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Water Cycle Research Making a Difference
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Federation of Earth Science Information Partners
Water in the climate system functions on 

all time scales:  From hours to centuries

ESIP motto: “Making Data 

Matter”

Satellites generate 

data; In situ 

instrumentation 

generates data

Data are needed to describe the state of the Earth system, i.e., 

bountiful water or disaster mode. So data MUST be linked to 

applications and decision support systems.  
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Common Themes Among CUAHSI, 

WaterNet, State-of-the-Global-Water-

Cycle 

• Web Services—automate the process of acquiring 

data

• Model programming environment

• Framework accepting ―plug in‖ model modules

• High-speed data transmission

• Cyber-Infrastructure  (including parallel programming 

or cluster requirements)

• Ontology and Semantic Web to connect together 

variables in application services and model variables
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Contributions from Earth System 

Science
• In situ networks

• Operational satellite-based monitoring of the 

hydrosphere

• Simulation models and data analysis tools (NWP-

4DDA, GCMs, RCMs, ESMs)

• Geo-referenced social science data

…are creating new ways to 

view the “global water crisis”

…to inform policy and 

improve management
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TYPICAL SCHEME TO GENERATE 

OPERATIONAL WATER FLUX 

ESTIMATES
Ipswich R.  Runoff Validation 1993-1995
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State-of-the-Global Water System: Moving toward Operational 

Assessments

Rural Flood Exposure / Hazard / Damage Mapping

Geospatial 

Socio-economics

Derived Products

(e.g. hazard exposure)

Exposure in 2005

1.3B person-days

Rural
population

Cropland
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CUAHSI Contribution

Presentation Kindly Offered by Dr. Michael Piasecki, 

Drexel University
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Waters Observatory Network

• Observe water systems

• Observe in many different contexts and for 

different purposes

• Have a Waters Network Information 

System for sharing data

– Common language for data

– Geographic federation of dispersed data 

sources through web services

Drexel Department of Civil, Architectural & Environmental Engineering
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WATERs Network

Susquehanna

SRBHOS

Chesapeake Bay

CBEO

Corpus Christi Bay

CCBay

IdahoWaters

Minnehaha Creek

Minnesota
Baltimore

Maryland

Little Bear

Mudlake
Flathead River

Montana
Clear Creek

Iowa

Pamlico Sound

FerryMon

Santa Fe River

Florida

Arizona

Water Info System

San Joaquin

Sierra Nevada

Objectives

• Integrate into WATERs network through

installation of WATERs compliant CI appliances

• Submission of data sources into node database

=> active participation!

• Develop CI components that help WATERs as a whole

=> active testing on CBEO Node      

10 WATERs test bed sites (NSF)

other test bed sites (NSF)

Sites with political boundaries

WATERs network communication

1) WaterOneFlow web-services

2) WaterML data packages HydroSeek DASH

Idaho Hydro CBEO-GEON

Drexel Department of Civil, Architectural & Environmental Engineering
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Locations
Variable Codes

Date Ranges

WaterML and WaterOneFlow

GetSiteInfo

GetVariableInfo

GetValues

WaterOneFlow

Web Service

Client

STORET

NAMNWIS

Data

Repositories

Data

DataData

EXTRACTTRANSFORM
LOAD

WaterML

Drexel Department of Civil, Architectural & Environmental 

Engineering



18 July 2008, Page 11

• Search multiple heterogeneous data sources simultaneously 

regardless of semantic or structural differences between them

NWIS

NARR

NAWQA
NAM-12

request

request

request

request

request

request

request

request

return

return

return

return

return

return

return

return

What we are doing now …..

