 2004).  

 

 

Figure 2.1 Relationship between web service specifications 

Simple Object Access Protocol (SOAP) and Representational State Transfer 

(REST) are standardized messaging formats used with XML web services. As shown in 

Figure 2.1, a WSDL is bound to the protocol defined by SOAP (or REST), SOAP enables 

communication between web services, and web services are defined by WSDL. The 

standardization of these languages and protocols is what allows for transmission of data 

over the web in a standardized fashion. By defining and implementing methods and 

formats such as these defined by the W3C, the creation of a SOA, which is built with web 

services, is possible. 

WSDL

SOAP

Web 
Services

describes 

binds to 

enables 

communication 

between 
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2.2. CUAHSI-HIS 

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

is comprised of 122 US universities (see Figure 2.2). Currently, CUAHSI is working to 

create a Hydrologic Information System (HIS) to unite the nation‟s hydrologic 

information. The HIS project is a working example of service-oriented architecture for 

water data. The mission of the CUAHSI-HIS project is to “enhance hydrologic science by 

facilitating user access to more and better data for testing hypotheses and analyzing 

hydrologic processes” (CUAHSI, 2009). The formal goals of CUAHSI-HIS are to “unite 

the nation‟s water information, to make it universally accessible and useful, and to 

provide access to the data sources, tools and models that enable the synthesis, 

visualization and evaluation of the behavior of hydrologic systems” (CUAHSI, 2009). 

Three definitive project components can be derived from these goals: creation of a 

national cyber-information system for sharing hydrologic data, research into hydrologic 

information science, and support for the hydrologic information community. 

 

Figure 2.2 Locations of the 122 universities which are members of CUAHSI (Maidment, 

2008b) 
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The CUAHSI-HIS is a network of hydrologic data sources (see Figure 2.3) and 

functions which operate as a connected whole using internet software. The components 

of the HIS, data servers and client software, are used for data publication, sharing, 

visualization, and analysis (CUAHSI, 2009). 

 

Figure 2.3 Network of hydrologic information servers in HIS (CUAHSI, 2009) 

2.2.1. Observations Data Model 

To accomplish the goals of storing, synthesizing and providing access to 

hydrologic information, a method for storing data in a systematic way must be 

established. The Observations Data Model (ODM) is a relational model used for storing 

time series point observations. It facilitates publishing, querying, retrieval, and analysis 

(Horsburg, et al., 2008). More specifically, the ODM is a “relational database structure 

comprising of a set of standard data tables linked by associations or relationships between 
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key fields in pairs of tables, that are collectively sufficient to stores small or large sets of 

observed data” (Maidment, 2008a). The ODM provides a standard method for storing 

observations data from an array of water resources disciplines such as hydrology, 

meteorology, and environmental engineering, which accommodates a multitude of 

variables.  

While observations values themselves are very important, they have little 

meaning without accompanying metadata to describe them. According to Gray et al 

(2005), observations data require metadata to describe measurement attributes, variable 

and sites names, data precision and accuracy, data layout, and the lineage describing how 

the data was measured, acquired, or computed.  

 

Table 2.1 Observations Data Model attributes associated with an observation (Horsburg, 

et al., 2008) 

Attribute Definition 

Value The observation value itself 

Accuracy 
Quantification of the measurement accuracy associated with the 

observation value 

Date and Time 
The date and time of the observation (including time zone offset 

relative to UTC and daylight savings time factor) 

Variable Name 
The name of the physical, chemical, or biological quantity that the 

value represents (e.g. streamflow, precipitation, water quality) 

Location 
The location at which the observation was made (e.g. latitude and 

longitude) 

Units  
The units (e.g. m or m3/s) and unit type (e.g. length or volume/time) 

associated with the variable 

Interval  

The interval over which each observation was collected or implicitly 

averaged by the measurement method and whether the observations 

are regularly recorded on that interval 

Offset  
Distance from a reference point to the location at which the 

observation was made (e.g., 5 m below water surface) 
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Offset 

Type/Referenc

e Point 

The reference point from which the offset to the measurement 

location was measured (e.g., water surface, stream bank, snow 

surface) 

Data Type  
An indication of the kind of quantity being measured (e.g., an 

instantaneous or cumulative measurement) 

Organization  The organization or entity providing the measurement 

Censoring  An indication of whether the observation is censored or not 

Data 

Qualifying 

Comments 

Comments accompanying the data that can affect the way the data is 

used or interpreted (e.g., holding time exceeded, sample 

contaminated, provisional data subject to change, etc.) 

Analysis 

Procedure  

An indication of what method was used to collect the observation 

(e.g., dissolved oxygen by field probe or dissolved oxygen by 

Winkler Titration) 

Source  
Information on the original source of the observation (e.g. from a 

specific instrument or investigator third-party database) 

Sample 

Medium  

The medium in which the sample was collected (e.g., water, air, 

sediment, etc.) 

Quality 

Control Level  

An indication of the level of quality control the data has been 

subjected to (e.g., raw data, checked data, derived data) 

Value 

Category  

An indication of whether the value represents an actual measurement, 

a calculated value, or is the result of a model simulation 

There are several fundamental characteristics which identify observations data 

including location, date and time, and variable measured (Maidment, 2008b). In addition 

to these key identifying attributes, there are many others which are useful for data 

interpretation, including methods, quality control, source, etc. For a full list of the 

attributes associated with observations in the ODM see Table 2.1. In the ODM, this 

metadata is stored in a series of tables linked by relationships as shown in Figure 2.4. 

Each table is related to another through primary and foreign key relationships, the 

cardinality of which is represented by the direction of the arrow. The data values are at 

the center of the diagram and linked to all the surrounding tables so as to avoid 

redundancy. The ODM overcomes syntactic heterogeneity by providing a common 

format for all observations, regardless of original file type and format, and their 
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associated metadata. Several tools have been created for loading data into the ODM as 

well as analyzing data stored within the model. For example WaterOneFlow web services 

and ODM tools were designed to extract data from the ODM (Horsburg, 2008).
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Figure 2.4 ODM version 1.1 schema diagram (CUAHSI, 2009) 
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2.2.2. WaterML and WaterOneFlow Web Services 

Hydrologic observations are communicated over the web using WaterML, a 

specialization of XML. WaterML is used to define the WaterOneFlow web services. 

These services form the core of the HIS service-oriented architecture for water 

information. WaterOneFlow web services provide uniform access to data stored in the 

ODM and select public agency databases using SOAP.  

 

 

Figure 2.5 Data transformations that take place inside CUAHSI-HIS web service 

(Maidment, 2008b) 

Figure 2.5 shows the data transformations and operations performed when a 

WaterOneFlow web service access a data source. The client makes standard requests 

according to the WSDL of the web service, which is translated into the request of the data 

repository. The data is then transferred into WaterML and returned to the client. The four 

operations supported by the WaterOneFlow web services are GetSites, GetSiteInfo, 
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GetVariableInfo, and GetValues. The first three of these operations return metadata while 

the last operation returns the observations data themselves.  

The GetSites operation returns a list of measurement sites in the requested 

network. GetSiteInfo returns detailed site metadata, including the set of variables 

measured at that particular site as well as the period of record and count of available 

values for each variable. GetVariableInfo returns metadata describing each variable. This 

includes information such as the variable name, units of measurement, a variable code, 

etc. Lastly, GetValues returns a series of values of a variable measured at a given site 

between a given start date and time and an end start date and time. WaterML was 

designed to capture the semantics of hydrologic observations discovery and retrieval and 

to express the ODM as an XML schema (Maidment, 2008b). Data requested using these 

operations are always returned using WaterML, thus the data is always formatted in a 

standard way and uniformity and scalability are accomplished. Formal specification of 

WaterML is available at www.opengeospatial.org/standards/dp.  

2.3. OPEN GEOSPATIAL CONSORTIUM 

The Open Geospatial Consortium, Inc (OGC) is an international industry 

consortium of over 300 companies, government agencies, and universities which are 

collectively developing publicly available interface specifications. The goal is to „geo-

enable‟ the web with interoperable solutions, making complex spatial information and 

services accessible and useful to a wide array of applications (2009). The OGC has 

created specifications for a series of web services using an XML referred to as 

Geographic Markup Language (GML). GML is capable of transport and storage of 

geographic information, including both spatial and non-spatial properties of geographic 

features.  

http://www.opengeospatial.org/standards/dp
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2.3.1. Geographic Markup Language 

GML was developed with several explicit design goals, a few of which overlap 

with the objectives of XML itself. Those goals are as follows (OGC, 2002): 

- Provide a means for encoding spatial information both for data transport and 

storage 

- Support a wide a ray of spatial tasks, from portrayal to analysis 

- Establish the foundation for Internet GIS in an incremental and modular 

fashion 

- Allow for the efficient encoding of geo-spatial geometry (i.e. data 

compression) 

- Provide easy-to-understand encodings of spatial information and spatial 

relationships 

- Be able to separate spatial and non-spatial content from data presentation 

- Permit the easy integration of spatial and non-spatial data, especially for cases 

in which the non-spatial data is XML encoded 

- Be able to readily link spatial elements to other spatial or non-spatial elements 

- Provide a set of common geographic modeling objects to enable 

interoperability of independently developed applications 

For more information on GML, see http://www.opengeospatial.org/standards/gml. 

2.3.2. OGC Web Services 

There are currently three web services defined in GML by the OGC: web map 

service (WMS), web feature service (WFS), and web coverage service (WCS). These 

services are used to display and convey information about map images, features, and 

coverages respectively. The OGC web services represent a standards based framework 

http://www.opengeospatial.org/standards/gml
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for integrating a variety of online geoprocessing and location services to provide a 

platform independent, interoperable framework for web-based discovery, access, 

integration, analysis, exploitation, and visualization of multiple online geodata sources, 

sensor-derived information, and geoprocessing capabilities (Doyle, et al., 2001).  

A Web Map Service (WMS) produces maps, or visual representation, of geo-

referenced data. This web service has three defined operations: GetCapabilities, GetMap, 

and GetFeatureInfo. GetCapabilities returns a description of the service‟s information 

content and acceptable request parameters. The GetMap operation returns a map with 

well defined geospatial and dimensional parameters. Information about particular map 

features is returned with the GetFeatureInfo operation (OGC, 2006). A WMS provides a 

static map graphic with associated metadata, but this information cannot be updated or 

operated on as with a WFS. An example of a map image is shown in Figure 2.6 below. 

For more information about WMS specifications, see 

http://www.opengeopstial.org/standards/wms.  

 

 

Figure 2.6 Map image of the observation sites in Texas 

http://www.opengeopstial.org/standards/wms


 

 

23 

OGC Web Feature Services (WFS) allow clients to retrieve and update geospatial 

data encoded in GML. A geographic feature is defined as a feature that may have at least 

one geometric-valued property, indicating that a feature can have no geometric properties 

at all. Features are limited to simple geometries, i.e. points, lines, and polygons (OGC, 

2005). Figure 2.7 shows an example of polygon features, the state of Texas and HUC 

region 12 watersheds. For more information about WFS specifications, see 

http://www.opengeopstial.org/standards/wfs.  

 

Figure 2.7 Example of polygon and line features 

The OGC Web Coverage Service (WCS) allows for retrieval of digital geospatial 

information representing space varying phenomena, known as coverages. A WCS 

http://www.opengeopstial.org/standards/wfs
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provides access to geospatial information which is useful for rendering and modeling. 

Like the WMS and WFS, the WCS can be queried spatially. However, unlike the WMS, 

a WCS provides access to the data as well as its metadata so that information can be 

interpreted, extracted, and operated on rather than just portrayed. Additionally, unlike the 

WFS, the WCS is capable of returning geospatial information which relates a spatio-

temporal domain to a range of properties. Therefore, a WCS can retrieve four 

dimensional information, that which varies in space, time, and variable (OGC, 2008). An 

example of a coverage is shown in Figure 2.8. For more information about WCS 

specifications, see http://www.opengeopstial.org/standards/wcs.  

 

 

Figure 2.8 Nexrad rainfall data as coverage 

2.4. ONTOLOGY 

As previously noted, a standardized relational model for storing observations data 

overcomes the problem of multiple formats, or syntactic heterogeneity. However, there 

also exists semantic heterogeneity. Semantic refers to the meaning of words; therefore 

semantic heterogeneity is the lack of uniformity in the naming of fields. Some of this 

http://www.opengeopstial.org/standards/wcs
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semantic heterogeneity is overcome through the use of a controlled vocabulary when 

implementing a relational model, but semantic heterogeneity also manifests itself in 

naming conventions. This is especially relevant for the naming of variables. 

