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Chapter 1. INTRODUCTION

By DavidMaidment, The University of Texas at Austin

1.1 CUAHSHYDROLOGItNFORMATIONSYSTEM

TheConsortium of Universities for the Advancement of Hydrologic Science, Inc (CUntd $Www.cuahsi.org
is an organization representing 122 US universities, which is supported by the Earth Sciences Division of the
National Science Foundation to develbp/ F NI & (G NUzOG dzNBE | yR aASNWAOSa G2 I RAIyOS
dzy AGSNEAGASAD® hyS O2YLRYSyd 2F /11 {LQa FTOGAQGAGE:T | faz
Information System (HIS) project, which is developing infrastrucnceservices to improve access to hydrologic
data. The overall goals of this project are:

Data Access providing better access to a large volume of high quality hydrologic data;

Hydrologic Observatorieg storing and synthesizing hydrologic data faegion;

Hydrologic Science supporting science by providing a stronger hydrologic information infrastructure;

Hydrologic Educatiorg bringing more hydrologic data into the classroom.

The purpose of this report is to inform a review in October 2009 of the CUAHSI HIS project by the HIS Standing
Committee, a group of water and computer scientists drawn from academia, government and industry, who are
OKIF NESR o0& /! ! 1 { lwilhdassestingMR prajress 6f thtdBOpiaedtB This report supplements
and updates a comprehensive overview of the HIS project as it stood in July 2008 (HIS, 2008), which described the
HIS project as it existed at that time. Three new water data clipabideveloped as part of the HIS project were
presented in HIS (2008):

Data Storagen anObservations Data Mod¢DDM), which is a standardized relational database structure
for storing and describing time series of hydrologic observations data megdsdipoint locations;

Data Accesi K N2 dza K A y\WaeNat Servicéhat 8ridble querying and accessing time series
observations data stored at remote locations in ODM databases, and in the water databases of public agencies,
and delivery of thes data in a consistent data language, called WaterML;

Data Indexinghrough aNational Water Metadata Catalodpuilt as part of HIS Central at the San Diego
Supercomputer Centeghat assembles in a consistent form the metadata that describe the waterreasen
networks of the nation, and enables data searching across these networks. This catalog presently indexes nearly
10 million time series of water observations data collected at nearly 2 million locations in the United States and
globally.

The HIFroject is carried out by a muidtiniversity team at five universities:
University of Texas at Austig David Maidment, Tim Whiteaker, Eric Hersh, James Seppi, Wendy Harrison
San Diego Supercomputer Centetlya Zaslavsky, David Valentine, Tom Whitenkliat Rodriguez
Utah State University; David Tarboton, Jeff Horsburgh, Kim Schreuders
Idaho State University, Dan Ames, Ted Dunsford, Jiri Kadlec
University of South Caroling Jon GoodallAnthonyCastronova

The San Diego Supercomputer Center (S3308 cyberinfrastructure partner and houses HIS Central, the hub for
providing access to data through web services. The hydrologic science researchers at the other universities focus
on developing the hydrologic information technology to serve anctess the data. In addition, as part of the

recent fiveyear renewal by NSF of the CUAHSI Program Office, an HIS support person, Yoori Choi, has been added
to that office, and Richard Hooper, President and CEO of CUAHSI, is actively assisting the byl 8aealoping

an ontology of key concepts for indexing hydrologic information.

Defining the nature of a Hydrologic Information System is a challenge. The HIS team is trying to create something
that has never existed before, and is operating at the outer limits of current technology. By definition, a system is

1



an array of connectedomponents, and in this instance the components can be defined as software applications
that store, access and index hydrologic information. The connection among them is establistell ssrvices

which are automated functions that enable one computemtake appropriate requests of another computer and
receive responses through the internet. In this sertise,HIS team and its partners aceeating aservices

oriented architecturdor water information. Josuttis (2007) defines a serviogented arcth 41 SOG dzNBS a al O2
that applies to large, distributed information systems that have many owners, are complex and heterogeneous,
and have considerable legacies from the way their various components have developed in the past K A a
definition certainlyapplies to the water resources field which has thousands of agencies and individuals who
collect and archive water information in their own way. It also applies to other fields such as insurance, banking,
health care and public safety, that also have mamstitutions and individuals who store and exchange

information.