Drexel Department of Civil, Architectural & Environmental 

Engineering

http://www.usgs.gov/
http://public.ornl.gov/ameriflux/index.html
http://www.ncep.noaa.gov/
http://www.epa.gov/storet/dbtop.html
http://www.epa.gov/cgi-bin/epalink?target=http://www.epa.gov/&logname=epahome&referrer=seal
http://www.usgs.gov/
http://www.noaa.gov/
http://www.unidata.ucar.edu/
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NWIS

NAWQA

NARR

generic 

request

GetValues

GetValues

GetValues

GetValues

GetValues

GetValues

GetValues

GetValues

Drexel Department of Civil, Architectural & Environmental Engineering

http://www.usgs.gov/
http://public.ornl.gov/ameriflux/index.html
http://www.usgs.gov/
http://www.ncep.noaa.gov/
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• Syntactic mediation

– Heterogeneity of format

– Use WaterML to get data 

into the same format

• Semantic mediation

– Heterogeneity of meaning

– Each water data source 

uses its own vocabulary

– Match these up with a 

common controlled 

vocabulary

– Make standard scientific 

data queries and have 

these automatically 

translated into specific 

queries on each data 

source

Drexel Department of Civil, Architectural & Environmental 

Engineering
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• Set of query functions • Returns data in WaterML

Drexel Department of Civil, Architectural & Environmental 

Engineering
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• OWL Ontologies

„Escherichia coli‟ = „E. coli‟

„E. coli‟ is-a „Indicator Organism‟

„Copper‟ is-a „Micronutrient‟

„Copper‟ isMeasuredIn „Medium‟

„Medium‟ = {Water, Soil…}

„Micronutrient‟ is-a „Nutrient‟

• Supports classification of  
search results

• Entities in the ontology are 
associated with measured 
variables in a relational 
database

• Helps solving semantic 
heterogeneity issues 
between data repositories

Knowledge Base

Drexel Department of Civil, Architectural & Environmental 

Engineering
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Search  Fine tune 

Retrieve

rather than

Search  Retrieve

avoid ‘high precision, low recall’ 

and    ‘low precision, high recall’ 

problems.

Search Strategy

Drexel Department of Civil, Architectural & Environmental Engineering
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HydroSphere

Example: Nitrogen

All Concepts in those

two layers make up the

pool of permissible

Search Keywords

All Concepts in this 

layer provide the 

pool of permissible

Tagging Targets 

Drexel Department of Civil, Architectural & Environmental Engineering
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Hydrologic

Ontology

http://hiscentral.cuahsi.org/startree.html 

Drexel Department of Civil, Architectural & Environmental Engineering

http://hiscentral.cuahsi.org/startree.html
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www.HydroSeek.net/search

Drexel Department of Civil, Architectural & Environmental Engineering

http://www.hyroseek.org/
http://www.hydroseek.net/search
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Ontology ConceptsHydrology

|___Atmospheric Hydrology

|___Humidity

|___Relative Humidity

•

•
|___Winds

|___Wind Run

|___Surface Hydrology

|__Water Level, Stream

|__Gage Height, Stream

•
|___Subsurface Hydrology

ODM Variables
VariableID AltVariableCode Source

1 00052 NWIS

2 00196 NWIS

3 323374 EPA

4 GH CIMS

• • •

• • •

Only greens are “taggable”
Drexel Department of Civil, Architectural & Environmental Engineering



18 July 2008, Page 21

www.HdyroTagger.org

The Database-Ontology Link 

Drexel Department of Civil, Architectural & Environmental Engineering

http://water.sdsc.edu/tagger/
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Global Earth Observation System of Systems (GEOSS) 

Global Terrestrial Observation System Water Monitoring 

System

Infrastructure and Component 

Requirements
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GTN-H Hosted by UNH
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Atmosphere
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OpenDAP MapServer SQL/SOAP server

Gridded Data

Hierarchical 

directories of files  

(NetCDF, HDF)

Vector Data

ARC/INFO 

shape files or

SQL database

Observational 

Station Data

SQL Database 
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Water Abstractions in WBMplus

UNH Water Systems Analysis Group
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GPCP Daily Precipitation
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Simulated Discharge
Simulated Discharge

UNH Water Systems Analysis Group
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SWDB Lakes Polygons
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Locating Dams
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Co-registered Reservoirs
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Network Rescaling 
Algorithm