There are several types of semantic heterogeneity: synonymy, hyponymy, and 

polysemy. Synonymy refers to the situation where two words have identical or similar 

meanings. For example, „gage height‟, „stage‟, „stage height‟, and „water level‟ all refer 

to water levels. Hyponymy refers to words whose meaning is included in that of another 

word. For example, „groundwater level‟, „stage height‟, and „reservoir level‟ are all more 

specific examples of „water level‟. Lastly, polysemy refers to the situation where one 

word has multiple meanings (Piasecki, 2008). An example of this is „stage‟, which can 

refer to the water resources concept of water level or a distinct time period in a sequence 

of events or the surface on which performances are completed, to name a few. When 

designing an HIS searching for relevant data requires overcoming differences in naming 

conventions.  

Ontology is defined in the artificial intelligence realm as “explicit specification of 

conceptualizations” (Gruber, 1993), being derived from philosophy as a reference to the 

nature and organization of reality. That is to say that a specific domain can be broken 

down systematically and represented in a simplified, abstract way, such as a hierarchy of 

concepts.  

Ontology aided search engines are emerging in a number of fields including 

computer and information science, medicine, and geosciences (Beran, et al., 2008). In 

medicine, search engine capabilities have been added to large repositories such as the 

Gene Ontology Annotation (GOA), Database and GenBank through the use of controlled 

vocabularies such as Gene Ontology (GO) and Unified Medical Language System 
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(UMLS). Ontologies are also being used by the Virtual Solar-Terrestrial Observatory to 

search for upper atmospheric terrestrial physics and solar physical datasets (Beran, et al., 

2008).  

An ontology is composed of formal axioms which describe concepts, individuals, 

and the relationships between them. The W3C has created a standard semantic markup 

language for publishing and sharing ontologies on the web called Web Ontology 

Language (OWL) (Zhao, et al., 2008). The specifications for OWL can be found on the 

W3C website at http://www.w3.org/TR/owl-ref. There are several different software 

programs that exist for creating and editing owl files. Protégé and Altova Semantic 

Works are two examples of these.  

The CUAHSI-HIS project has produced a hydrologic ontology to describe the 

concepts within this domain. Currently the ontology has about 250 leaf concepts to which 

over 1000 parameters are mapped. The layered ontology model used in the CUAHSI-HIS 

project is shown in Figure 2.9. 

http://www.w3.org/TR/owl-ref
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Figure 2.9 Layered ontology model (Piasecki, 2008) 

As can be seen, the ontology model is a hierarchy of concepts starting at the top 

with the broadest, „hydrosphere‟, and gradually becoming more refined towards the 

bottom where we find individual concepts such as „nitrate‟ or „ammonia‟. The top tier is 

the navigation layer. This layer provides structure to the ontology, but the terms 

contained in here are too broad to be searched on since a search would return an 

overwhelming number of results. The next tier, the compound layer, can be searched on 

to discover broader concepts, such as „nutrients‟ in the example above. The core/leaf is 

the most detailed layer of the ontology, containing the individual concepts which are 

mapped to the variables themselves.  
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Figure 2.10 Hydrologic ontology in StarTree viewer 

The ontology implemented in the CUAHSI-HIS project is communicated through 

the use of OWL files. Visualizing the relationship between concepts in this format is 

quite difficult, therefore a number of visualization tools have been put to use. One such 

tool is the StarTree hyperbolic viewer (Figure 2.10). This physical representation of the 

conceptual ontology makes traversing the relationships built into the ontology simple. 

This viewer essentially maps out a single path for each ontological concept, making it a 

strictly hierarchical expression of the more complex underlying ontology. This type of 

physical representation cannot display the complex underlying relationships, such as 

multiple parent situations, therefore is not an ideal representation of the current 
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hydrologic ontology. Because of this, the StarTree cannot be created from an OWL file, 

and therefore other representations of the ontology or additional code for translating the 

OWL files must be created in order to visualize it in this manner (Piasecki, 2008). Since 

community input is necessary when building a national HIS which is meant to serve a 

variety of users in several similar but separate domains, providing access to the ontology 

in a fashion that is decipherable, such as the StarTree, is important. 

2.5. HYDROTAGGER 

HydroTagger is an application which was developed to aid in the tagging of 

variables returned by WaterOneFlow web services with concepts in the hydrologic 

ontology. Tagging variables with concepts is an integral step towards adding search 

capabilities based on concept keywords. Users can map variables contained in an 

observations dataset to concepts in the existing hydrologic ontology, which was presented 

in the previous section. Not only does HydroTagger exist to support variable tagging, but 

also allows users to suggest new concepts at the leaf level in the event that an appropriate 

leaf concept does not exist in the existing ontology. This is important to avoid forcing 

data publishers into mapping variables to concepts that do not fit well, as well as for 

expanding the ontology (Piasecki, 2008). 
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Figure 2.11 HydroTagger application interface 

Figure 2.11 above is a screen shot of the HydroTagger application. As previously 

discussed, the StarTree viewer, shown in the top portion of the HydroTagger window, is 

used to visualize the ontology in a strict hierarchical fashion. The panel on the bottom left 

displays the variable name and the sample medium in which the data was collected. 

These two fields are simply used for identification purposes and are not included in the 

mapping.  

HydroTagger works with a Catalog Harvester program which identifies when new 

variables have been added to an ODM Database. The harvester program trawls through a 

list of specified WaterOneFlow web services and searches for changes to the databases 

underlying the web services. This is a stand alone program which can be scheduled to run 

at any desired interval. New variables are identified using standard WaterOneFlow 

operations such as „GetVariables‟. Since the HydroTagger application was designed to 

work with WaterOneFlow services which operate on the ODM, the database model has 

been modified to keep track of untagged variables. More specifically, several tables have 
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been created for this purpose, including NonTaggedVariables, ApprovedMappings, 

MappingsPending, and FrequentUpdates. The NonTaggedVariables table contains a list 

of all the variable codes which have not been tagged. The ApprovedMappings table 

contains all the variable codes that have been mapped and their respective concept 

mappings, as well as the person who approved the mapping, when it was completed, and 

the version of the ontology the mapping was made to. The MappingsPending table 

contains all new concept suggestions in the event that an appropriate concept does not 

exist in the current version of the ontology. Additionally, information on when and by 

whom the concept suggestion was made as well as the date and description of the new 

concept are stored in this table. Lastly, the FrequentUpdate table contains information 

about the web services which are to be frequently investigated by the Catalog Harvester 

program (Piasecki, 2008). This application is still under development. For the most up to 

date information about HydroTagger, please visit http://his.cuahsi.org/hydrotagger.html.  

 

  

http://his.cuahsi.org/hydrotagger.html
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3. Geospatial Metadata 

This chapter provides a method for selecting, extracting, organizing, and storing 

metadata for data discovery and creation of a metadata catalog. There are two types of 

metadata which are integral to the process of data discovery. The first is service level 

metadata, information which describes individual data services. This metadata can be 

used to explain a single data service. The other type of metadata describes properties of 

multiple data services. An example of this is an ontology which has concepts mapped to 

variables. However, before developing this metadata, it is important first to understand 

the HIS model and how metadata fits in to it.  

3.1. HIS MODEL 

The HIS model has four major components, including HIS Server, HIS Central, 

HIS Registry, and HIS Desktop (see Figure 3.1). These components work together to host 

data and facilitate data discovery in the HIS. 
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Figure 3.1 HIS Model 

The HIS Servers are computer servers that exist to store, publish, and analyze 

observations data through the use of databases, web services, tools, and front-end 

applications.  In the case of the CUAHSI-HIS project, the ODM and associated tools for 

loading and analyzing data are components of an HIS Server. Data is published to a 

database, the ODM in this case, and served through the use of WaterML and 

WaterOneFlow web services. Servers are designed such that they can exist at several 

different locations and be controlled locally, yet participate in a distributed system 

through the implementation of HIS Central.  
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HIS Central provides a series of services which bind all the components of the 

HIS together. Though it is composed of numerous servers, it functions as a single entity. 

The functions of HIS Central are distributed over a number of machines to ease the load 

on any single machine and to enhance reliability by providing redundancy. HIS Central 

has several components, including data storage, web services, web applications, and 

client applications (CUAHSI, 2009).  

The HIS Registry allows for data services exploration. A registry, which can also 

be considered a metadata catalog, provides storage for the metadata of all the registered 

services as well as a location for a listing of metadata services when they exist. This 

permits querying of metadata for the purpose of data discovery. When metadata is 

provided through the use of web services, the metadata can be hosted in several different 

locations. But with the use of a registry, metadata web services can be amassed into one 

location to facilitate discovery. 

Lastly, HIS Desktop provides an interface for data discovery and access. A 

desktop application provides a user friendly interface for metadata and data through the 

use of web services. HIS Desktop obtains a list of services from the registry and retrieves 

data from the HIS Server, seamlessly integrating all HIS components. 

3.2. SELECTING RELEVANT SERVICE LEVEL METADATA 

Before a metadata catalog can be built, it is first important to identify the service 

level metadata which is useful in data discovery. The ODM created for and used by 

CUAHSI-HIS thoughtfully organizes metadata required to fully describe observations 

data. Obviously providing all the metadata associated with an observation is a valid and 

useful option. However, if a use case requires only searching based on geographic 

location or variable concept alone, including all the metadata tables with each value is not 
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necessary and could in fact prove to be cumbersome. Therefore, three different tables of 

metadata are suggested. The type of metadata provided in each table is based on the 

WaterOneFlow web service operations, especially as they deliver information to the tool 

used to extract the metadata, HydroExcel, which will be describe in a later section. 

3.2.1. Series Catalog 

The SeriesCatalog provides the most detailed set of metadata describing 

observations data. This catalog of metadata is the result of running the WaterOneFlow 

operation „GetSiteInfo‟ for a list of observation sites. SeriesCatalogs can be created for a 

single data service and therefore contain a detailed description of each variable measured 

at each site within that service. The fields and descriptions of the metadata included in a 

SeriesCatalog are provided in Table 3.1 below.  

Table 3.1 SeriesCatalog metadata fields and descriptions 

Field Description Data Type 

SiteCode Unique identifier that each site is referred to as String 

SiteName Name of the site at which the observation was made String 

State State in which the observation was made String 

County County in which the observation was made String 

Latitude Latitude at which the observation was made Double 

Longitude Longitude at which the observation was made Double 

VarCode Unique identifier that each variable is referred to as String 

ValueCount Numerical count of values observed Long 

StartDate Date and time of the first observation in the dataset Date 

EndDate Date and time of the last observation in the dataset Date 

VarName 
Name of the quantity that the observation value 

represents 
String 

Units Variable unit of measure String 

NoData 
Indicates the value used to represent no measured data 

value 
Long 

IsRegular 
Indicates if the time spacing is regular with ‘True’ or 

‘False’ 
String 
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TimeUnits Time unit of measure String 

TimeSupp 
Element containing the time support or temporal 

footprint of the data value 
Long 

ValueType 
Text value indicating what type of data value is being 

recorded 
String 

DataType 
Indication of the kind of quantity being measured (e.g. 

instantaneous, continuous, average, etc.) 
String 

GenCat 
Category of observation (e.g. Water Quality, Climate, 

Hydrology, Geology, etc.) 
String 

SampleMed 
The medium in which the sample was collected (e.g. 

water, air, sediment, etc.) 
String 

Method 
Information about physical samples analyzed in a 

laboratory 
String 

QualLevel 
Code used to identify the level of quality control to 

which data values have been subjected 
Long 

SourceName The organization or entity providing the measurement String 

SourceDesc Information on the original source of the observation String 

 

As it is, the SeriesCatalog contains the information necessary for selecting data 

based on spatial criteria (latitude and longitude, site name and code, etc), temporal 

criteria (start and end date and time), data density (value count), and thematic criteria 

(variable name, units, etc) for a single data service. This set of metadata could be further 

enhanced with the addition of the WSDL for access to the data values. Also concepts 

could be added, which, when mapped variables are linked to the hydrologic ontology, 

provides the relationship necessary for searching based on a concept. With these 

modifications to the SeriesCatalog, each data series within the table are completely 

defined. Therefore, data can be discovered based on the criteria mentioned above as well 

as concepts, then harvested using the WSDL.  
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3.2.2. Variables 

The Variables metadata is a list of variables and associated metadata available for 

a given web service. This list is compiled by running the WaterOneFlow operation 

„GetVariableInfo‟. The metadata fields and descriptions are shown in Table 3.2. 