Another way of thinking about a Hydrologic Information System is by analogyav@ieographic Information

SystfY ODL{0® ¢2YEAYyazy oOoHnno0 adl S&amntiky1GS Rl (DANA @dzi2 NBAY 1
GIS storage database where analytical functions are controlled interactively by a human operator to generate the
YSSRSR AYF2NNIGA2Y LINRPRdzOG&DPE ¢KAEA RSTFAYAGA2dind YLI ASa
local database and is then available for analysis and interpretation. However, unlike GIS where the data are static

and change little through time, a hydrologic information system is representing phenomena that are inherently

dynamic and vary greatlthrough time.

If we combine these two concepts, the servieggented architecture, and the desktop application which stores
and operates on the information on a local desktop computer, we may define a Hydrologic Information System as
shown in Figure-ll as comprising three components:

HISServeris a repository of hydrologtime seriesdata publishedas WaterOneFlowveb services

HIS Centrails ametadata catalog of data accessible through WaterOneFlow web services

Hydro Desktopaccessefiydrologic déa discovered on HIS Central amctjuired fromHIS Servers

HIS Central

Data Services

HIS Server > Hydro Desktop

CAIdNBE mnm ¢KS GKNBS O2YLRySyida 2F I |1 8RNRt23IA0 Ly

In developing these definitions it is important to recognize that these three components are not unique
hydrology, and indeed the internet itself is also based on these three elements: information servers that publish
text and images in Hypertext Markup Language (HTML), portals such as Google and Yahoo that index published
documents and enable searchiagross them, and applications such as web browsers that access and display the
resulting documents and filesAlso, it is important to note that, like the internet, there may be multiple instances

of each component.



As Figure 41 shows, an HIServempublishes both data and metadas&rvices For example, for a stream gage, the
data consists of the time series of discharge and stage height values recorded at the gage, while the metadata
describes the location of the gage, the variables measured thieeeperiod of record, and the organization that
operates the gage. By contrabtlS Centrahdexes and catalogs only metadata, but it does so across migy H
Servers which contain hydrologic information for a particular geographic regibis. supporta user of
HydrdDesktopwho cansearchthe metadata stored itHIS Centradnd then acquireéhe data directlythrough data
services provided biIS Server Because data and metadata services are public information sources they can be
accessed by any apgdate computer application not just Hydro Desktop.

1.2 WHATG NEW IN20097?

Hydro Desktop

A key innovation for CUAHSI HIS in 2009 is the creatidgar Desktop In other words, operating versions of

the HISServer anHIS Centradlready existed in 2008, and the data and metadata services they provided could

then be accessed through programming languages such as Python, or customized applications such as Hydro Excel,
an adaptation of Excel that access CUAHSI WaterML time setéesatgices. Hydro Desktop is a new local

application that accesses and acquires data from web services, allows for the addition of local files that the user
already has available, and provides an open source platform for hydrologic scientists to loudtbbic analysis
applications and links to hydrologic models.

As shown in Figure-2, Hydro Desktop is intended to access and synthesize water observations data with data

from GIS, climate, and remote sensing, and to provide links to hydrologic mo@leésgoal for 2009 is to have an
operational Hydro Desktop just for water observations data, so that Hydro Desktop can search through metadata

in HIS Centradnd acquire the corresponding data from a set of geographically distriddt88ervers, and that

goal has been accomplished. Since Hydro Desktop is built using MapWindow as a base, it already has a significant
capacity to process and display GIS data. Hydro Desktop includes a local database for time series data and
metadata, and this allows hydigic scientists to store and manipulate information in both space and in time.

