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Purpose

Background on CUAHSI and the CUAHSI Water
Data Center

Overview of Hydrologic Information System
Case Studies of Data Publication
Near Future Plans for the Data Center



What is CUAHSI?

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

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

Founded in 2001

Over 100 members

— Primarily US universities, international affiliates,
and private companies




National Science Foundation

e US Federal Agency that
promotes scientific research

— Provides resources for
academic community through
competitive grants

* Provides majority of funding
for CUAHSI




What is the CUAHSI Water Data
Center?

* Facility funded by the National Science
Foundation

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



CUAHSI WDC Activities

Data catalog: creation, maintenance, services
and curation

User and developer support.

— Assistance with publishing new data sources
and/or software

Strategic partnerships with academia and
industry

Outreach and education



Who am I?

e User Support Specialist for the Hydrologic
Information System at the CUAHSI Water Data
Center
— Help researchers find data
— Help researchers publish data
— Aid in product development by working with

» Software engineers
* Users Committee



Hydrologic Information System
Research Project

* Led by Professor David Maidment (University
of Texas at Austin) with...
— Utah State University
— San Diego Supercomputer Center
— Idaho State University
— City College of New York
— University of South Carolina
— CUAHSI

CUAHSI

HIS

Sharing hydrologic data




Hydrologic Information System
Research Project

* A system for sharing time series water data
— Observations at a single location over time
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Some findings from the CUAHSI HIS
Reseach Project

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

Define standards for data publication (WaterML).
Write data discovery clients that utilize the standards.

Adapt existing data sources to conform to standards
by writing translators between existing and standard
data formats.

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

Include terms and synonyms that describe data in a
variety of scientific contexts.



Web Paradigm

Catalog

Web Server Browser
(CNN.com) (Firefox)




Service Oriented Architecture

HIS Central
Data Discovery

HydroServer Data Services HydroDesktop

and other clients

Data Publication Water and Spatial Data Data Access




Web Services

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

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

 Data are returned in a type of Extensible

Markup Language (XML) developed during the
HIS Project called WaterML.



WaterML and WaterOneFlow

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

e Set of query functions

GetSites
GetSitelnfo
GetVariablelnfo
GetValues

WaterOneFlow
Web Service

R

e Returnsdatain WaterML

<timeSeries =
~ <sourcelnfo xsi:type="SiteInfoType"=>

<siteName =Colorado Rv at Austin, TX</siteNamex

<siteCode network="NWIS" siteIlD="4619631">0815800(
- =geolocation:=

- «geoglLocation xsi:type="LatLonPointType" sr=="EPSG

<latitude =30.24465429 </|atitude =
<longitude >-97.694448 </longitude =
</geoglocation=

</geolLocation=
</sourcelnfo=
- <wvariable=

<variableCode vocabulary="NWIS" default="true" variable

=zvariableMame=Discharge, cubic feet per second </vari

<uUnits unitsabbreviation="cfs" unitsCode="35">cubic fee]
</wariable =
- <walues count="2545"=
zvalue dateTime="2006-12-31T00:00:00"=>129 </value=
<value dateTime="2006-12-31T00:15:00"=>129=/value =
<value dateTime="2006-12-31T00:30:00">129</value =
<value dateTime="2006-12-31T00:45:00"=>129 =/value=
<value dateTime="2006-12-31T01:00:00" =124 =/value =
<value dateTime="2006-12-31T01:15:00"=>129=/values =
<value dateTime="2006-12-31T01:30:00">124</value =
zvalue dateTime="2006-12-31T01:45:00"=124 </value=
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HydroServer

e Core components dare.
— Database (most commonly Microsoft SQL)
— WaterOneFlow Web Service

e Additional software includes:
— Data Management software

— Website application
— Map server application



HydroServer — Data Publication
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http://www.campbellsci.com/03001-wind-sentry

The Observations Data Model

* |Information model which the system is based
upon

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

 For detailed information:

— Horsburgh, J. S., D. G. Tarboton, D. R. Maidment
and |. Zaslavsky, (2008), A Relational Model for
Environmental and Water Resources Data, Water
Resources Research, 44 (5).