Table 3.2 Variable metadata fields and descriptions 

Field Description Data Type 

VarCode Unique public identifier for each variable String 

ValueCount Numerical count of values observed Long 

StartDate 
Date and time of the first observation in the 

dataset 
Date 

EndDate 
Date and time of the last observation in the 

dataset 
Date 

VarName 
Name of the quantity that the observation value 

represents 
String 

Units Variable unit of measure String 

NoData 
Indicates the value used to represent no 

measured data value 
Long 

IsRegular 
Indicates if the time spacing is regular with 

‘True’ or ‘False’ 
String 

TimeUnits Time unit of measure String 

TimeSupp 
Element containing the time support or temporal 

footprint of the data value 
Long 

ValueType 
Text value indicating what type of data value is 

being recorded 
String 

3.2.3. Sites 

Each data service providing observations data is composed of a series of sites 

collecting data. Therefore, a Sites table contains a list of all the sites within an 

observations network as well as the associated descriptive metadata. This metadata is 

obtained by running the WaterOneFlow operation „GetSites‟. The metadata fields and 

descriptions returned by this operation are shown in Table 3.3. 
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Table 3.3 Sites metadata fields and descriptions 

Field Description Data Type 

SiteCode Unique identifier that each site is referred to as String 

SiteName Name of the site at which the observation was made String 

State State in which the observation was made String 

County County in which the observation was made String 

Latitude Latitude at which the observation was made Double 

Longitude Longitude at which the observation was made Double 

The Sites table is a complete listing of all the sites and associated site metadata 

within a dataset. Similarly, the Variables table is a complete listing of all the variables 

and associated variable metadata within a dataset. The SeriesCatalog, however, contains a 

field for both „site‟ and „variable‟, and therefore each entry in the SeriesCatalog table is a 

unique combination of sites and variables measured at each site. Together, these three 

tables of metadata represent an observations data service, providing a fully descriptive set 

of data with the SeriesCatalog, as well as lighter weight sets of metadata for quick 

searching based on either location (Sites) or concepts (Variables).  
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 Figure 3.2 Relationship between three metadata tables 

3.3. SELECTING DATA SERVICES 

Extracting and storing the metadata described in the previous section requires 

selecting a set of representative data services. The data services used must meet some 

minimum criteria with regards to data quality and reliability. Therefore, based on 

performance standards generated for all of the CUAHSI-HIS WaterOneFlow web 

services, 24 data services were selected to collect metadata as a proof of concept in this 
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document. This includes national, state, and academic datasets, all of which are listed and 

described below in Table 3.4 and Table 3.5.  

 

Table 3.4 National Datasets 

Organization Dataset Description 

US Geological 

Survey 

National Water 

Information 

System (NWIS) 

USGS NWIS provides access to more than 1.4 

million sites measuring streamflow, 

groundwater levels, and water quality. For 

more information about NWIS see 

http://waterdata.usgs.gov/nwis 

US Department of 

Agriculture (USDA) 

Natural Resources 

Conservation 

Service (NRCS) 

National Water and 

Climate Center 

SNOwpack and 

TELemetry 

(SNOTEL) 

Snowpack and Telemetry related climate data 

from the western United States. For more 

information see 

http://www.wcc.nrcs.usda.gov/snow/ 

National Climatic 

Data Center (NCDC) 

NCDC 

Integrated 

Surface Hourly 

(ISH) 

ISH is a worldwide database of hourly and 

synoptic data, derived from TD9956 

(DATSAV3 global hourly), TD3280 (US 

hourly), and TD3240 (US hourly 

precipitation). For more information, see 

http://www.ncdc.noaa.gov/oa/climate/surfacein

ventories.html 

 

Table 3.5 Academic and State Datasets 

Organization Dataset Description 

Corpus Christi Bay 

Observatory 

CC Bay 

Hypoxia 

Corpus Christi Bay physical and chemical 

observations. 

Idaho Waters 

Dry Creek 

Experimental 

Watershed 

Geochemistry, groundwater recharge, 

infiltration, basin precipitation processing, soil 

water distribution, streamflow generation, and 

runoff data for eight sites near Boise Idaho. 

University of Iowa Nexrad Nexrad data from the University of Iowa. 
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University of Iowa 

IIHR Tipping 

Bucket 

University of Iowa Hydraulic Research tipping 

bucket rain gauge calibrator. 

University of Iowa 

IIHR Water 

Quality 

University of Iowa Hydraulic Research water 

quality data. 

San Diego River 

Park Foundation SD-RPF Meteorology and hydrology observations. 

Suwannee River 

Water Management 

District (SRWMD) 

Groundwater 

levels  

Groundwater level (GWL) records for 1,089 

wells. The majority of these wells are only 

measured during record high or low periods 

and 396 wells are inactive. Monthly 

measurement of 181 wells; of these, 77 have 

continuous records. 

Texas Commission 

on Environmental 

Quality (TCEQ) 

Regulatory 

Activities and 

Compliance 

System 

(TRACS) 

TCEQ Regulatory Activities and Compliance 

System database. 

University of Florida 

Water Institute 

WATERS Test 

Bed Project 

(YSI) 

Data from nitrate sensor: YSI 9600 Nitrate 

Monitor allows a user to continuously record 

nitrate levels at a variable sample interval and 

providing improved detection of nitrate 

dynamics by grab sampling. 

Florida Department 

of Environmental 

Protection 

Florida 

STORET 

Nitrite Nitrate, Nitrate, and TP data from 

FDEP. 

University of Florida 

Water Institute 

In-Situ 

Ultraviolet 

Spectrometer 

(ISUS) 

In-Situ Ultraviolet Spectrometer (ISUS) 

measurements of in-situ dissolved chemical 

species 

University of Florida 

Water Institute 

USGS 

Groundwater 

Level Data 

(GWLUSGS) 

Water levels above NGVD29 obtained from 

USGS for Santa Fe basin in Florida. 

University of Florida 

Water Institute Microwavecitra 

Detailed water energy balance measurements 

for the Santa Fe basin in Florida. 

University of 

Maryland 

Baltimore 

WATERS Test 

Bed 

Groundwater 

Groundwater Level data from the Baltimore 

WATERS test bed. 

University of 

Maryland 

Baltimore 

WATERS 

Tipping bucket rain gauge data from the 

Baltimore WATERS test bed. 
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Tipping Bucket 

University of 

Maryland 

Baltimore 

Ecosystem 

Study Stream 

Chemistry 

Stream chemistry data from the Baltimore 

Ecosystem Study. 

University of 

Maryland 

Baltimore 

Ecosystem 

Study Soils 

Soils data from the Baltimore Ecosystem 

Study. 

University of 

Montana Snow 

Crown of the Continent Observatory Snow 

Data. 

University of North 

Carolina MODMON 

Neuse River Estuary Modeling and Monitoring 

Project. 

Utah State 

University 

Little Bear 

River WATERS 

Test Bed 

Continuous water quality monitoring of the 

Little bear River. 

Utah State 

University Mud Lake 

Continuous water quality monitoring to 

investigate the sediment and nutrient budget of 

Mud Lake within the Bear Lake National 

Wildlife Refuge, Idaho. 

 

These datasets represent a range of data providers from small and large 

universities, state agencies, and national agencies. Additionally, these datasets are both 

small, containing as few as one observation site, to large, such as the USGS which has 

over 1.4 million monitoring points in the nation. These datasets also represent the wide 

range of hydrologic variables collected, including water quality parameters such as 

nutrient and pollutant concentrations, physical parameters such as precipitation, 

streamflow, and temperature, and information, such as instrumentation battery voltage. 

Overall, these 24 datasets represent the range of observations data collected in the 

hydrologic domain well. 
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3.4. METADATA EXTRACTION 

While CUAHSI WaterOneFlow web services provide access to data values and 

metadata through standardized, automated queries, the WaterML file returned from web 

service call is designed for interpretation by computers, not people. For this reason 

extensions to applications commonly used in the scientific community have been created 

to connect those applications to the water data services. One such extension is 

HydroExcel, an application programmed within Microsoft Excel. HydroExcel uses 

macros and an object library called HydroObjects to dynamically connect to 

WaterOneFlow web services and download observations data and metadata.  

HydroExcel contains nine worksheets, six of which provide access to 

WaterOneFlow web services. Each of these six worksheets accesses a specific kind of 

data. For example, Figure 3.3 shows the results of „GetVariables‟ operation in the 

„Variables‟ worksheet of HydroExcel. The other three worksheets provide an 

introduction, information on data services, and a pivot table for summarizing times series 

data respectively. 

 

 

Figure 3.3 Sites table downloaded in HydroExcel 
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Having selected a verified set of data sources, the Sites, Variables and 

SeriesCatalog tables can be extracted from each dataset using WaterOneFlow web 

services in conjunction with the HydroExcel application. Three different WaterOneFlow 

operations were employed to download the metadata: „GetSites‟, „GetVariables‟, and 

„GetSiteInfo‟, using three of the HydroExcel worksheets: Sites, Variables, and Site 

Catalog. The „Sites‟ worksheet has a button which initiates the call to the web service and 

runs the „GetSites‟ operation. The result is the metadata described in Table 3.3 which is 

also shown above in Figure 3.3. The „Variables‟ worksheet similarly calls the 

„GetVariables‟ operation, returning the variables metadata described in Table 3.2. And 

lastly, the „Site Catalog‟ worksheet initiates the „GetSiteInfo‟ operation. The 

„GetSiteInfo‟ call returns all the metadata described in Table 3.1, therefore, the 

SeriesCatalog metadata is a compilation of „SiteInfo‟ calls for a list of sites. The list of 

sites can either be retrieved from the sites worksheet if the list of sites has been 

downloaded previously or directly from the web service. Instructions for using 

HydroExcel along with HydroObjects and the most recent version of the spreadsheet are 

available on the CUAHSI-HIS website at http://his.cuahsi.org/hydroexcel.html.  

3.5. COMPILING AND STORING METADATA 

Once metadata is extracted using HydroExcel as described above, it is important 

to store that data thoughtfully so that it is accessible for data discovery later on. 

Considering the tabular format which is encountered throughout the CUAHSI-HIS 

project, it is useful to store the metadata in a similar fashion. For this reason, the 

extracted metadata is stored in comma separated values (csv) files. By storing metadata in 

csv files, it becomes platform independent, is easily translated into a tabular format, and 

can be ingested into a number of software programs including Excel, ArcGIS, and 

http://his.cuahsi.org/hydroexcel.html
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MATLAB.  For example, a csv file type can be imported into ArcGIS just as any table 

can be by adding data to the active frame.  

Since the data is already in an Excel spreadsheet from executing WaterOneFlow 

operations in Excel using the HydroExcel application, creating a csv is simple. The 

downloaded metadata along with the column headings describing the metadata fields can 

simply be copied and pasted into a new Excel workbook. This file can then be saved as a 

csv file type. Naming conventions for the individual files are important to consider when 

collecting large amounts of data. For this specific application, each file is named 

according to the agency collecting the data and the dataset, and contains either „sites‟, 

„catalog‟, or „variables‟ to differentiate between the files. This allows each metadata table 

to be unambiguously identified. The process of running HydroExcel, copy and pasting 

the results, naming the file accordingly, and saving as a csv can be executed repeatedly. 

The process results in a series of metadata tables which can then be compiled into a 

metadata catalog. 

An important consideration is the field name and format for each piece of 

metadata. Some programs frequently used by hydrologists have restraints on field 

formats. For example ESRI shapefiles and feature classes cannot handle field names with 

spaces or those longer than 10 characters. For this reason, ensuring that metadata tables 

are easily ingested and manipulated in programs as such requires modifying the field 

names. Since ArcGIS shapefiles are so commonly used in the field, the 10 character 

convention for naming fields will be used in this methodology. Where needed, the field 

names for the metadata extracted using WaterOneFlow web services were modified to 

remove spaces and maintain a 10 character maximum. Additionally, the format of the 
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metadata itself is important. The modified field names as well as the format of the 

metadata are provided in Table 3.6.  