Observations

Monitoring St

CA3IdzNBE mnu ¢KS O2YLRySyidia 2F | @8RNR 584102 Lo C2NJ Hn

Hydro Desktop is managed by a new partner in the HIS team, Dan Ames of ld&hor8versity, and it builds on
the MapWindowopen source GIS that he also manages. The source code for Hydro Desktop is maintained in a
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public subversion repository &ttp://www.hydrodesktop.organdthe first executable version was created in

hOG206SN) HAnnpd | @8RNR 5Sa10G2L) Aa dzy RSNH2Ay3 O2yilAyddt R:
PELIKEFEE F2N¥VI GKIFEG A&aX AG LISNF2N)Ma a2yYS FdzyOiarazya al Gaa:
team, but it is not yet ready for testing by a wider audience.

New CUAHSI Water Data Services

During 2009, a number of new WaterML services have been established and existing ones have been improved

and solidified. In September 2009, the USGS began pingigs instantaneous water observations data in

WaterML, after having earlier established a WaterML service for their daily values data. Instantaneous data are
those measured every 15 minutes or at other intervals that are statistically summarize@4&cturs to provide

daily values, such as daily streamflow data. The USGS Instantaneous data service provides access to data at 11188
sites in the United States for a set of 80 variables, a subset of which is measured at each sitdSGBleevice
presentlyprovides instantaneous data up to 60 days before present but the USGS archives of instantaneous data
extend much further back in time and these longer data series may be exposed in WaterML at a later time. The US
Army Corps of Engineers, Rock Idl@nstrict, has published a WaterML service for 2210 sites, mainly in the

Mississippi River basiproviding data mainly for water levels and water quality. The National Climatic Data

/ SYGSNRa LyGSaINIGSR {GFGA2Yy | 2ndaddked atheymRinGJAHSE RIS Cemtrdl S NR [ &
instance housed at SD&6@d can now be searched for information on up to 34 variables measured at 13,628 sites
across the globewith data available up to 36 hos before the present time. Drexel University hatablished a
HydroNexrad web service for gridded precipitation for the Chesapeake Bay Environmental Obsetv21&359

points each located at the center of a cell on a 1km SuperNexrad.mégtiroNexrad is an application for

processing high precision Kiad data developed by the University of lowa, so it is interesting that vedided

data from academic data sources are now starting to play a major role in HIS Central and CUAHSI Water Data
Services.

Usage statistics presented in Chapter 3 show thatamount of data indexed at HIS Central has increased by more
than a factor of ten during the past year from 342 million data to 4.3 billion data, largely becathse of
HydroNexrad serviceThe usage of CUAHSI Water Data Services to asagmsobservéionsdata has increased

by a factor of threesince last year from 450 requests per day to 1500 requests per day, and withinsthge of

USGS water web services through HIS Cemiaalincreased by a factor of ten from 110 to 1100 requests per day.
We anticipate that as the use of HydroDesktop to access data through web services becomes more established,
these usage figures will increase further by a significant amount.

A Texas Hydrologic Information System has been established in collaboraticstatéttevel water agencies in

Texas led by the Texas Water Development Boardingtance of HIS Centratl the University of Texas at Austin

indexes 10 water data servicgesimmarizing state and local water agency and academic data measured in Texas,

together providing more than 1 million water observation time series, where a water observation time series is a

set of measurements of one variabbt one site by one organizatiojcollected over a defined period of time. This

is leading to the publicatioB ¥ ¢ SEIF & 461 6 SN 20,8 SHBEA OK2 Y NRI RF (6t AB88¥XS®2 YL
observations data harvested from the core water data servimgsjuantities such as salinity, evaporation, water
GSYLISNI G§dzZNB ' yR ydzi NASy i ad ovidetdcsss td créf@lly duratedyandgeadiyk ¢ G KSY S
usable data packages of water informatj@ustomized for particular subject areas and geographic regions.

