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The Challenge from National The Challenge from National 
Science Foundation (NSF)Science Foundation (NSF)

What are the fundamental scientific What are the fundamental scientific 
challenges facing hydrology?challenges facing hydrology?
Is a new mode of research necessary to Is a new mode of research necessary to 
face those challenges?face those challenges?
What infrastructure investment will What infrastructure investment will 
transform hydrology?transform hydrology?
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The Community ResponseThe Community Response

Define Define ““hydrologic sciencehydrologic science”” more broadly more broadly 
than hydrologythan hydrology
Organize a consortium to represent the Organize a consortium to represent the 
communitycommunity
Design infrastructure program to Design infrastructure program to 
transform the sciencetransform the science
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What is Hydrologic Science?What is Hydrologic Science?

Expands beyond traditional hydrologyExpands beyond traditional hydrology
Focus on Focus on ““whywhy”” the earth works as it does, like the earth works as it does, like 
other earth sciences, moving beyond traditional other earth sciences, moving beyond traditional 
problemproblem--solving orientationsolving orientation
Embraces parts of hydrology, geomorphology, Embraces parts of hydrology, geomorphology, 
hydrogeology, biogeochemistry, hydrogeology, biogeochemistry, ……
Hydrologic cycle is central organizing Hydrologic cycle is central organizing 
principleprinciple
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Science Needs: Terrestrial Science Needs: Terrestrial 
Hydrologic CycleHydrologic Cycle

Improving hydrologic Improving hydrologic ““lawslaws””
HeterogeneityHeterogeneity
Discontinuity at interfacesDiscontinuity at interfaces
Understanding feedbacksUnderstanding feedbacks

Recognizing interdisciplinary controlsRecognizing interdisciplinary controls
Biological influenceBiological influence
Geomorphic evolutionGeomorphic evolution
Human dimensionHuman dimension

ChallengesChallenges
ScalingScaling
Prediction and LimitsPrediction and Limits--toto--PredictionPrediction
Forcing, Feedbacks, and CouplingForcing, Feedbacks, and Coupling
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ApproachApproach

Calibrated River BasinsCalibrated River Basins
10,000 km10,000 km22 ±± 1 order of magnitude1 order of magnitude
Extensive characterization for more Extensive characterization for more 
rigorous hypothesis testingrigorous hypothesis testing
Supporting FacilitiesSupporting Facilities

InformaticsInformatics
InstrumentationInstrumentation
SynthesisSynthesis
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OpportunitiesOpportunities

New sensorsNew sensors
New communication technologiesNew communication technologies
Remote sensingRemote sensing
GIS/Lidar/GeophysicsGIS/Lidar/Geophysics
Many othersMany others

Megabytes of data—
But does it help us improve understanding?
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HydroViewHydroView

Initial infrastructure Initial infrastructure 
programprogram
Mutually supportive Mutually supportive 
elementselements

ObservatoriesObservatories
InstrumentationInstrumentation
InformaticsInformatics
SynthesisSynthesis
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Hydrologic Observatory (HO) Hydrologic Observatory (HO) 
Design ConceptsDesign Concepts

Large (~10,000 kmLarge (~10,000 km22) instrumented basins) instrumented basins
Permits exploration of all interfaces, including land Permits exploration of all interfaces, including land 
surface/atmospheresurface/atmosphere
Provide Provide coherent, multicoherent, multi--disciplinary, multidisciplinary, multi--scalescale datadata
Characterize stores, flux, flowpaths, and residenceCharacterize stores, flux, flowpaths, and residence--time time 
distributions of water, sediment, nutrients, and contaminants.distributions of water, sediment, nutrients, and contaminants.
Research platform for broad range of environmental scientistsResearch platform for broad range of environmental scientists

Community facilitiesCommunity facilities
Core data available to everyoneCore data available to everyone
Open access to siteOpen access to site
OnOn--site professional staffsite professional staff

Budget EstimatesBudget Estimates
$3M annual operating cost and $10M 5$3M annual operating cost and $10M 5--yr capital budgetyr capital budget
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Typical Core DataTypical Core Data

CharacterizationCharacterization
High resolution High resolution 
topographytopography
Detailed geologic Detailed geologic 
mappingmapping
Vegetation surveysVegetation surveys
Land use/ land coverLand use/ land cover

SpaceSpace--Time GridsTime Grids
Precipitation fieldsPrecipitation fields

Time SeriesTime Series
DischargeDischarge
Water QualityWater Quality
Groundwater LevelsGroundwater Levels
ChemistryChemistry
TowersTowers

RemoteRemote--sensing sensing 
Soil moistureSoil moisture
Vegetation greenness Vegetation greenness 
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Strategic Collection of DataStrategic Collection of Data

Hypothesis DrivenHypothesis Driven
ReplicationReplication
BalanceBalance
Perspective: Understanding the terrestrial Perspective: Understanding the terrestrial 
hydrologic and biogeochemical cycles and hydrologic and biogeochemical cycles and 
relation to climaterelation to climate
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HO StatusHO Status