Table 3.6 Original and modified metadata field names and formats 

Old Field Name New Field Name Format 

Site Code SiteCode String 

Site Name SiteName String 

State State String 

County County String 

Latitude Latitude Double 

Longitude Longitude Double 

Variable Code VarCode String 

Value Count ValueCount Long 

Start Date StartDate Date 

End Date EndDate Date 

Variable Name VarName String 

Units Units String 

No Data Value NoData Long 

Is Regular IsRegular String 

Time Units TimeUnits String 

Time Support TimeSupp Long 

Value Type ValueType String 

Data Type DataType String 

General Category GenCat String 

Sample Medium SampleMed String 

Method Method String 

Quality Control Level QualLevel Long 

Organization SourceName String 

Source Description SourceDesc String 

 

To ensure consistency from dataset to dataset, a template with the correct column 

headings was created so that each time the metadata was inserted into a new worksheet 

from the HydroExcel worksheet and saved as a csv, the correct field names were already 
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in place. The result is a set of three tables containing all the sites, catalog, and variables 

metadata described previously as shown in Figure 3.4. 

 

 

Figure 3.4 Dry Creek Experimental Watershed example of metadata tables 

Organizing this metadata is also of great concern. There are two organizational 

schemas which can be implemented. One schema is to organize the service level 

metadata according to the data service which it describes. Therefore, each service has a 

file folder which contains three csv files: SeriesCatalog, Variables, and Sites. This 

schema is useful for creating a WFS for each individual service because all the data is in 

one location and can be imported in to a program such as ArcGIS quickly and easily. The 

methodology for creating and publishing a WFS is presented later in this document. The 

second schema involves creating one directory for each respective type of metadata: 

Sites, Variables, and SeriesCatalog. Within each directory there is one files of that type 

for each network. This type of organization is useful for aggregating metadata tables into 

thematic and spatially organized layers, as will be discussed later in this document.  
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3.6. METADATA MODEL 

The metadata described in the previous sections includes three distinct tables: 

Sites, Variables, and SeriesCatalog. The Sites and Variables tables are well defined based 

on the information available in the ODM. The SeriesCatalog table, however, may benefit 

from the inclusion of a field for the data service WSDL and ConCode associated with the 

variable. The WSDL (Web Service Definition Language) is the URL that provides access 

to the web service. By including this information in the SeriesCatalog table, each time 

series defined in the table is associated with the information necessary to access the data 

values themselves.  

Additionally, including the concepts from the hydrologic ontology described in 

Chapter 2 adds greater significance to the data discovery process. Each leaf concept in 

the hydrologic ontology has a unique code referred to as the ConCode. Using the 

HydroTagger application described in the technology review, each variable in the HIS 

system has been associated with a ConCode that describes the concept the variable is 

measuring. If the ConCode is added to the SeriesCatalog table, then searching for data 

based on a concept is as simple as searching for the ConCode associated with the concept 

of interest. Since the concepts are already mapped to the variables in the HIS system, 

adding the ConCode to the SeriesCatalog is accomplished by obtaining a table with the 

list of all the VarCodes in the system and the ConCodes for the concepts the variables are 

mapped to. Using this table and the SeriesCatalog table which contains the VarCode for 

the variables, a relationship can be built between the VarCode in the SeriesCatalog table 

and the VarCode in the table containing the ConCode.  
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3.7. CREATING SITES SHAPEFILES 

Discovering observations sites based on geographic criteria is more 

straightforward when a display of the sites is available. Therefore, rather than only 

providing a table of Sites metadata with latitude and longitude or state and county name, 

it is more useful to provide a geographic display. While a static display, such as an image 

file, of sites is easily created, stored, and ingested by a number of systems, this type of 

format cannot also store and display the associated metadata (i.e. latitude and longitude 

values, site name, etc). As described in chapter 2, the Open Geospatial Consortium has 

developed specifications for services which are capable of sending and receiving 

geographic content. Therefore, through the use of the Web Feature Service (WFS), point 

features can be made available through web services. Given this information, it is useful 

to create point features of the Sites metadata to aid in geospatial data discovery. 

 

Figure 3.5 Transformation of a table to a geographic display 

These types of features are easily created using a Geographic Information System 

such as ESRI‟s ArcGIS. The Sites metadata downloaded from the WaterOneFlow web 

services contains latitude and longitude. This information can be used in ESRI ArcMap to 

display points at each site location. Tabular data is imported into ArcMap then XY data 

(latitude and longitude) are plotted geographically as points (see Figure 3.5). These points 
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can then be exported and saved as a shapefile, an ESRI format for saving point, line, and 

polygon files. Additionally, a WMS of sites can be produced using the Interoperability 

Connections in ArcCatalog 9.3. Web Mapping Services can be used to display maps and 

site metadata on the web. 

3.8. SERVING METADATA AS A WFS 

Metadata that has been previously compiled and thoughtfully organized is most 

useful when it is made available to a wide audience. This is possible through the use of 

web services, specifically the OGC Web Feature service. The WFS allows users to 

publish geographic information which contains point, line, and polygon features in 

addition to information with no geographic components. This is well suited for the 

metadata developed in the methodology. The service level metadata proposed is a 

combination of a point feature of observation sites and two metadata tables, Variables 

and SeriesCatalog. These three metadata components can be served together in one WFS.  

Since the WFS is an OGC specification, this service is compatible with many 

different software applications, perhaps most notably ESRI‟s ArcGIS. ArcCatalog 9.3 has 

the capacity to ingest and produce OGC web services, therefore this software will be used 

to create WFSs for metadata. Since WFSs are created from geodatabases, before 

producing a web service the sites feature class and two metadata tables (SeriesCatalog 

and Variables) to be served must be stored in this format. The Sites feature class and 

Variables and SeriesCatalog tables for each dataset were loaded into a new geodatabase 

and named according to the respective data service and network. Using the 

Interoperability Connections in ArcCatalog, a new WFS for each dataset was created. 

These web services are currently being hosted on the local ArcGIS server run by the 

University of Texas at Austin. More information on these web services, including how to 
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ingest them into ArcGIS, see Appendix B: WFS Catalog and Appendix C: Ingesting a 

WFS into ArcMap. 

3.9. CREATING A REGISTRY 

In the context of a Service-Oriented Architecture, web services serve as building 

blocks. Therefore, these WFSs, which are serving metadata, can be used to build a 

metadata catalog. Creating such a metadata catalog is as simple as listing a series of 

metadata web services with a brief description. An example of this has been created at the 

Center for Research in Water Resources, located on the web at 

http://data.crwr.utexas.edu/. The metadata catalog is a web page (see Figure 3.6) with a 

table of the WFSs created in this work along with a description and accompanying 

documentation.  

 

 

Figure 3.6 Screenshot of data.crwr Web Feature Service Catalog 

Creating a national repository of metadata services which adhere to OGC 

specifications opens the door to a wide variety of applications. These services can be 

http://data.crwr.utexas.edu/
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ingested into a number of software programs, such as ESRI ArcGIS, and displayed over 

the web and used for discovering interesting data. The tabular format of the data 

contained in these particular WFSs makes them useful in a database oriented 

environment, like the CUAHSI-HIS. The creation of a national metadata catalog which is 

accessible to a number of clients removes the responsibility of data housing or metadata 

housing by any one entity. Rather, data collectors can create their own metadata services 

which describe the observations data they are collecting and provide the URL for use in a 

catalog, such as data.crwr.  

3.10. RECOMMENDATIONS AND FUTURE WORK 

The process of extracting and saving tabular metadata needs to be automated and 

then completed for each of the 34 datasets included in the HIS project. Since many of the 

datasets included in the HIS are not static, automating the metadata extraction and saving 

process would involve developing an application that updates the metadata through the 

use of a scheduled task. This task should not be difficult considering the HydroTagger 

already operates under the same condition.  

Though the inclusion of the ConCode and WSDL in the SeriesCatalog was 

presented in this chapter, this process has not actually been carried out. The HydroTagger 

application produces a table containing both the variable codes and the ConCodes to 

which they are mapped, so adding the ConCode to the SeriesCatalog table is a simple 

exercise. Additionally, since each SeriesCatalog table only represents one data service 

adding the WSDL to the SeriesCatalog tables is also a straightforward task. A new field 

called WSDL should be added to the SeriesCatalog table for each service and then the 

WSDL for the respective data service should be added to each row in the table.   
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4. Ontology and Data Discovery 

4.1. BUILDING A TABULAR ONTOLOGY 

As described in the literature and technology review, an ontology is a systematic 

representation of a knowledge domain. As part of the development efforts for a data 

discovery application, a hydrologic ontology was created for the CUAHSI-HIS project. 

This complex representation of the hydrologic domain consists of formal axioms which 

describe concepts, properties, and the relationships between them. In a hydrologic 

ontology a concept represents an idea to which a variable can be mapped or classified. 

For example, the variables „nitrogen, total‟ and „totalNitrogen‟ are representations of the 

same idea with different names, also known as synonyms. Therefore these two variables 

can be mapped to the same leaf concept, which could be called „Total Nitrogen‟. Leaf 

concepts are systematically related back to one core concept through any number of 

branches and properties.  

Ontologies are stored and transmitted over the web in Web Ontology Language, 

which captures the complexities of the axioms and relationships between concepts and 

individuals. However, much like a WaterML file, understanding an OWL file is quite 

difficult for individuals unfamiliar to this markup language and the structure of web 

ontologies in general (see Figure 4.1). Ontologies stored and transmitted in OWL are 

inherently more complex than a more simplified version, such as a table or StarTree 

visualization, however a table is much easier to interpret and upkeep by novices. In this 

project, the current hydrologic ontology was converted into a concept table as a proof of 

concept that a tabular version of a more complex ontology can be implemented in an HIS. 
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Figure 4.1 Contents of an OWL file in the current ontology named search.owl 

A concept table is another physical representation of a hierarchy of concepts, 

much like an ontology visualized in StarTree. Therefore, converting an existing ontology 

into a tabular format is as easy as tracing out each the path of each leaf concept to create 

each row in a table. Formatting the ontology as a table conforms to the tabular structure 

of other metadata types and integrates seamlessly into the HIS. Additionally, the StarTree 

visualization can be created directly from a tabular format. Therefore, unlike an ontology 
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stored in OWL files, no auxiliary code is required to transform the ontology into a 

StarTree representation. Building a concept table makes visualizing an ontology and 

building relationships between concepts and variables simple, thus supporting data 

discovery based on concepts. 

The ontology currently in use by the CUAHSI-HIS project is stored in a series of 

OWL files and visualized using the StarTree viewer. The first step was to trace out each 

mapped concept (i.e. concepts which are mapped to variables in the CUAHSI-HIS data 

services) of the StarTree visualization, creating a table which contains the same 

information as this physical representation of the hydrologic ontology as it exists. This 

table was then color coded to represent which layers were searchable in the CUASHI-

HIS application for which this ontology was created, HydroSeek. Concepts that are too 

broad, and thus would return too many concepts, are shown in Figure 4.2 in blue. This 

includes the core concept, „Hydrosphere‟, as well as the first branch off of the core 

concept. Beyond this layer, there are varying degrees of separation between the core 

concept and leaf concept. On the other end of the spectrum are the leaf concepts, 

indicated by the red color. These are terms which are too narrow to be searched on. The 

actual concept name used in the mappings is listed to the extreme right. The field dubbed 

„Compound Concept‟ is shown in green. These are concepts which are granular enough 

to be searched on but not so narrow that they will not return the assumed desired result. 

For example, humidity is a concept which has four different leaf concepts mapped to it, 

thus a search on humidity would return all four different concepts. Humidity is classified 

as „Atmospheric Hydrology‟, a very broad concept which could conceivably return 

hundreds of results in a search, and is therefore not a searchable term.  
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Figure 4.2 Concept mappings in current ontology 

This table reveals some of the complexity, including large variation in granularity 

of concepts, of the current ontology. There are some tagged concepts which are only 

mapped out three levels from the core concept whereas other concepts are mapped out 

through eight. Additionally, the current ontology contains over 250 concepts yet only 147 

concepts are currently mapped. Therefore, for the proof of concept, a new, simpler table 

for these 147 mapped concepts was created. 

The new concept (Table 4.1) has 5 levels: Core, Property, Branch, Leaf, and 

ConCode. The properties used to classify the leaf concepts are the properties used by the 

USGS to classify the variables measured in the National Water Information System. The 

„Branch‟ level was used if additional granularity was necessary beyond the „Properties‟ 

level. It should be noted, however, that these divisions and classifications are not chosen 

based on domain knowledge; rather they are used for the proof of concept that a concept 

table can contain the same type of information as more complex representations of 

ontologies and can be implemented for data discovery. 
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Table 4.1 New tabular ontology 

 

The table presented above is a portion of the concept table created based on the 

mapped concepts. The full table can be found in Appendix A: Concept Table. The far 

right column contains the concept code (ConCode) to which the 1085 variables in the 

CUAHSI-HIS system are mapped. This is included so it is possible to relate concepts to 

the variables in the system which are already mapped with a concept name. This table can 

be quickly and simply displayed using the StarTree, a screen shot of which is shown in 

Figure 4.3. This visualization is available on the web at 

http://test.hydroseek.net/ontology/Ontology.html. 