Observations Data Model

Monitoring Site Locations Diagram Key ODM Version ) Data Sources
[ Sources |
SpatialReferences ) Cardinality W‘;T(—ﬁ(—)—- ISOMetadata
Table :
(M) SpatialReferencelD {PK} ‘IMD o Ee T 11 One and only one ODMVersion (M) Organization (M) Molzfda(alD {PK}
(O) SRSID (O) Field can be Null 4 One or many (M) SourceDescription 4 DescribeSource 1.4 :(M) TopicCategory
(M) SRSName o i (M) Version Number | (0) SourceLink M) Title
(O) IsGeographic Controlled Vocabulary s it (M) ContactName 0..* (M) Abstract
(O) Notes (M) Field cannot be null 0.1 Zato orone (M) Phone | (M) ProfileVersion
u | !
;2 M) LatLongDatumiD {FK] O) Fieid canbe Nult_ (M) Email z {O) MetadataLink |
ReferenceLocalCoords » ¢« Eo}Emv S {FK} (M) Address 3
(O) VerticalDatum 1.1 (m g;ty' é)
—( ate &
:8; tg:é Observation Values (M) ZipCode 3
DefinesCV>  9.* (0) LocalProjectioniD {FK} < Genera® M) Citation 1
[VerticalDatumCV] , , (O) PosAccuracy_m (M) MetadatalD {FK} | (M) Term
(M) Term - (O) State « Create {() Definition
(O) Definition (O) County 0.0 o
(O Commente:_____] DataValues | :
(M) ValuelD {PK} Data Collection Methods
(M) DataValue
Units Offsets 0..* (0) ValueAccuracy lo.* « Resultin Methods LabMethods
(M) LocalDateTime 1.1 (M) MethodID {PK} (M) LabMethodID {PK}
M) UT M) LabName
(M) UnitsID {PK} DescribeOffsetUnits » Oﬁuﬂ’n 1 OffsetLocationOf » }M; gatce(‘l?i"r::l‘ﬂc zg; I\’::::::L?:: i :M; LabOrganization
(M) Unitap w (M) OffsetTypelD {PK} | (M) SitelD {FK} Ry s 1.1 (M) LabMethodName
M) UnitsType 1.1 0.+ (M) OffsetUnitsID {FK} 0. 1 0. (M) VariablelD {FK} L0 i (M) LabMethodDescription
(M) UnitsAbbreviation | (M) OffsetDescription | (0) OffsetValue () LabMethodLink |
: ‘ (0) OffsetTypelD {FK}
1.1 1.1 DescribeTimeUnits » ~ (M) CensorCode Samples
g 1.+ (O) QualifierID {FK} 1 1 (M) Term 0.1 ((M) SamplelD {PK}
DescribeVariableUnits » s W) MahodiD) {FK} —(O) Ll = (M) SampleTy.pe ode 0. ¢ DefinesCV 1.1 SampleTypeCV
bt (M) SourcelD {FK} ‘(M) Term
g (0) SamplelD {FK} A"") LabMethodID {FK} (0) Definition
5 () DerivedFromiD AreDerivedFrom » S
Variables (M) QualityControlLevellD {FK} |
0.* (1 1 [
0.* 0.* SeriesCatalog
K DerivedFrom Value Grouping P) SenesiD (PK)
" [ ventseory e T e o
aluell . rou| .
fA)Deiton__} -—I DefinesCV» (M) VariableCode 1.1 g () Yotoo!D 10 9" iy .?:(FK) 19 g ] Ssotmo
p ol
I v (M) Vari ) M) ValuelD {FK (P) Variable
.::)c:::‘onc 1.1 0-* |(M) Speciation f ) Vel 81 ) <§;::::::m
;(O) Definition DefinesCV » P(M) VariableUnitsID {FK} 1.1 {P) Speciation
) Uomnson I di P) VariableUnitsiD (FK)
I (M) « Group GroupDescriptions {P) VariableUnitsName
?:“;,m meY 1.1 (M) IsRegular (M) GrouplD {PK} fi;\sv‘:;f;;;:mu"
(M) Term ] Definescv» (M) TimeSupport () GroupDescription | ) rimesupport
(O) Definition ‘(M) TimeUnitsID {FK) i 9 (P) TimeUnitsiD (FK}
ValueTypeCV 1.4 0.* |(M) DataType 5 . ','.",?"f,t“"""
(M) Term : (M) GeneralCatogory a Categorical Data P Data Qualifiers (P) GeneraiCategory
1(0) Definition \ {(M) NoDataValue o 8 « Qualify (ziix:a.gi P
O B J A . o pthodDescription
DefinesCV » 0. I 0.5 0. i’ 3 {P) SourcelD (FK)
DataTypeCV £ & \Sy Organization
{(M) Term 1.1 DefinesCV » o 2  QualityControlLevels J Giers 2p;(s;:::;oescmm
{(O) Definition | 3 - f:ategodns é 1.1 (M) QualityControlLevellD {PK} 0.1 ) QualifieriD (PK {P) QualityControiLeveliD {FK}
M) VariablelD {FK (M) {PK} A
v 0. (M) Da"av Ie FK} (M) QualityControlLevelCode 0) QualifierCode {P) Qualit,ControlLeveiCode
@1..1 DefinesCV » - ‘(M) c’:"‘ “:) Soil (M) Definition (M) QualifierDescription
(M) Term (M) CategoryDescription {(M) Explanation == (P) BeginDaleTimeUTC
(O) Definition (P) EndDateTimeUTC
et J (P) ValueCount