The Inland Northwest Research Alliance (INRA) Constellation of Experimental WATERsheds (ICEVATER) pro
(http://icewater.inra.org) in the Northwest is an operating example of the synthesis of the three components
described in Figure-1, where theHIS Central instands located at Utah State University, and tHESServers are

at Boise State Universitydaho State UniversiffMontana State UniversityJniversity of Alaska Fairbanks

University of IdahpUniversity of MontanaUtah State UniversityandWashington State UniversityTheseHIS
Servers publish bot@UAHSI water observations data services using information stored in the CUAHSI
Observations Data Model and geographic datasets stored in ArcGIS Server. Both the observatioets dauc



http://www.hydrodesktop.org/
http://icewater.inra.org/

about thegeographicspatial data serviceare stored within the QL/Server relational database, which is the
foundation of theHISServer.

Internationalization of WaterML

The initial version of WaterML, version 1.0, was invented by the CUAHSI HIS team and it presently connects all the
HIS components. This is aneted Markup Language (XML) designed to convey water observation time series
data and metadata through the internet, and to support web service requests for these data.

The most accepted international standards for internet transmission of the geospatial data have been established
by the Open Geospatial Consortium (OGC) using GML, or Geographic Markup Language, which is also an XML
language like WaterML. Beginning ip@enber 2008, the OGC has joined with the Commission for Hydrology of
the World Meteorological Organization to establish an OGC/WMO Hydrology Domain Working Group

http://e xternal.opengis.org/twiki_public/bin/view/HydrologyDWG/WebHomeérhe OGC/WMO partnership at the
international level parallels the partnership between cyberinfrastructure experts at SDSC and hydrologic scientists
at other universities within the CUAHSI kd&m.

The Hydrology Domain Working Group meets regularly each three months, generally twice in Europe and twice in
North America each year, as part of the OGC Technical Committee meetings. In the five meetings already held, a
significant amount of pragss has been made in learning about technical developments in water web services in
the United States, Europe and Australia. The goal of the Hydrology Domain Working Group is to design a new
version of WaterML, version 2.0, that will be compliant witB©and WMO information standards, and to test this
with a set of Interoperability Experiments for exchange of water information within countries and across national
borders. The development of WaterML through the OGC/WMO working group signals the eogeofen
international, public domain, open source standards for water data for the first time. If successful and widely
adopted, this could have profound regional, national and global impacts on advancing the communication and
synthesis of water data to spprt water science and water management.

Links with Hydrologic Modeling

One of the key goals of hydrologic information access and synthesis is to support hydrologic modeling. Since
modeling takes place on many software platforms and in many programianiggiages, it is not the goal of the

HIS project to be doing hydrologic modeling, but rather to be linking to hydrologic models so as to provide
information to them and to receive information from them. CUAHSI has a separate initiative, the Community
Hydrologic Modeling Platform (CHyMP), whose goal is to construct and share hydrologic modeling components.
There are two distinct flavors of hydrologic models, lumped and distributed. Lumped modeling means that a
hydrologic system such as a watershediwerr basin is represented by a set of spatially discrete entities, such as
subwatersheds and river reaches, each of which has representative properties, and the hydrologic model solves a
set of ordinary differential equations describing the time variatidiydrologic processes occurring in these
entities. Distributed modeling means that the spatial domain is represented by a mesh or grid of computation
points, and the hydrologic model solves a set of partial differential equations in space and time.

Several modetlata interoperability systems have been developed and the HIS team has tested two of these: the
Open Modeling Interface OpenMl, developed with support from the European Commission, which links lumped
hydrologic models and data sources, and ttarth System Modeling Framework (ESMF), developed by NCAR and
partners, which links distributed models and data sources. An OpenMI plugin for Hydro Desktop has been
developed by Jon Goodall and colleagues in the HIS team at the University of SolitreCanvaterML linkage to

ESMF has been developed by the ESMF team. It would be desirable also to understand how Hydro Desktop can be
linked to the Community Surface Dynamics Modeling System project.