Core Property Branch Leaf ConCode

Hydrosphere Biological Chlorophyll Chlorophyll A chlorophyllA

Hydrosphere Biological Chlorophyll Pheophytin pheophytin

Hydrosphere Biological Indicator Organisms Clostridium Perfringens clostridiumPerfringens

Hydrosphere Biological Indicator Organisms Escherichia Coli ecoli

Hydrosphere Biological Indicator Organisms Enterococci enterococci

Hydrosphere Biological Indicator Organisms Fecal Coliform fecalColiform

Hydrosphere Biological Indicator Organisms Fecal Streptococci fecalStreptococci

Hydrosphere Biological Indicator Organisms Total Coliform totalColiform

Hydrosphere Biological Other Biological Parameter (Other) biologicalParam_other

Hydrosphere Chemical Properties Chemical Oxygen Demand chemO2demand

Hydrosphere Chemical Properties Dissolved Oxygen dissolvedOxygen

Hydrosphere Chemical Properties Dissolved Oxygen Dissolved Oxygen Concentration dissolvedOxygenConc

Hydrosphere Chemical Properties Dissolved Oxygen Dissolved Oxygen Saturation dissolvedOxygenSaturation

Hydrosphere Chemical Properties Dissolved Solids Fixed Dissolved Solids fixedDissolvedSolids

Hydrosphere Chemical Properties Dissolved Solids Total Dissolved Solids totalDissolvedSolids

Hydrosphere Chemical Properties Light Attenuation Coefficient lightAttenuationCoefficient

Hydrosphere Chemical Properties Oxidation Reduction Potential oxidationReductionPotential

Hydrosphere Chemical Properties pH pH

Hydrosphere Chemical Properties Salinity salinity

Hydrosphere Chemical Properties Suspended Solids Fixed Suspended Solids fixedSuspendedSolids

Hydrosphere Chemical Properties Suspended Solids Total Suspended Solids totalSuspendedSolids

Hydrosphere Chemical Properties Suspended Solids Volatile Suspended Solids volatileSuspendedSolids

Hydrosphere Information Battery Voltage batteryVoltage

Hydrosphere Information Sample Count samplecount

Hydrosphere Major Inorganics Calcium calcium

Hydrosphere Major Inorganics Carbon Inorganic Carbon inorganicCarbon

Hydrosphere Major Inorganics Carbon Dissolved Organic Carbon dissolvedOrganicCarbon

Hydrosphere Major Inorganics Carbon Organic Carbon organicCarbon

Hydrosphere Major Inorganics Carbon Total Organic Carbon totalOrganicCarbon

http://test.hydroseek.net/ontology/Ontology.html
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Figure 4.3 StarTree visualization created from new concept table 
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4.2. VALIDATING CONCEPTS 

Before implementing a new concept table in the HIS system, it is important to 

verify that all of the mapped concepts are included in the new table. This is a simple task 

which can be accomplished by using the data verification tool in Excel. The concepts in 

the current ontology were compared against the list of concepts which are mapped to the 

1085 variables. Any concepts which appeared in the list of 1085 mapped variables but 

not in the concept table are highlighted so they are easily identified. A quick scroll 

through the list of mapped variables reveals any concepts which are not included in the 

concept table. One of the benefits of the tabular format is the ease with which it is 

updated. Upon validating the new ontology, it was revealed that five concepts were 

missing. Adding to the hierarchy is as simple as adding a row with the appropriate 

„Property‟, „Branch‟, „Leaf‟, and „ConCode‟ values. The complete concept table can be 

found in Appendix A: Concept Table 

4.3. MASTER SERIESCATALOG 

Now that relevant service level and domain specific metadata have been compiled 

and stored, there are several useful applications of this information to data discovery. One 

such benefit is the ability to aggregate metadata into a master list. This is especially true 

of the SeriesCatalog table. With the addition of the WSDL to point to the location of the 

actual data values and the ConCode to group like concepts together, each row in the 

SeriesCatalog clearly defines individual time series. Therefore, the ability to aggregate 

SeriesCatalogs from multiple data providers does not risk the loss of any important 

descriptive information. Each row in an aggregated SeriesCatalog still clearly defines a 

single time series of data from a single data service. However, by compiling time series 
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from multiple data providers, there is the added capability of conducting data searches 

across multiple services in a single pass. The addition of the ConCode also allows for 

thematic organization of data layers, as described and exemplified in the next section. 

A master SeriesCatalog provides the additional benefit of being compiled ahead 

of time for a large number of data sets and time series. Therefore, users do not have to 

make web service calls to individual datasets to query metadata. Instead, metadata is 

readily available in an aggregated list for quick and easy querying. 

4.4. BUILDING THEMATIC DATA LAYERS 

Another important advantage of cataloging metadata is the ability to build 

thematic data layers. A thematic data layer is defined as a series of observations sites 

from any number of datasets which measure variables of a similar theme. This concept is 

used profusely in the geospatial world. Geographic data is almost always organized 

according to a theme, i.e. soil layers, population densities, civil infrastructure, counties, 

etc. Using the metadata files created during this project with the idea of a master 

SeriesCatalog, a salinity data layer for the Texas was created. 

Building thematic data layers is simple once a master SeriesCatalog is created for 

a geographic region. In this example, a master SeriesCatalog was created for the 11 

Water Data Services currently being served by the Center for Research in Water 

Resources. These 11 data services (shown in Figure 4.4) include 15,870 sites, 7,010 

variables, and over 8.5 million data values. The SeriesCatalog table for each of these 11 

services was created using HydroExcel as described in Chapter 3 of this document. The 

WSDL field was added to each data service‟s SeriesCatalog, and then all 11 

SeriesCatalogs were combined into one master SeriesCatalog called 

TX_MasterSeriesCatalog.  
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Figure 4.4 Texas Water Data Services being served on data.crwr 

Though the methodology requires adding the ConCode to each entry in the 

SeriesCatalog, this has not yet been accomplished for the Texas Water Data Services. If 

the ConCode were included in the SeriesCatalog, creating a Salinity data layer is as 

simple as apply a filter to the ConCode field which selects only those ConCodes 

associated with the leaf concept of „Salinity‟. However, since the ConCodes are not 

included, a filter for „contains salinity‟ was applied to the „VarName‟ field to select all 

salinity data. The results of the filter were saved to a new file called 

„Salinity_TexasSummary‟. Since the SeriesCatalog contains both latitude and longitude, 

a map of all the sites can be created. A WFS of the SeriesCatalog table and WMS of the 

map of sites were created for this new data layer in ArcCatalog and added to the 
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data.crwr catalog. A map of the salinity data sites in Texas symbolized by their data 

density is shown below in Figure 4.5. 

 

Figure 4.5 Texas salinity data layer 

4.5. DATA DISCOVERY 

As further proof of concept, a demonstration of the data discovery capabilities of 

a tabular system of metadata, including both service level metadata and domain metadata, 

was completed. The six University of Florida datasets included in the metadata extraction 

process were selected for this exercise for their geographically similar region and variety 

in variables measured. This exercise mimics the use case which requires nitrogen data for 

a specific watershed. The University of Florida data services provide observations data 

for the Santa Fe watershed in North West Florida. The variables measured range from 

nitrogen and phosphorus concentrations, to temperature, groundwater levels, and 

instrument battery voltage.  
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The metadata required for data discovery includes the concept table, Variables 

table, SeriesCatalog table, and Sites shapefile. First, the variables for these seven services 

needed to be tagged with the appropriate ConCode in the concept table. This was 

accomplished manually for the 22 variables and is shown in Table 4.2. Next, a master 

SeriesCatalog for the University of Florida services was created by aggregating the 

individual SeriesCatalog tables. The WSDL for each data service was included in the 

SeriesCatalog tables. 

 

Table 4.2 University of Florida variables tagged with concepts 

 

By first adding the ConCode to a complete list of variables collected by the 

Florida data services, the ConCode was added to a master SeriesCatalog for Florida using 

the „VLOOKUP‟ function in Excel. The final produce is a master SeriesCatalog with 

WSDL and ConCode added for six Florida data services currently in the HIS system. 

Using this master SeriesCatalog table in conjunction with the concept table, data 

VarCode VarName Units ConCode

FLWI:999001 Volumetric Soil Moisture meters per meter moistureSoil

FLWI:999002 Soil Temperature degree kelvin temperatureSoil

FLWI:999003 Soil Heat Flux watts per square meter soilheatflux

FLWI:999004 Groundwater Elevation meter waterLevelGroundWater

FLWI:Barom Barometric pressure millibar Atmosphereic Pressure

FLWI:Barom Barometric pressure millibar Atmosphereic Pressure

FLWI:Batt Battery voltage volts batteryVoltage

FLWI:Batt Battery voltage volts batteryVoltage

FLWI:depth Water depth international foot waterDepth

FLWI:depth Water depth international foot waterDepth

FLWI:Nitrate Nitrogen, nitrate (NO3) as N milligrams per liter nitrateNitrogen

FLWI:Nitrite_Nitrate Nitrogen, nitrite (NO2) + nitrate (NO3) nitrogen as N milligrams per liter nitritePlusNitrate

FLWI:NO3filt Nitrogen, nitrate (NO3) nitrogen as NO3, filtered milligrams per liter nitrateNitrogen

FLWI:NO3uM Nitrogen, nitrate (NO3) nitrogen as NO3, unfiltered micromoles nitrateNitrogen

FLWI:SpecCond Specific conductance, unfiltered microsiemens per centimeter specificConductance

FLWI:SpecCond Specific conductance, unfiltered microsiemens per centimeter specificConductance

FLWI:Temp Temperature degree celcius temperatureWater

FLWI:Temp Temperature degree celcius temperatureWater

FLWI:TP Phosphorus, total as P milligrams per liter totalPhosphorus

FLWI:Water level Water level international foot waterLevelGroundWater

FLWI:Water_level Water level international foot waterLevelGroundWater
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discovery based on concepts is simple in an environment where relationships can be built. 

In addition to thematic organization capabilities based on concepts, discovery based on 

branch concepts and even properties is possible because concept selections are being 

made from the concept table rather than just based on a leaf concept with the ConCode. 

An example of this exercise was completed in ArcMap so that the sites could be 

visualized in a geographic context. The relationships required for data discovery are 

illustrated in Figure 4.6. 

 

Figure 4.6 Discovery through relationships using a master SeriesCatalog 
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Concepts can be selected in the concept table and related to a Sites attribute table 

through the SeriesCatalog table. For example, to find sites which collect information on 

nitrogen as nitrate, the row which contains the ConCode „nitrateNitrogen‟ can be selected 

in the concept table, and therefore all the sites that measure nitrate nitrogen can be 

discovered. However, using the concept table also allows for the selection of multiple 

related branch concepts, for example all not just nitrate nitrogen, but all nitrogen 

concepts. To accomplish this, simply select all the rows in the ontology table which have 

the branch concept of „nitrogen‟ as in Table 4.3.  

 

Table 4.3 Concept table with all nitrogen concepts selected in ArcMap 

 

Since the leaf concept ConCode for those rows are related to the ConCode 

included in the master SeriesCatalog table for Florida, selecting the rows in the concept 

table also selects corresponding rows in the master SeriesCatalog table (see Table 4.4).  
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Table 4.4 Florida master SeriesCatalog with all nitrogen time series selected 

 

 

The selected rows in the SeriesCatalog include the site code, which is related to 

the site code in the Sites shapefile. Therefore, the corresponding sites can be selected 

using this relationship and selected on the dot map. The through tracing out the 

relationships in this fashion, a map of the sites where nitrogen is measured is obtained as 

shown in Figure 4.7. 
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Figure 4.7 Observation sites which measure nitrogen 

Using the concept table in conjunction with a master SeriesCatalog can greatly 

enhance data discovery based on concepts. 

4.6. FUTURE WORK AND RECOMMENDATIONS 

While much has been accomplished with metadata services and the ontology, 

there still remains quite a bit of work to be done. First and foremost, the WSDL and 

concepts need to be added to all of the SeriesCatalog tables. Including the WSDL 

provides user access to the data values once the relevant time series have been selected. 