Most common form is Microsoft SQL Database,

also used

but MySQL




HydroCatalog

e Catalog that enables search and discovery
» Stores metadata about each data source

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

— Publisher also manually enters metadata about
the data source



Hyd roCatalog

CUAHSI Ontology - March 2010
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Star TreeTm created with Inxight VizServertm

‘ ~: inxight ‘

Variable: Variable Keyword

database contains no unmapped variables Mapping: TYTET, BT T DYEET, T R EE
| | oxygen, dissolved

percent of saturation

oxygen, dissolved p... | delete

Search:
| | lemperature| temperature, water| delete

* Ontology

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



HydroCatalog

I €« C' [3 hiscentral.cuahsi.org/pub_network.aspx?n=52

,,, CUAHSI Login Register

HIS

Sharing hydrologic data Home All Data Services

{) Little Bear River Experimental Watershed, Northern Utah, USA

Utah Water Research Laboratory, Utah State University

LittleBearRiver
UtahState _ S R T
UNIVERSITY WaterML Service: ) Aeri Hybrid

http #icewater.usu. eduittiebearmvercuahsi_1_1.asmx?WSDL v

WFS Service:

http Ahiscentral. cuahsi. org/WFS/A52/cuahsi wis?request=getCapabilities

Contact: Jeff Horsburgh

jeff-horsburgh@usu_edu

435-797-2946

Service Statistics:

Sites: 16 Geographic Extent:

Variables: 61 4171847

Values: 23288662 -111.8484 41117882
41.49541

Last Harvested on 11/30/2013 12:15:50 PM
(updated weekly, assumed current)

10 miles

© 2015 MicrosoR Corporation. © 210NAVTER © AND
© Harrls Carp, Earhstar Geographics LLC

Utah State University is conducting continuous monitoring within the Little Bear
River watershed of northern Utah, USA to investiage the use of surrogate
measures such as turbidity in creating high frequency load estimates for
constituents that cannot be measured continuously.

Haorsburgh, J. S, D. K. Stevens, D. G. Tarboton, M.
0. Mesner, A_ Spackman Jones, and 5. Gurrero
(2009) Manitoring data collected within the Little
Bear River Experimental Watershed, Utah, USA,
Utah State University.

Discharge, Water Quality, Pollutant Loads, Continuous Data, Surrogate
Measures, Oxygen Dynamics, Hydrochemical Response

Public webpage for each data source



Data Access and Discovery

* Open API’s for both HydroServer and
HydroCatalog

— Possible to create independent data access client

* Most commonly used tools are:
— HydroExcel
— HydroDesktop



HydroExcel

e Uses Microsoft Excel to retrieve data from

HydroServers
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4
5 | Get Capabilities Open Service Web Page | Get Sites Get Variables Get Series Catalog | Get All | Clear All
6
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8 Sites TRUE
9 Variables TRUE
10 Site Info TRUE
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12 Time Series TRUE
13
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25 |byu http://hydrodata.netau.net/services/cuahsi_1_1.php?wsdl hydrodata 0 Rainfall and 0 0 0
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HydroExcel