Adaptation of the Hydrologic Ontology


http://external.opengis.org/twiki_public/bin/view/HydrologyDWG/WebHome

A critical eément of the conceptual model of HIS presented in Figdteslthe capacity to search hydrologic

metadata in portals to identify information of particular types. This is complicated by the fact that even though
WaterML smoothes ousyntactic heterogerigy, or variations in data format, it does not eliminate semantic
heterogeneity, or differences in the way variables are described. A brilliant piece of research carried out by Bora
Beran and Michael Piasecki at Drexel University earlier in the HI®{pdejmonstrated how a centralized

metadatabase could be harvested from CUAHSI water data services and how a set of search services for particular
variables could be performed over this metadatabase by using an application called HydroSeek. HydroSeek is
based on a hierarchy of search terms, or hydrologic ontology, expressed as a connected set of files in the Ontology
Web Language (OWL). The HydroSeek application and its underlying metadatabase and search services, were
transferred to HIS Central at SD&81@ are continuously maintained there. As new CUAHSI water data services are
registered at HIS Central and cataloged in the metadatabase, their variables are linked to the concepts in the
hydrologic ontology so that they can be included in HydroSeelckear These search services at HIS Central are

now accessible to the Hydro Desktop application operating at any geographic location. Hydro Desktop can select
particular classes of information, copy their metadata into its own local database, and thesshtire

corresponding observations from thdilS Server, wherever those are located. This greatly simplifies data

searching and acquisition.

As this process evolved, several limitations became apparent. First, it was very difficult to understamd and
manipulate the hydrologic ontology as a connected set of fragmented OWL files. However, the main visualization
tool for the ontology is in a StarTree viewer, and this viewer is based on a tabular listing of the ontology expressed
as a concept pathsyhere each record in the list specifies the sequence of concepts on the path from the central
core concept to a single leaf concept on the outer edge of the concept tree. This simplification suggested that the
CUAHSI hydrologic ontology could be congddn tabular form, and that transformation was accomplished by

Kate Marney and David Maidment at the University of Texas. Matt Rodriguez at SDSC has shown that the whole
metadatabase and its linkage to concept tables, can be presented as a Data Gaig$erver using its OLAP

(OnLine Application Processing) capabilities, which provides rapid access for searching the metadata across a
number of search dimensions, such as site location, time period, selected concepts, and media (air, water, soil)
within which the observations were made. The result will be a more robust and unified metadatabase to support
search services although this system has not been fully implemented yet.

In parallel with the CUAHSI work on hydrologic ontologies, the USGS ahd\PfAr a number of years been

seeking to unify the capacity to search their respective water quality databases by referencing their variable
descriptions to a list of substances in the EPA Substance Registry System. For example, the list of substances
includes Oxygen, so all forms of Dissolved Oxygen measured in water are linked to the term Oxygen as a

substance. The USGS water quality database requires about 1600 substances to index its measured variables. The
CUAHSI HIS team has examined this aggiré@ indexing water quality data using the Substance Registry System

and has decided to use that approach as a point of departure in its future work on indexing water quality data.

Richard Hooper has converted the hydrologic ontology into a relatiortabdae form. In consultation with
colleagues in the CUAHSI community, he is the person who will finalize the concept and structure of the CUAHSI
hydrologic ontology.

Critical Zone Observatories

One of the key goals of the CUAHSI HIS project is to suiyegoublication of data from hydrologic observatories.
These can take several forms, and one thatNaional Science Foundatidarth Sciences Division has chosen to
fund is Critical Zone Observatories, where the Critical Zone is defined to be frotophs the bed rock to the top

of the atmospheric boundary layer, and all the phenomena that lie in between those levels, including surface and
subsurface hydrologic processes. A number of different types of data are collected at Critical Zone Qfesgrvato
but a data inventory compiled of the information being generated at the first three observatories at Penn State,
the University of Colorado at Boulder, and University of California, Merced, showed that regularly sensed or
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irregularly sampled time si&rs of information at point locations produces the main part of the water observations
data collected at those observatories. Three additional Critical Zone Observatories are in the process of being
established. A supplement to the Critical Zone Olesiery grants has been made by NSF to support establishing
web sites for CZO data at each observatory, a common CZO Data Portal for observations time series at the San
Diego Supercomputer Center, and an adaptation of Hydro Desktop to form a CZO Dedktsimilgr search
capabilities for data indexed in the CZO portal.