Including the ConCode provides the means for thematic organization of time series and 

allows for the construction of relationships between the Concept table and the 
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SeriesCatalog table. Once these two fields have been populated in the SeriesCatalog 

tables for each data service, SeriesCatalogs can be aggregated into master SeriesCatalogs 

for any number of geographic regions. Therefore, metadata can be created and stored at 

any geographic extent, including a national, state, regional, and local scale. 

Before tagging variables, however, the tabular ontology also requires additional 

work. Currently there are several concepts in the ontology which are unnecessarily 

granular. Specifically, there exist two different leaf concepts in the ontology which both 

describe air temperature (temperatureAir and airTemperature), three concepts which 

describe snow depth (snowDepthGroud, snowDepth, and snowGround), and 17 different 

concepts which describe water levels (see Table 4.5). 

Table 4.5 Concepts describing water level 

 

The first two situations perhaps arise by mistake when tagging and should be 

corrected by the administrator in charge of tagging variables. The issue with the water 

levels is not quite as simple. One of the reasons there are so many concepts for water 

levels is because there is a concept for water level (stream, lake, and ground) measured 

from each of at least four different reference points. The benchmark for elevation 

measurement is not fundamental to the understanding that the observations data is 

Core Property Branch Leaf ConCode

Hydrosphere Physical Properties Water Level Groundwater Level waterLevelGroundWater

Hydrosphere Physical Properties Water Level Groundwater Level (Other) groundWaterLevelOther

Hydrosphere Physical Properties Water Level Groundwater Level- Land Surface Datum groundWaterLevelDatumLandSurface

Hydrosphere Physical Properties Water Level Groundwater Level- MSL Datum groundWaterLevelDatumMSL

Hydrosphere Physical Properties Water Level Groundwater Level- NAVD88 Datum groundWaterLevelDatumNAVD88

Hydrosphere Physical Properties Water Level Groundwater Level- NGV29 Datum groundWaterLevelDatumNGVD29

Hydrosphere Physical Properties Water Level Lake Gage Height gageHeightLake

Hydrosphere Physical Properties Water Level Lake Stage- MSL Datum stageLakeDatumMSL

Hydrosphere Physical Properties Water Level Lake Stage- NAVD88 Datum stageLakeDatumNAVD88

Hydrosphere Physical Properties Water Level Lake Stage- NGVD29 Datum stageLakeDatumNGVD29

Hydrosphere Physical Properties Water Level Stream Gage Height gageHeightStream

Hydrosphere Physical Properties Water Level Stream Stage stageStream

Hydrosphere Physical Properties Water Level Stream Stage (Other) stageStreamDatumOther

Hydrosphere Physical Properties Water Level Stream Stage-  MSL Datum stageStreamDatumMSL

Hydrosphere Physical Properties Water Level Stream Stage-  NGVD29 Datum stageStreamDatumNAVD88

Hydrosphere Physical Properties Water Level Stream Stage- NAVD88 Datum stageStreamDatumNGVD29

Hydrosphere Physical Properties Water Level Water Depth waterDepth
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measuring water level. The purpose of an ontology is to identify concepts with useful 

meaning. Including the datum in the concept mapping subdivides one concept too finely, 

making the selection of water level data more difficult. The datum information is 

contained in the variable name, ensuring it will not be lost. Therefore, if a specific datum 

is desired, it is easily extracted from the water level data at large. The recommendation, 

then, is to make the water level concepts coarser so that the subdivision is between lake, 

stream, and ground water level instead of being further parsed out by datum. The 

resulting section of the concept table is shown in Table 4.6. 

Table 4.6 Modified water level concepts 

 

In the ontology, there also exist concepts which seem unnecessarily broad. There 

are several concepts which include the word „other‟, i.e. atmosphere_other, 

groundWaterLevelOther, and biologicalParam_other. The atmostphere_other concepts all 

map to Barometric Pressure, which is included in the ontology as atmosphericPressure. If 

a concept for barometric pressure is needed specifically, then this should be added rather 

than leaving the concept as „other‟. There are dozens of variables mapped to an „other‟ 

water level due to the fact that a datum is not included in the variable name. By reducing 

the granularity of water level, as suggested previously, this „other‟ can be eliminated. 

Core Property Branch Leaf ConCode

Hydrosphere Physical Properties Water Level Groundwater Level waterLevelGroundWater

Hydrosphere Physical Properties Water Level Groundwater Level groundWaterLevelOther

Hydrosphere Physical Properties Water Level Groundwater Level groundWaterLevelDatumLandSurface

Hydrosphere Physical Properties Water Level Groundwater Level groundWaterLevelDatumMSL

Hydrosphere Physical Properties Water Level Groundwater Level groundWaterLevelDatumNAVD88

Hydrosphere Physical Properties Water Level Groundwater Level groundWaterLevelDatumNGVD29

Hydrosphere Physical Properties Water Level Lake Stage gageHeightLake

Hydrosphere Physical Properties Water Level Lake Stage stageLakeDatumMSL

Hydrosphere Physical Properties Water Level Lake Stage stageLakeDatumNAVD88

Hydrosphere Physical Properties Water Level Lake Stage stageLakeDatumNGVD29

Hydrosphere Physical Properties Water Level Stream Stage gageHeightStream

Hydrosphere Physical Properties Water Level Stream Stage stageStream

Hydrosphere Physical Properties Water Level Stream Stage stageStreamDatumOther

Hydrosphere Physical Properties Water Level Stream Stage stageStreamDatumMSL

Hydrosphere Physical Properties Water Level Stream Stage stageStreamDatumNAVD88

Hydrosphere Physical Properties Water Level Stream Stage stageStreamDatumNGVD29

Hydrosphere Physical Properties Water Level Water Depth waterDepth
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Lastly, the biologicalParam_other concept appears to be the catch all for biological data, 

including fish species and fish sample measurements, which is too esoteric to necessitate 

its own concept. Given that this ontology is being developed for hydrologic information 

and not biologic information, leaving this as an „other‟ parameter is the best course of 

action.  
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5. Conclusions 

Before a metadata catalog can be implemented, a system for extracting, storing, 

and serving metadata must be developed. The methods proposed in this document 

accomplish those tasks in a systematic way. Metadata is easily extracted from 

WaterOneFlow web services using applications previously developed for accessing those 

services. Additionally, the metadata required for fully describing a WaterOneFlow web 

service is well documented within the ODM. This metadata can then be served using 

standardized web services under development by the OGC. Though these services are not 

yet widely used, they are already receiving support from the geographic community as 

well as the W3C. This is promising for much wider adoption of the standards in the 

future. The use of industry standardized web services along with a well thought out, 

standardized method for storing metadata facilitates the creation of a national metadata 

catalog. This is important for several reasons. First, if metadata is stored and served in a 

standardized and well documented manner, individual data sources can begin to store and 

serve their respective metadata in this fashion. Then, rather than one entity such as 

CUAHSI being responsible for creating metadata services and serving it to users, data 

producers can be responsible for serving their metadata. Then creating a national 

metadata catalog is as simple as providing a registry such as CUAHSI‟s HIS Central for 

listing metadata services. 

The work presented in this document reveals several important conclusions about 

metadata. The following paragraphs provide conclusions for each objective presented at 

the beginning of this document.  
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What metadata is required for geospatial and thematic searching? 

The SeriesCatalog table is an important compilation of metadata which is quite 

useful in data discovery. As described in this document, the SeriesCatalog is a table with 

a single entry for each time series in a data service. Therefore, each row in the 

SeriesCatalog table contains the metadata necessary for discovering and accessing the 

observations data. This includes the metadata fields in the following table.  

Table 5.1 SeriesCatalog metadata fields and descriptions 

Field Description 

SiteCode Unique identifier that each site is referred to as 

SiteName Name of the site at which the observation was made 

State State in which the observation was made 

County County in which the observation was made 

Latitude Latitude at which the observation was made 

Longitude Longitude at which the observation was made 

VarCode Unique identifier that each variable is referred to as 

ValueCount Numerical count of values observed 

StartDate Date and time of the first observation in the dataset 

EndDate Date and time of the last observation in the dataset 

VarName 
Name of the quantity that the observation value 

represents 

Units Variable unit of measure 

NoData 
Indicates the value used to represent no measured data 

value 

IsRegular 
Indicates if the time spacing is regular with ‘True’ or 

‘False’ 

TimeUnits Time unit of measure 

TimeSupp 
Element containing the time support or temporal 

footprint of the data value 

ValueType 
Text value indicating what type of data value is being 

recorded 

DataType 
Indication of the kind of quantity being measured (e.g. 

instantaneous, continuous, average, etc.) 

GenCat 
Category of observation (e.g. Water Quality, Climate, 

Hydrology, Geology, etc.) 
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SampleMed 
The medium in which the sample was collected (e.g. 

water, air, sediment, etc.) 

Method 
Information about physical samples analyzed in a 

laboratory 

QualLevel 
Code used to identify the level of quality control to 

which data values have been subjected 

SourceName The organization or entity providing the measurement 

SourceDesc Information on the original source of the observation 

 

Additionally, including the WSDL in this table provides the link to the 

WaterOneFlow web service and in turn, the ODM where the data values are stored. 

Additionally, including the ConCode which can be related to the Concept table allows for 

thematic organization of observations data as well as discovery based on leaf or branch 

concepts through the use of relationships based on the ConCode. Since each time series is 

well defined within the SeriesCatalog, metadata from multiple data services can be 

aggregated into a master SeriesCatalog without losing any descriptive information. The 

creation of a master SeriesCatalog is especially useful for thematic organization of 

observations data as well as data discovery across multiple organizations. Using these 

developments, data discovery is significantly less tedious. 

The creation and implementation of a concept table is a step forward towards 

semantic mediation of observations data. By proving that a tabular format is easily 

created, implemented, visualized, and updated within the CUAHSI-HIS project opens the 

door to a more effective implementation of keyword searching for data discovery. The 

tabular format fits seamlessly with the tabular database structure used to store 

observations data.  
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How can metadata be extracted from the CUAHSI data services?  

Metadata is easily extracted from the current CUAHSI data services using the 

tools developed to operate on the Observations Data Model. All of the data services used 

in the CUAHSI-HIS are either stored in the ODM or are formatted such that the ODM 

tools and WaterOneFlow web services can be used to access the metadata and data 

values. Additionally, the data services in the Texas HIS system are stored using the ODM 

and can therefore be extracted in the same manner as the CUAHSI data services. 

HydroExcel is the tool described in this document for metadata extraction. This 

application connects to the ODM directly from Microsoft Excel using the WaterOneFlow 

web services, macros, and an object library. This provides a convenient mechanism for 

accessing and storing tabular metadata within a commonly used software application. 

How can metadata be formatted and stored to aid data discovery? 

The SeriesCatalog described in this document is stored in a tabular format. First, 

it is important to adopt a 10 character maximum with no spaces for the metadata field 

names. This allows the tables to be used in ArcGIS, software commonly used by 

hydrologists. Each row in the table fully represents a single time series for a single data 

service. By storing time series metadata in this format, building data layers of time series 

based on geographic, temporal, or thematic criteria is as simple as combining a series of 

entries into a single table. These tables can be named according to their contents and then 

served through the use of standardized web services, such as the Web Feature Service.  

Storing a hierarchy of concepts in a table format fits seamlessly into the tabular 

structure of the CUAHSI-HIS. Building a SeriesCatalog for each service which contains 

a ConCode and then aggregating entries from these SeriesCatalogs to create master 

SeriesCatalogs and thematic data layers allows for simple implementation of a concept 
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table. The ConCode in the SeriesCatalog can be related to the ConCode in the concept 

table to select all time series which measure variables of a specific theme. 

What technology is available for creating and displaying ontologies? 

Web Ontology Language (OWL) is used to store and transmit ontologies over the 

web. There are a number of programs available on the web for creating and editing 

ontologies in OWL, including Protégé and Altova Semantic Works. Though these 

programs are simple to learn and operate, a deeper understanding of the structure of a 

web ontology is required to create a useful end product. Since the scope of this project 

did not include building a new web ontology, no further elaboration on these products is 

provided.  

Large and complex ontologies are best visualized as hierarchies. The CUAHSI-

HIS project employs the use of a StarTree, created using Inxight VizServer. A StarTree 

viewer provides a means for effortlessly navigating extensive hierarchies, such as the 

hydrologic ontology created for the HIS project. The work in the project exposed the fact 

that creating StarTree representation of hierarchies from a table is a more straightforward 

process than creating the StarTree from an ontology stored in OWL files. 

What does a framework for the creation of a regional metadata catalog that 

facilitates data discovery look like? 