UNH Water Systems Analysis Group
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Network 
Rescaling

UNH Water Systems Analysis Group
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Riverbed Cross-section

UNH Water Systems Analysis Group
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Y=αW β Y =
β

β+1
Y

Parabola Equation

UNH Water Systems Analysis Group
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Composite Discharge at 6' 
Resolution

UNH Water Systems Analysis Group



18 July 2008, Page 37

Global River Volumes and 
Areas

Continent Res. Area [103 km2] Volume [km3]

Land Emp. I. II. III. Emp. I. II. III.

Africa 30' 30,099 72 82 38 47 462 270 227 266

6' 30,000 89 115 65 72 494 342 269 323

Asia 30' 43,991 94 175 63 84 349 384 279 345

6' 44,918 118 222 112 124 349 418 299 371

Australasia 30' 9,037 7 20 5 8 22 37 24 32

6' 9,323 9 19 9 10 17 19 15 18

Europe 30' 9,922 22 57 17 25 55 85 60 76

6' 10,234 28 65 31 36 58 84 61 75

North

America

30' 24,569 44 100 33 45 135 163 119 147

6' 22,990 54 130 58 68 131 175 124 155

South

America

30' 17,945 107 122 48 64 992 586 460 556

6' 18,136 140 186 87 105 1,143 837 598 747

Total 30' 135,564 346 557 205 273 2,015 1,526 1,171 1,422

6' 135,602 438 736 362 416 2,191 1,875 1,365 1,690
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Earth System Model Development 
Challenges

• Increasing data processing need

• Increasing data complexity

• Increasing model complexity

• Heterogenous computer platforms

• Increasing software infrastructure 
complexity
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• Spatial domain management and interfacing between 
different domains (potentially in distributed computing 
environment) 

• Time management (advancing time, calling alarms, etc.) 

• Model execution

• Input/Output

• Logging facilities

• Diagnostic/Visualization Hooks

Modelling Framework Functions
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 Metadatabase

 Machine accessible data services

 Data analysis/Modeling framework

Needed IT Infrastructure
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 Modules (loaded as plugins) 

 Module definitions (parsed from the module plugins) 

 Model layout and configuration (via Extensive
Markup Language [XML] layout/state file) 

 Model framework loads plugins according
to state layout file and executes model simulation

New Modeling Framework
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Modeling Framework
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Improve and optimize the sustained ability of water cycle researchers, stakeholders, organizations and 

networks to interact, identify, harness, and extend NASA research results to augment decision support tools. 

1. Evolve a network of partners: identify and analyze partner organizations to define collaboration pathways.

2. Routinely identify, prioritize, mine and communicate relevant research products and results.

3. Optimize water cycle partner access to research results and products to create a self-sustaining network.

4. Analyze and document the network effectiveness through metrics, resource estimates and documentation.

5. Education and outreach is important to help society understand and use the research in every-day application.

WaterNet: Concept

NASA Water Cycle Research Water Cycle User Community
WaterNet

The NASA Water Cycle Solutions Network

Benchmarking

Verification and Validation

Actionable WaterNet database

Evaluation

Data and Model Products

Earth-Sun Applied Science Program

communication

Pathway Discovery (MIT)

Network Optimization (OSSEs)

Requirements and Feedback

Water Cycle User Community

Commercial Data Providers

(EarthSat, Digital Globe…)

National 

Science 

Programs

DAACS

Science 

Community

Guidance

Satellite 

Data 

Providers

Modeling Labs

Educational 

Organizations

Science

Discovery &

Results

Planning &

Formulation

Policy Decision Makers

Coastal 

Management: 

CREWS

Water Management: 

BASINS,Riverware

NPA/DSTs

Serving the Nation

Air Quality: 

CMAQ
Aviation: AWRP

Earth-Sun System Gateway

http://www.free-graphics.com/clipart/Business/Cartoons/Meeting_7.shtml
http://www.noaa.gov/