Regional HIS Training Courses

Tim Whiteaker at the University of Texas developed a 1.5 day training course in preparing and publishing

hydrologic observations data. The course begirtls aiset of ascii files of time series data measured at a network

of observation points in a region, shows how to transform those files and ingest them into the CUAHSI

Observations Data Model in SQL/Server, how to provide access to the resulting daghthatierML web

services, and how to register this WaterML web service at HIS Central and access its data through HydroSeek. This
course has so far been taught at five locatiokielbourne, Australia (Novembe2008), Kansas State University

(March, 2009) University of Texas at Austin (May, 2009), University of Vermont (2008), and University of

lowa (September, 2009). The lowa class was taught by Yoori Choi as she transitions into the role of supporting HIS
implementtion in CUAHSI institution&.similar course was taught &oiseState University (August, 2009) for

participants in the eight universities in the ICEWATER network.

Each of these workshops involves extensive preparation with local partners at the host institution. A dataset of
water observations in the local region is selected, amtl@ Serves set up at the host institution to house the

dataset once it is compiled into the CUAHSI format. Besides academic participants, representatives of regional
water agencies are contactednd invited to participate, so that a beginning can be made for linkage between
academia and government that is needed to establish a regional HIS. Typically, a course in@lvasazizmic

and water agency participants. Once the course is over, ilbenegionalHIS Serveprovides a base and

application for further development of HIS. In this way, the leadership that CUAHSI water scientists provide from
their universities is used as a catalyst for water data synthesis in their state or region.

1.3 WHATHAVE WE LEARNRD

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

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

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

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

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

1 Hydrologic observations data collected by academic investigators are project orietttegt are collected
to support a particular set of research goals funded by a research project of finite duration. The ODM
and WaterML web services built #ite project site are one way of storing and providing public access to

(iKS RIGI RdNAyYy3I GKS LINRP2S0GQa RdNI GA2yS FyR F FiSNI A
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1 An alternative model is to wait until the project is mature and then capture the data in whatever form it is
in, ingest it into the ODM, and store it in a centralized repository at SDSC. This is the path being followed
with the Critical Zone Observatories, who are going to internally manage their data in whatever way they
choose.

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

1 Registering WaterML welesvices and building and maintaining a National Water Metadata Catalog at
HIS Central requires continual investment and effort. Having a single national source of such metadata
has some advantages but it does not serve all purposes. Equivalent neeficas@xist within states
and regions who may have little interest in information from distant locations in the nation, but a great
interest in synthesizing national, state and local information for limited geographic areas. This requires
the deploymentof a standardized Hydro Portal whose contents can be cataloged, and searched from
within neighboring Hydro Portals and by external applications. We think it is possible to accomplish this
by using the Hydro Portal adaptation of the ESRI Geoportal &gteprogrammed for the HIS team by
the ESRI Water Resources Applications g]rdmpt this capability is not fully tested yet and will take time
to solidify and systematize.

I The idea of applying CUAHSI HIS technology at the state and regional level ¢egsaittiey to capture
state and local water observations data that are not included in national datasets compiled by federal
agencies. The regional and std¢eel HIS workshops conducted during the past year have been valuable
in establishing this role isome parts of the nation. The leadership with their state and region provided
o /11 {L aoOASyitraida FTNRY (GKSANI dzyAPSNBRAGASA Aa
repository of indexed water data accessible in WaterML. Becaube ofeutral role of academia in
interaction with government water agencies, CUAHSI scientists have a unique opportunity to provide this
leadership. If not us, then who? If not now, then when?

1 TheHISServer anHIS Centratomponents of the HIS are fouad on mature commercial information
technology that is adapted to serve the purposes of HIS. This approach is used so that as the underlying
technology evolves with emerging information standards, the HIS server and search capabilities
themselves can evee with minimal need for maintenance effort by the HIS team.