The master SeriesCatalog has emerged as the framework for storing time series 

metadata. Compiling SeriesCatalogs from a variety of regional data sources into a single 

master SeriesCatalog provides a set of well defined time series within a geographic 

region. The information contained with SeriesCatalog allows for discovery of data based 

on any number of criteria, including temporal, spatial, and thematic. Using a master 

SeriesCatalog in conjunction with a Concept Table allows for the selection of time series 
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based on concepts both narrow and wide. Since concepts are selected in the table on a 

row by row basis, selections can be made based on a single leaf concepts or entire 

branches to capture multiple leaf concepts. 

How can these objectives be adapted to a state level system? 

Adapting these objectives to a state level system is straightforward. If a national 

master SeriesCatalog is created, selecting a subset of time series entries for a single state 

based on spatial criteria is as simple as applying a filter to the State field. Additionally, 

adding new data sources merely requires adding new rows to the table. This of course 

assumes that relevant state level data is stored in the ODM so that the metadata is 

accessible using the same tools and in the same format as described in this document. 

Part of the beauty of using the tabular format of the master SeriesCatalog is the ease with 

which it is adapted to a variety of uses. The same format can be used as an all 

encompassing national master catalog of time series data or as a state or regional catalog. 

Thematic data layers can be created for any size geographic region by selecting only a 

certain type of variable based on the ConCode. The tabular format is straightforward and 

is easily imported, manipulated, and exported by users. 

5.1. RECOMMENDATIONS 

The future work and recommendations set forth in this document are crucial to the 

continued success of a national Hydrologic Information System. While included in the 

previous chapters, a brief summary of the suggested path forward is provided here. 

First, the ontology needs to be fine tuned. By building the current ontology into a 

tabular format, some inconsistencies were brought to light. This includes several 

instances where the same concept was mapped to more than one concept name. These 

variables should be remapped to one consistent leaf concept. There are also some 
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concepts which are too granular and potentially hinder data discover, such as in the case 

of water level concepts. These concepts should be consolidated into more broadly named 

concepts so as to capture all of the relevant variables. Lastly, there are some concepts 

which are too sparse, namely those with the term „other‟ included in the leaf concept 

name. In some cases, it is impractical and without value to further classify the concepts 

contained within, such as in the case of the other biological parameters. However, there 

are some variables mapped to leaf concepts classified as „other‟ which fit in to existing 

leaf concepts, such as with atmospheric pressure. 

Once the ontology reaches a more permanent form, variables in the metadata 

catalog need to be mapped with their respective ConCodes. This entails relating the 

variable codes in metadata tables to the variable codes to those in the mappings approved 

tables. The suggestion is that concept should appear in the SeriesCatalog table so that this 

metadata table better describes each data series. This recommendation coincides with the 

suggestion that the conceptual metadata model needs to be refined. At present, the 

metadata included in the catalog being served at http://data.crwr.utexas.edu is redundant 

and unnecessarily bulky. This can be remedied by removing the Sites and Variables table 

so that only the SeriesCatalog remains. By including the leaf concept in this table and 

adding the WSDL, each row of the catalog fully describes each data series. As such, rows 

of a SeriesCatalog can be compiled into thematic data layers without losing any meaning.  

Addressing these recommendations for future work will provide the means to 

advance data discovery capabilities, thus making hydrologic information more 

meaningful and accessible.

http://data.crwr.utexas.edu/
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Appendix A: Concept Table 

 

Core Property Branch Leaf ConCode

Hydrosphere Biological Chlorophyll Chlorophyll A chlorophyllA

Hydrosphere Biological Chlorophyll Pheophytin pheophytin

Hydrosphere Biological Indicator Organisms Clostridium Perfringens clostridiumPerfringens

Hydrosphere Biological Indicator Organisms Escherichia Coli ecoli

Hydrosphere Biological Indicator Organisms Enterococci enterococci

Hydrosphere Biological Indicator Organisms Fecal Coliform fecalColiform

Hydrosphere Biological Indicator Organisms Fecal Streptococci fecalStreptococci

Hydrosphere Biological Indicator Organisms Total Coliform totalColiform

Hydrosphere Biological Other Biological Parameter (Other) biologicalParam_other

Hydrosphere Chemical Properties Chemical Oxygen Demand chemO2demand

Hydrosphere Chemical Properties Dissolved Oxygen dissolvedOxygen

Hydrosphere Chemical Properties Dissolved Oxygen Dissolved Oxygen Concentration dissolvedOxygenConc

Hydrosphere Chemical Properties Dissolved Oxygen Dissolved Oxygen Saturation dissolvedOxygenSaturation

Hydrosphere Chemical Properties Dissolved Solids Fixed Dissolved Solids fixedDissolvedSolids

Hydrosphere Chemical Properties Dissolved Solids Total Dissolved Solids totalDissolvedSolids

Hydrosphere Chemical Properties Light Attenuation Coefficient lightAttenuationCoefficient

Hydrosphere Chemical Properties Oxidation Reduction Potential oxidationReductionPotential

Hydrosphere Chemical Properties pH pH

Hydrosphere Chemical Properties Salinity salinity

Hydrosphere Chemical Properties Suspended Solids Fixed Suspended Solids fixedSuspendedSolids

Hydrosphere Chemical Properties Suspended Solids Total Suspended Solids totalSuspendedSolids

Hydrosphere Chemical Properties Suspended Solids Volatile Suspended Solids volatileSuspendedSolids

Hydrosphere Information Battery Voltage batteryVoltage

Hydrosphere Information Sample Count samplecount

Hydrosphere Major Inorganics Calcium calcium

Hydrosphere Major Inorganics Carbon Inorganic Carbon inorganicCarbon

Hydrosphere Major Inorganics Carbon Dissolved Organic Carbon dissolvedOrganicCarbon

Hydrosphere Major Inorganics Carbon Organic Carbon organicCarbon

Hydrosphere Major Inorganics Carbon Total Organic Carbon totalOrganicCarbon

Hydrosphere Major Inorganics Carbonate Alkalinity carbonateAlkalinity

Hydrosphere Major Inorganics Chlorine chlorine

Hydrosphere Major Inorganics Magnesium magnesium

Hydrosphere Major Inorganics Potassium potassium

Hydrosphere Major Inorganics Silicon silicon

Hydrosphere Major Inorganics Sodium sodium

Hydrosphere Major Inorganics Sulfate sulfate

Hydrosphere Minor and Trace Inorganics Boron boron

Hydrosphere Minor and Trace Inorganics Heavy Metals Chromium chromiumTotal

Hydrosphere Minor and Trace Inorganics Heavy Metals Copper copper

Hydrosphere Minor and Trace Inorganics Heavy Metals Iron iron

Hydrosphere Minor and Trace Inorganics Heavy Metals Lead lead

Hydrosphere Minor and Trace Inorganics Heavy Metals Mercury mercury

Hydrosphere Minor and Trace Inorganics Heavy Metals Molybdenum molybdenum

Hydrosphere Minor and Trace Inorganics Heavy Metals Selenium selenium

Hydrosphere Minor and Trace Inorganics Heavy Metals Zinc zinc

Hydrosphere Minor and Trace Inorganics Priority Pollutants Antimony antimony

Hydrosphere Minor and Trace Inorganics Priority Pollutants Arsenic arsenic

Hydrosphere Minor and Trace Inorganics Priority Pollutants Asbestos asbestos

Hydrosphere Minor and Trace Inorganics Priority Pollutants Beryllium beryllium

Hydrosphere Minor and Trace Inorganics Priority Pollutants Cadmium cadmium

Hydrosphere Nutrients Nitrogen Albuminoid Nitrogen albuminoidNitrogen

Hydrosphere Nutrients Nitrogen Ammonium Ammonia Ratio ammoniumAmmoniaRatio

Hydrosphere Nutrients Nitrogen Free Ammonia freeAmmonia

Hydrosphere Nutrients Nitrogen Ionized Ammonia ionizedAmmonia

Hydrosphere Nutrients Nitrogen Nitrate Nitrogen nitrateNitrogen

Hydrosphere Nutrients Nitrogen Nitrite Nitrogen nitriteNitrogen

Hydrosphere Nutrients Nitrogen Nitrite + Nitrate nitritePlusNitrate

Hydrosphere Nutrients Nitrogen Organic Nitrogen organicNitrogen

Hydrosphere Nutrients Nitrogen Total Ammonia Nitrogen totalAmmoniaNitrogen

Hydrosphere Nutrients Nitrogen Total Inorganic Nitrogen totalInorganicNitrogen

Hydrosphere Nutrients Nitrogen Total Kjeldahl Nitrogen totalKjeldahlNitrogen

Hydrosphere Nutrients Nitrogen Total Nitrogen totalNitrogen
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Hydrosphere Nutrients Phosphorus Hydrolyzable Phosphorus hydrolyzablePhopshorus

Hydrosphere Nutrients Phosphorus Hydrolyzable Phosphorus + Orthophosphate hydrolyzablePplusOrthophosphate

Hydrosphere Nutrients Phosphorus Organic Phosphorus organicPhosphorus

Hydrosphere Nutrients Phosphorus Orthophosphate orthophosphate

Hydrosphere Nutrients Phosphorus Polyphosphate polyphosphate

Hydrosphere Nutrients Phosphorus Total Phosphate totalPhosphate

Hydrosphere Nutrients Phosphorus Total Phosphorus totalPhosphorus

Hydrosphere Organics Priority Pollutants Acenaphthene acenaphthene

Hydrosphere Organics Priority Pollutants Acenaphthylene acenaphthylene

Hydrosphere Organics Priority Pollutants Acrolein acrolein

Hydrosphere Organics Priority Pollutants Acrylonitrile acrylonitrile

Hydrosphere Organics Priority Pollutants Aldrin aldrin

Hydrosphere Physical Properties Atmospheric Pressure Corrected Barometric Pressure barometricPressureCorrected

Hydrosphere Physical Properties Atmospheric Pressure Uncorrected Barometric Pressure barometricPressureUncorrected

Hydrosphere Physical Properties Atmospheric Pressure atmosphericPressure

Hydrosphere Physical Properties Carbonate Hardness carbonateHardness

Hydrosphere Physical Properties Discharge Groundwater Flow groundWaterFlow

Hydrosphere Physical Properties Discharge Stream Discharge dischargeStream

Hydrosphere Physical Properties Discharge Stream Velocity streamVelocity

Hydrosphere Physical Properties Discharge Streamflow streamflow

Hydrosphere Physical Properties Evaporation evaporation

Hydrosphere Physical Properties Evaporation Actual Evapotranspiration evapotranspirationActual

Hydrosphere Physical Properties Evaporation Potential Evapotranspiration- Penman Method penmanMethod_PET

Hydrosphere Physical Properties Evaporation Potential Evapotranspiration- Priestly Taylor Method priestlyTaylorMethod_PET

Hydrosphere Physical Properties Flux Latent Heat Flux latentHeatFlux

Hydrosphere Physical Properties Flux Sensible Heat Flux sensibleHeatFlux

Hydrosphere Physical Properties Flux Soil Heat Flux soilheatflux

Hydrosphere Physical Properties Humidity Dew Point Temperature dewPointTemperature

Hydrosphere Physical Properties Humidity Wet Bulb Temperature wetBulbTemperature

Hydrosphere Physical Properties Humidity Relative Humidity relativeHumidity

Hydrosphere Physical Properties Other Atmosphere (Other) atmosphere_other

Hydrosphere Physical Properties Other Surface Hydrology (Other) surfacehydrology_other

Hydrosphere Physical Properties Precipitation Dry Periods dryPeriods

Hydrosphere Physical Properties Precipitation Precipitation Amount precipitationAmount

Hydrosphere Physical Properties Precipitation Precipitation Duration precipitatonDuration

Hydrosphere Physical Properties Radiation Downward Solar Radiation downwardSolarRadiation

Hydrosphere Physical Properties Radiation Incident Solar Radiation incidentSolarRadiation

Hydrosphere Physical Properties Radiation Incoming PAR incomingPAR

Hydrosphere Physical Properties Radiation Net Radiation netRadiation

Hydrosphere Physical Properties Radiation Net Solar Radiation netSolarRadiation

Hydrosphere Physical Properties Radiation Reflected Solar Radiation reflectedSolarRadiation