Neuse Paper Prototype StudyNeuse Paper Prototype Study——just publishedjust published
National WorkshopNational Workshop——August, 2004 Logan, UTAugust, 2004 Logan, UT
NSF Program Announcement: Summer, 2005NSF Program Announcement: Summer, 2005
Selection of 2 HOs: March, 2006Selection of 2 HOs: March, 2006
Further buildFurther build--out dependent on funding strategy  out dependent on funding strategy  
and success of testand success of test--beds.beds.
Vision: ~15 HOs for conterminous USVision: ~15 HOs for conterminous US
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HOs Under DesignHOs Under Design
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Collaboration OpportunitiesCollaboration Opportunities

ModelingModeling
Identifying dominant hydrologic processes Identifying dominant hydrologic processes 
across scaleacross scale
HOHO’’ss approach scales of interest to GCM approach scales of interest to GCM 
communitycommunity

Ground referencingGround referencing
Comprehensive water cycle data Comprehensive water cycle data 
Infrastructure to support campaignsInfrastructure to support campaigns
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SummarySummary

Major hydrologic science research initiative Major hydrologic science research initiative 
funded by US National Science Foundationfunded by US National Science Foundation
Objective: improved predictive Objective: improved predictive 
understanding of terrestrial hydrologic understanding of terrestrial hydrologic 
cyclecycle
Driver: Linkage with climate science, Driver: Linkage with climate science, 
biogeochemistrybiogeochemistry
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Who is CUAHSI?Who is CUAHSI?

A consortium of 98 A consortium of 98 
research universities, research universities, 
4 affiliate members, 4 affiliate members, 
and 2 intand 2 int’’l affiliatesl affiliates
Incorporated June, Incorporated June, 
2001 as a non2001 as a non--profit profit 
corporation in corporation in 
Washington, DCWashington, DC
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PremisePremise

Need Need field observationsfield observations to advance theoryto advance theory
Critical attributesCritical attributes

Coherent and commensurateCoherent and commensurate
MultiMulti--disciplinarydisciplinary
MultiMulti--scalescale
Describe interfacesDescribe interfaces

Land surfaceLand surface--atmosphereatmosphere
Region groundwater/river exchangeRegion groundwater/river exchange
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PurposePurpose
Science Objective:Science Objective: To further predictive To further predictive 
understanding of the terrestrial hydrologic cycle understanding of the terrestrial hydrologic cycle 
and its linkages with climate and biogeochemical and its linkages with climate and biogeochemical 
cyclescycles
Societal Need:Societal Need: Will there be enough water for Will there be enough water for 
the next century?the next century?

……of appropriate qualityof appropriate quality
……to meet societyto meet society’’s needss needs
……to maintain the integrity of our ecosystemsto maintain the integrity of our ecosystems
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River Basin as Unit of StudyRiver Basin as Unit of Study
ForcingForcing

How does the basin respond to How does the basin respond to 
lowlow--frequency precipitation frequency precipitation 
forcings? How is the predictability forcings? How is the predictability 
of floods and droughts altered?of floods and droughts altered?

ProcessingProcessing
How does the basin process How does the basin process 
precipitation and chemical inputs ?precipitation and chemical inputs ?

EvolutionEvolution
How do changes to the land How do changes to the land 
surface alter the hydrologic cycle?surface alter the hydrologic cycle?

HO

HO

HO

t
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Need for CUAHSINeed for CUAHSI

LargerLarger--scale, longerscale, longer--term data and term data and 
facilities to support researchersfacilities to support researchers
Enable research at disciplinary boundariesEnable research at disciplinary boundaries
Support of larger research teamsSupport of larger research teams
Improve efficiency and effectiveness of Improve efficiency and effectiveness of 
data collection and dissemination of data collection and dissemination of 
research dataresearch data
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TodayToday’’s Briefings Briefing

Brief definition of Synthesis, Informatics, Brief definition of Synthesis, Informatics, 
and Instrumentationand Instrumentation
Focus on HOFocus on HO’’ss

Design ConceptsDesign Concepts
Status of Prototyping EffortsStatus of Prototyping Efforts
NearNear--term Plansterm Plans

Collaboration opportunitiesCollaboration opportunities
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Design Concepts: National Center Design Concepts: National Center 
for Hydrologic Synthesisfor Hydrologic Synthesis

““Think tankThink tank”” for hydrologic sciencefor hydrologic science
Neutral ground for scholarshipNeutral ground for scholarship
Includes academic, government and private sector Includes academic, government and private sector 
scientistsscientists

Emphasis on interdisciplinary, cutting edge ideasEmphasis on interdisciplinary, cutting edge ideas
Modes:Modes:

Working groups (5Working groups (5--15 people, 115 people, 1--2 yr duration)2 yr duration)
PostPost--docsdocs
Sabbatical visitorsSabbatical visitors

Products: journal articlesProducts: journal articles
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NCHS: StatusNCHS: Status