E Home | Insert Page Layout Formulas Data Review  View  Developer  AddIns  Acrobat 2@ o @ =
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1 For Help Scroll Left About the Data You're Viewing
2  Series Catalog Options Data Source http://hydroportal.cuahsi.org/Wilkes/cuahsi_1_1.asmx?WSDL
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T
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15 7/5/2011 B:55: 179 nc Temperatu  7/5/11 Jul-11 201 186 7 8:00
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& HYDRODESKTOP

* Open source Geographic Information System (GIS)

— Extensible = Developers can create “plugins” that
enhance functionality

e Searches HydroCatalog for data; downloads data from

Start T

Select Area Select Keyword(s) Select Time Range

HydroServers

(Where?) (What?) (When?)

v

Select Source(s)

(Who?) Click Search Download Data

End
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Year 1 of Becoming the CUAHSI Water
Data Center

From “prototype” to
“product”.



Case Studies of Data Publication

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

Shale Network
Ipswich River Watershed Association
Little Bear River Experimental Watershed



United States Geological Survey
(USGS)

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

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

ZUSGS

science for a changing world



NWIS Data in the CUAHSI HIS Catalog

e Data are transformed by CUAHSI HIS team

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

e Largest volume of data in CUAHSI Water Data
Catalog

— Trusted source of water data

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



National Aeronautics and Space
Administration (NASA)

* NASA operates US civilian Space programs

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




NASA Data Products

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

* High community demand

— Global coverage

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

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




Shale Network

e Research project funded by National Science
~oundation

* |nvestigating possible impacts of exploitation
of Shale gas on water resources

* Led by Professor Susan Brantley, Pennsylvania
State University with...

— Pittsburgh University

— Dickinson College
— CUAHSI




Shale Network

* Aggregating data from multiple sources
including

— Academic research projects

— Local governments

— Citizen scientists

— Want to include data from industry

 CUAHSI supports project through user support
and data hosting




Shale Network
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Ipswich River Watershed Association

* Citizen science group that monitors local river

— Dissolved oxygen, temperature
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Little Bear River Experimental
Watershed

* Monitoring of local watershed by researchers
at Utah State University

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



ittle Bear River Experimental
Watershed

1 littlebearriver.usu.edu

= UtahState
% J%; WATERS Test Bed

UNIVERSITY

Little Bear River

Little Bear River WATERS Test Bed Project

The Little Bear River Test Bed. which is located near Logan, UT, is an environmental research facility
associated with Utah State University. It is one of 10 WATERS Network test bed projects located
across the United States and funded by the National Science Foundation. These test beds focus on

S N e peas environmental sensors, deployment of sensor networks, development of new modeling tools, and
: development of cyberinfrastructure

This website presents continuous environmental monitoring data being collected in the Little Bear River.
These data are stored in a database that uses the CUAHSI D
several different data access applications

Observations

Jata Model and are served via
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Near Future Goals

1. New data discovery client
2. Easing data publication process
3. Federated Catalogs



Faceted Search

* New method for data discovery

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

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



Faceted Search Client

ehttps:,-’c’data.cuahsi.org:‘= x 4§
& C' & nhttps//data.cuahsi.org/#

Available Data

Sample Medium (8 options)

Organization (6 options)

Variable Name (1102 options)

Data Type (5 options)
Value Type (5 options)

Network (9 options)

Select at least one option from the lists above and
click Search to view sites of matching data on the
map. Pan or zoom the map to find sites matching
your choices in other areas.
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Challenges in Data Publication Process

* Need Improved Semantics
— Integrate other disciplines via linked data (SKOS)

* Need to Re-Engineer Data Uploader

— Improved usability = Develop feedback
mechanism for data that does not comply with
ODM specifications



Federated Catalogs

* Create a “catalog of catalogs”

* |International interest in deploying CUAHSI HIS
software

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



Long-term Questions for the CUAHSI
WDC

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

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

e What kinds of data fusion services best enable
research?



Questions?

6 UNIVERSITIES ALLIED FOR WATER RESEARCH

Jon Pollak
jpollak@cuahsi.org