Hydrosphere Physical Properties Radiation Solar Irradiation solarIrradiation

Hydrosphere Physical Properties Radiation Total Radiation totalRadiation

Hydrosphere Physical Properties Refractivity refractivity

Hydrosphere Physical Properties Secchi Depth secchiDepth

Hydrosphere Physical Properties Snow Ground Snow Depth snowDepthGround

Hydrosphere Physical Properties Snow Snow Depth snowDepth

Hydrosphere Physical Properties Snow Snow Depth snowGround

Hydrosphere Physical Properties Snow Snow Temperature snowTemperature

Hydrosphere Physical Properties Snow Snow Water Content snowWaterContent

Hydrosphere Physical Properties Snow Snow Water Equivalent snowWaterEquivalent

Hydrosphere Physical Properties Soil Moisture moistureSoil

Hydrosphere Physical Properties Specific Conductance specificConductance

Hydrosphere Physical Properties Specific Conductivity specificConductivity

Hydrosphere Physical Properties Temperature Air Temperature temperatureAir

Hydrosphere Physical Properties Temperature Air Temperature airTemperature

Hydrosphere Physical Properties Temperature Dry Bulb Temperature dryBulbTemperature

Hydrosphere Physical Properties Temperature Soil Temperature temperatureSoil

Hydrosphere Physical Properties Temperature Water Temperature temperatureWater

Hydrosphere Physical Properties Turbidity turbidity

Hydrosphere Physical Properties Vapor Pressure vaporPressure

Hydrosphere Physical Properties Water Level Groundwater Level waterLevelGroundWater

Hydrosphere Physical Properties Water Level Groundwater Level (Other) groundWaterLevelOther

Hydrosphere Physical Properties Water Level Groundwater Level- Land Surface Datum groundWaterLevelDatumLandSurface

Hydrosphere Physical Properties Water Level Groundwater Level- MSL Datum groundWaterLevelDatumMSL

Hydrosphere Physical Properties Water Level Groundwater Level- NAVD88 Datum groundWaterLevelDatumNAVD88

Hydrosphere Physical Properties Water Level Groundwater Level- NGV29 Datum groundWaterLevelDatumNGVD29

Hydrosphere Physical Properties Water Level Lake Gage Height gageHeightLake

Hydrosphere Physical Properties Water Level Lake Stage- MSL Datum stageLakeDatumMSL

Hydrosphere Physical Properties Water Level Lake Stage- NAVD88 Datum stageLakeDatumNAVD88

Hydrosphere Physical Properties Water Level Lake Stage- NGVD29 Datum stageLakeDatumNGVD29
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Hydrosphere Physical Properties Water Level Stream Gage Height gageHeightStream

Hydrosphere Physical Properties Water Level Stream Stage stageStream

Hydrosphere Physical Properties Water Level Stream Stage (Other) stageStreamDatumOther

Hydrosphere Physical Properties Water Level Stream Stage-  MSL Datum stageStreamDatumMSL

Hydrosphere Physical Properties Water Level Stream Stage-  NGVD29 Datum stageStreamDatumNAVD88

Hydrosphere Physical Properties Water Level Stream Stage- NAVD88 Datum stageStreamDatumNGVD29

Hydrosphere Physical Properties Water Level Water Depth waterDepth

Hydrosphere Physical Properties Wave Height waveHeight

Hydrosphere Physical Properties Wind Absolute Wind Gust Velocity windGustVelocityAbsolute

Hydrosphere Physical Properties Wind Absolute Wind Velocity windVelocityAbsolute

Hydrosphere Physical Properties Wind Wind Direction windDirection

Hydrosphere Physical Properties Wind Wind Gust Direction windGustDirection

Hydrosphere Physical Properties Wind Wind Run windRun

Hydrosphere Physical Properties Wind Wind Velocity Ordinal windVelocityOrdinal
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Appendix B: WFS Catalog 

Academic Data Services 

Idaho Waters Dry Creek Experimental Watershed: Geochemistry, groundwater 

recharge, infiltration, basin precipitation processing, soil water distribution, streamflow 

generation, and runoff data for 8 sites near Boise Idaho. 

http://129.116.104.172/arcgis/services/BoiseState_DCEW/GeoDataServer/WFSServer 

San Diego River Park Foundation:  

http://129.116.104.172/arcgis/services/SDSC_SDRPF/GeoDataServer/WFSServer 

Texas A&M Corpus Christi: Water quality data for Corpus Christi. 

http://129.116.104.172/arcgis/services/TAMUCC_CCBay/GeoDataServer/WFSServer 

Texas Commission on Environmental Quality: TCEQ Regulatory Activities and 

Compliance System database. 

http://129.116.104.172/arcgis/services/Texas_TCEQ/GeoDataServer/WFSServer 

Florida Department of Environmental Protection: Nitrite Nitrate, Nitrate, and TP data 

from FDEP. 

http://129.116.104.172/arcgis/services/UFlorida_flstoret/GeoDataServer/WFSServer 

Santa Fe USGS Groundwater Level Data: Water levels above NGVD29 obtained from 

USGS for Santa Fe basin in Florida. 

http://129.116.104.172/arcgis/services/UFlorida_GWLUSGS/GeoDataServer/WFSServer 

Santa Fe ISUS: In-Situ Ultraviolet Spectrometer (ISUS) measurements of in-situ 

dissolved chemical species: 

http://129.116.104.172/arcgis/services/UFlorida_ISUS/GeoDataServer/WFSServer 

Santa Fe MICROWAVECITRA: Detailed water energy balance measurements for the 

Santa Fe basin in Florida. 

http://129.116.104.172/arcgis/services/UFlorida_microwavecitra/GeoDataServer/WFSSe

rver 

Santa Fe Ground Water Level SRWMD: Suwannee River Water Management District 

groundwater level records for 1,089 wells. 

http://129.116.104.172/arcgis/services/UFlorida_SRGWL/GeoDataServer/WFSServer 
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Santa Fe YSI Nitrate Monitor: Data from nitrate sensor YSI 9600 Nitrate Monitor. 

http://129.116.104.172/arcgis/services/UFlorida_YSI/GeoDataServer/WFSServer 

University of Iowa IIHR Nexrad: 

http://129.116.104.172/arcgis/services/UIowa_nexrad/GeoDataServer/WFSServer 

University of Iowa IIHR Tipping Bucket: 

http://129.116.104.172/arcgis/services/UIowa_TB/GeoDataServer/WFSServer 

University of Iowa IIHR Water Quality: 

http://129.116.104.172/arcgis/services/UIowa_WQ/GeoDataServer/WFSServer 

Baltimore Waters Test Bed Ground Water Level Data: 

http://129.116.104.172/arcgis/services/UMaryland_BaltGW/GeoDataServer/WFSServer 

Baltimore Waters Test Bed Tipping Bucket Rain Gage Data: 

http://129.116.104.172/arcgis/services/UMaryland_BaltPrecip/GeoDataServer/WFSServe

r 

Baltimore Ecosystem Study Stream Chemistry Data: 

http://129.116.104.172/arcgis/services/UMaryland_BESOD/GeoDataServer/WFSServer 

Baltimore Ecosystem Study Soils Data: 

http://129.116.104.172/arcgis/services/UMaryland_BESSoil/GeoDataServer/WFSServer 

Crown of the Continent Observatory Snow Data: 

http://129.116.104.172/arcgis/services/UMT_COTsnow/GeoDataServer/WFSServer 

University of North Carolina MODMON: Neuse River Estuary Modeling and 

Monitoring Project 

http://129.116.104.172/arcgis/services/UNC_modmon/GeoDataServer/WFSServer 

Little Bear River WATERS Test Bed: Water quality monitoring for Little Bear River 

collected by Utah State University. 

http://129.116.104.172/arcgis/services/Utah_LBR/GeoDataServer/WFSServer 

Mud Lake Utah: Water quality monitoring data collected by Utah Water Research 

Laboratory of Utah State University. 

http://129.116.104.172/arcgis/services/Utah_MudLake/GeoDataServer/WFSServer 
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National Data Services 

USGS National Water Information System Daily Values:  Streamflow, groundwater 

level, and water quality data from USGS gaging stations. 

http://129.116.104.172/arcgis/services/NWIS_DV/GeoDataServer/WFSServer 

Texas NWIS Daily Values: Streamflow, groundwater level, and water quality data from 

USGS gaging stations for all Texas sites. 

http://129.116.104.172/arcgis/services/TX_NWIS_DV/GeoDataServer/WFSServer 

National Climatic Data Center Integrated Surface Hourly Data: Global hourly 

observations of climate and weather data compiled from numerous sources. 

http://129.116.104.172/arcgis/services/NCDC_ISH/GeoDataServer/WFSServer 

USDA-NRCS SNOTEL Data Network: United States Department of Agriculture 

Natural Resource Conservation Service Snowpack Telemetry data on snowpack and 

related climate data in the Western United States. 

http://129.116.104.172/arcgis/services/SNOTEL/GeoDataServer/WFSServer  
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Appendix C: Ingesting a WFS into ArcMap 

This tutorial provides user instructions for extracting the data contained in a Web Feature 

Service using the ESRI ArcGIS suite of tools. The WFS used in this tutorial is an 

example of the data currently being served by the Center for Research in Water 

Resources. The WFS for each individual data service contains a geodatabase with one 

Sites feature and two tables. Each table is named with the network name followed by one 

of the three words, indicating the table type: 

 Catalog 

 Sites 

 Variables 

This tutorial goes on to describe how to build relationships between these in order to 

facilitate data discovery. 

The URL provided with a Web Feature Service (WFS) can be used to obtain data with 

the Interoperability Connections in ArcGIS. To add an interoperability connection, open 

ArcCatalog and scroll down to the bottom of the catalog window on the left. 
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Double click on Add Interoperability Connection to open the dialog box. Select WFS 

(Web Feature Service) as the format and past the URL for the WFS in the Dataset field. 

This example uses the Idaho Waters Dry Creek Experimental Watershed. 

 

Next, hit Settings to open the following dialog box. 
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Click the ellipsis in the constraints menu to open the table list. Select all four tables in 

this list by placing a check mark next to the table name. Hit OK on all three menus to 

accept the selections. A new connection should now appear in ArcCatalog under the 

Interoperability Connections folder. 
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Select the new connection, called Connection (1) – WFS.fdl in this case, to view the 

contents. There are three feature classes in this WFS: 

 BoiseState_DCEW_Catalog 

 BoiseState_DCEW_Sites 

 BoiseState_DCEW_Variables 

Though they appear as feature classes, there is no geographic information associated with 

these the Variables and SeriesCatalog at the moment.  

Viewing Data 

Open ArcMap using a new empty map. Add the data by selecting the add data button and 

selecting the interoperability connections as the location. 
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In the Interoperability Connections folder, navigate to the newly created connection and 

add all three features.  
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Glossary  

 

AuthCode – authorization code provided by organization 

County – county in which data is measured 

DataType - indication of the kind of quantity being measured (e.g.: instantaneous, 

continuous, cumulative, incremental, average, maximum, minimum, categorical, constant 

over interval) 

EndDate – the date and time of the last observation in the dataset 

GenCat – category of observation (e.g. Water Quality, Climate, Hydrology, Geology, 

Biota, Instrumentation, or Unknown) 

HydroID – a feature identifier populated throughout the data model that is unique within 

a geodatabase 

IsRegular – indicates if the time spacing is regular with „True‟ or „False‟ 

Latitude – the latitude at which the observation was made 

Longitude – the longitude at which the observation was made 

Method – information about physical samples analyzed in a laboratory 

Network – the abbreviation for the data source or observation network that the 

observation is associated with 

NoData – indicates the value used to represent no measured data value 

QualLevel – code used to identify the level of quality control to which data values have 

been subjected 

SampleMed – the medium in which the sample was collected (e.g. water, air, sediment, 

groundwater, etc.) 
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SiteCode – a unique identifier that each site is referred to as, the network plus the value 

of the SiteCode (e.g. 'network:SiteCode') 

 SiteName – name of the site at which the observation was made 

SourceDesc – information on the original source of the observation (e.g. from a specific 

instrument or investigator 3rd party database)  

SourceName – the organization or entity providing the measurement 

StartDate – the date and time of the first observation in the dataset 

State – name of the state in which the observation  

TimeSupp – element containing the time support (or temporal footprint) of the data 

values 

TimeUnits – time unit of measure 

TSTypeID – identifier for the type of observation time series 

Units – variable unit of measure 

ValueCount – numerical count of values observed  

ValueType – text value indicating what type of data value is being recorded 

VarCode – (Variable Code) the unique identifier that each variable is referred to as, the 

network plus the value of the VarCode (e.g. 'network:VarCode')  

VarName – (Variable Name) the name of the physical, chemical, or biological quantity 

that the value represents (e.g. streamflow, precipitation, water quality) 
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