1 The Hydr@®esktop component of HIS is an open source, public domain application with a public
subversion repository for its source code to encourage others in the HIS and related commundias to |
in engaging in its development by producing ping that provide additional functionality. This is the
part of HIS that the users directly interact with and wish to enhance so it is important that this component
is available free of charge and issetually crosslatform compatible, especially between the Windows
andMacintoshoperating systems.

I The elements of the Hydrologic Information System shown in Figararg probably complete enough
that there is no need to add major additional compaot® What is needed over the remaining two years
of the project is to solidify the technology and engage and train the CUAHSI community in its use.

! The HIS team wishes to express its appreciate to the Environmental Systems Research Institute and to Dean
Djokic and his programming team in the ESRI Water Resources Applications Group for their many contributions to
our research, which are provided freé charge to the HIS project.
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1.4 ScopPE OAHISREPORT

This report containgight chapters, beginning with this introduction, Chapter Ondaier Two summarizes the
Hydro Desktop application and its development. Chapter Three desttlBe€entral and CUAHSI Water Data
Services. Chapter Four describes the architecture of HIS Server and its application in support of the ICEWATER
network amang universities in the Northwest. Chapter Five describesTexas Hydrologic Information System as

an example of CUAHSI technology applied at the state rather than national level. Chiaptenmarizes the

present conception of the Hydrologic Ontology. Chafteverdescribes our work on linking hydrologic data and
models. ChapteEightsummarizes our HIS education and communication activities.

1.5 REFERENCES
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Team and edited by David R. Maidmdhmitp://his.cuahsi.org/documents/hisoverview.pdf
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Chapter 2. HYDRMESKTOP

ByDan Ames, Idaho State University

2.1 INITIALOBJECTIVES

HydroDesktogformerly referred to as HIS Desktojs)a new component of the HIS projectended toaddresshe

LINEOfSY 2F K2¢g (2 20GFAYyZ 2NHIYATS FyR YIFylF3S KeRNRBf 23,
modeling. As designed and developed thus far, Fydlesktopisfocused on facilitatinghe discovery and access of

hydrologt data and, secondarily, providisgpport for data manipulation and synthesi.also provides a

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

HydroDesktops being developed using tlopen sourceMapWindow 6 open source G{§eographic information
system)softwaredevelopment toolkit together with a number of existing open source spatial and temporal data

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

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

maintained athttp://www.HydroDesktop.orgvhich is based on a community open source software development

portal maintained by Microsoft. Additionally, HydroDeskibpa RS & A 3y Y I Ay (-dnArghiectir&k S dza S 2 ¥
thatl £ £ 2638 F2NJ GKS SEGSyaArzy 2F (KS thdp@rapadicip&ian inQeNS T dzy O
open development community.

This chapter provides a brief overview of the HydroDesktop program as it exists thus far then address progress
regardng data discovery and manipulation and community development.

2.2 OVERVIEW

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

Gl L{ 5Sald2L) Attt 0SS | LIXFGF2NY F2N GKS &aapplifiond GA2Yy 2°
such as R, MATLAB, and Excel, or in custom code developed by the end user. The HIS Desktop design paradigm
includes the use of a pldg architecture and data abstraction layer that will allow extension of the core

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

of the Internetbased, SOA that the CUAHSI HIS project has developed for the sharing of hydrologic data.

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

To support these goals, we have developed HydroDesktop with a familiar primary interface similar to most desktop
GIS programs witthe addition of tools and forms specifically related to time series data visualization and analysis.

Figure2v &dK2g¢a 0(GKS |1 @RNR5S&16G2L) RSFlLdzZA G AYGSNFLIOBain a Ad L
Menu, Toolbar W+ A S &, Qegdndladdia mairMap Display TheMap Displayis the main visualization tool while

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

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

researches. With this wide base of users in mind, HydroDesktop maintains a user friendly interface that can be
StraArfe YrFyF3aSR NB3IFNRfSaa 2F GKS 2LISNFd2NRaE GSOKYyAOFf
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HydroDesktop

File  Edt Extensions  Search

= S e

=] Dhservation Data
= Base Map Data
B 7] fivers

=] ;es

=] HUC watersheds
=] Eunt\es

=] states

=] Courries

=] Ocean Depth

Lat: 15.719178 Lon: -59.786910 [ 1%

Figure 21 HydroDesktop Main Interface

2.3 DISCOVERING ANACCESSINDATA

HydroDesktop uses the methods frofmetHIS Central metadata catalog Application Programming InterfeéRke (

to provide search capabilities across the catalog to determine relevant data sets for a specific user. A series of data
discovery forms habeen developed to provide the user with a quick and easy, step by step medarohgthe

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

simply by clicking thd#% Search and Download Dabautton in theToolbar These forms present the user with the

option to input one or more of the subsequent seaxsiteria.

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

Search and Download Data |:||Ellz|

1. Select Search Options

(3) Search in HIS Central

() Search in Local Metadata Cache

Figure 22 First Data Discovery Form
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The second form creates a latitude/longitudeunding box to serve as the spatial constraint on the quEhys

form makes use of the interactive map to set the context for the data discovery. An area of interest is often used
as a filter for narrowing a search for datihe box can baput by typng in coordinates, ypdrawing a rectangle on

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

watershed boundarya county or a state the extent of the featurds converted to a latitude/longitude &x).

Note that this and subsequent forms can be skipped or that the search can be run at any given point in the series
of forms. All that is necessary is that at least one of the criteria be entered.

Search and Download Data

Select Area Area Selection Method
Latitude; 14.242 M -BO.758 N [ Draw Rectangle ] [ Select State ] [ Select HUC ]
Longitude: 125.000 W - B5.000 W [ Select Palygon: ] [ Select County l

El £F Map Frame
B [ rivers

= lakes

B [ HUC watersheds

]

B [ counties

= @

[ Back l [ Run Search l lMorertions..

Figure 23 Second Dat Discovery Form

The third form allows the user to search concepts from the HIS Ontology. The onAbalegy search uses
keywords that are either input by the user or selected from a list.
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. /Search and Download Data

3. Select keyword (variable name)

Kemward: | Selected Kepwords:
Abzolute A

Acenaphthens ] Add —>

Acenaphthylens

Acrolein

Acnylonitrile b

Air Temperature
Alburinoid Mitrogen
Aldrin

Antimony

Arsenic

Azbestos
Atmospheric
Battery Woltage
Benylliurm

Baoron
Cadmium
Calcium
Carbonate Alkalinity

Carbonate Hardness

Chemical Oxygen Demand [COD)

Akmo:

<

l Back l l Fun Search l More Optionz..

Figure 24 Third Data Discovery Fm

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

query. This function is especially important to the purposes of the HIS project in that it deals with observational
time series data as weds simple geospatial data.

Search and Download Data

4. Select Date Range

Start Date End D ate
Sunday , October 12,2008 w Monday , October 12,2003 %

l Back l l Run Search l

tore Options..

Figure 25 Fourth Data Discovery Form

The fifth form provides a list afeb services to include in the search. Tibis userspecified subsedf the web
servicesregistered at HIS Central thémits search results to only a selected set of servic€se user may also
elect to search through the entire catalog of registered HIS Central web services.
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Search and Download Data

5. Select Data Web Services

[ Select &l [] Select Mone

[ M5 Daily Values

[ MwlS Instantaneaus Iregular Data

[ M5 Unit Y alues

[] EPASTORET

[] Chesapeake Bay Information Management System
[] Mud Lake Idaha

[] San Diega River Park Foundation

[] Crown of the Continent Observatory Snow bt

53

l Back ] [ Run Search ‘

Figure 26 Fifth Data Discovery Form

All of the data series caliaged at HIS Central that meet the search criteria are returned in a format that allows the
user to easily streamline and store the results of the query. Once the search is finished, the user can view the
results plotted on a map or in table format. Figs 27 and 28 show the results of the data discovery process as it
appears in these two different views. This process will be discussed in the next section.

Figure 27 Data Discovery Results in Map Form
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