Host Institution: BerkeleyHost Institution: Berkeley
Interim Director: Yoram RubinInterim Director: Yoram Rubin
Submission of NSF proposal: March, 2005Submission of NSF proposal: March, 2005
Operation: Fall, 2005Operation: Fall, 2005
Initial NSF Budget: ~$500K/yr, ramping to $2M Initial NSF Budget: ~$500K/yr, ramping to $2M 
over 4 yearsover 4 years
Substantial external partnering w/ industry, govSubstantial external partnering w/ industry, gov’’t t 
agencies, intagencies, int’’l research org.l research org.
Watch for call for proposals (Eos)Watch for call for proposals (Eos)
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Hydrologic Information Systems Hydrologic Information Systems 
Design ConceptDesign Concept

Provide common, convenient interface for Provide common, convenient interface for 
users to retrieve HO datausers to retrieve HO data
Federated digital library with DataViewerFederated digital library with DataViewer
Metadata standardsMetadata standards
Advanced data systems technologiesAdvanced data systems technologies
Automatic population with Federal Science Automatic population with Federal Science 
Agency data (USGS, NWS, and others)Agency data (USGS, NWS, and others)
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Informatics ApproachInformatics Approach

Pilot design phase (through March, 2006) for Pilot design phase (through March, 2006) for 
initial productinitial product
PIs: David Maidment (UT), John Helly (SDSC), PIs: David Maidment (UT), John Helly (SDSC), 
Mike Piasecki (Drexel), Praveen Kumar (Ill)Mike Piasecki (Drexel), Praveen Kumar (Ill)
Operational Center to deliver data productsOperational Center to deliver data products
Thematic Centers for software developmentThematic Centers for software development
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Instrumentation: Design ConceptsInstrumentation: Design Concepts

Get instruments into scientistsGet instruments into scientists’’ hands with hands with 
appropriate trainingappropriate training
Diffuse knowledge about stateDiffuse knowledge about state--ofof--thethe--art across art across 
disciplinesdisciplines

Handbook of Field TechniquesHandbook of Field Techniques

Increase efficiency of instrument utilizationIncrease efficiency of instrument utilization
Leasing and sharing arrangements internally and with Leasing and sharing arrangements internally and with 
Federal science agencies (e.g., USGS HIF)Federal science agencies (e.g., USGS HIF)
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Evaluation CriteriaEvaluation Criteria

Science Science 
Hypotheses PosedHypotheses Posed
Utility of Core Data for CharacterizationUtility of Core Data for Characterization

Leveraging of Existing DataLeveraging of Existing Data
Identify Identify ““gapsgaps”” preventing sciencepreventing science

PartnershipsPartnerships
HOs must attract HOs must attract ““outsidersoutsiders”” to do to do 
researchresearch
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Leveraging DataLeveraging Data
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Core DataCore Data

CharacterizeCharacterize
StoresStores
FluxesFluxes
FlowpathsFlowpaths
Residence time Residence time 
distributionsdistributions

ForFor
WaterWater
SedimentSediment
NutrientsNutrients
ContaminantsContaminants

Across a range of spatial scales,
including the whole basin
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Collaboration OpportunitiesCollaboration Opportunities--22

HOHO
Participate in design (Participate in design (http://www.http://www.cuahsicuahsi.org.org))
Work at the site (in 1.5 Work at the site (in 1.5 –– 2 years)2 years)
Contribute to committees on protocolsContribute to committees on protocols
Network between Japanese and American sitesNetwork between Japanese and American sites

EducationEducation
Proposing Proposing ““CUAHSI Asian Doctoral FellowCUAHSI Asian Doctoral Fellow”” to U.S. to U.S. 
NatNat’’l Science Foundation w/ Myron Mitchell (ILTER)l Science Foundation w/ Myron Mitchell (ILTER)
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Education and OutreachEducation and Outreach

Each HydroView element has large Each HydroView element has large 
potential E&O componentpotential E&O component
Two additional initiatives:Two additional initiatives:

Modular Hydrologic Field CampsModular Hydrologic Field Camps
CUAHSI CyberseminarsCUAHSI Cyberseminars
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CUAHSI CyberseminarsCUAHSI Cyberseminars

Begun Fall, 2003 (3 seminars)Begun Fall, 2003 (3 seminars)
Continued Spring, 2004 (5 seminars)Continued Spring, 2004 (5 seminars)
Free and open to all interested partiesFree and open to all interested parties
Typically between 20 and 30 sites with Typically between 20 and 30 sites with 
150150--200 people signed on200 people signed on
LowLow--tech approachtech approach
http://www.cuahsi.orghttp://www.cuahsi.org
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Hydrology Field CampsHydrology Field Camps

Barriers to offering field campsBarriers to offering field camps
Traditionally not a part of CEE, but of GeologyTraditionally not a part of CEE, but of Geology
Broad range of disciplinesBroad range of disciplines
Large amount of work for facultyLarge amount of work for faculty
Expensive, need large student base to supportExpensive, need large student base to support
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Field Camp ApproachField Camp Approach

Develop series of 1Develop series of 1--week modulesweek modules
Vadose zoneVadose zone
AquifersAquifers
Surface waterSurface water
Shallow geophysicsShallow geophysics
Aquatic Chemistry and microbiologyAquatic Chemistry and microbiology
OSHA TrainingOSHA Training

CUAHSI Review, approval, and distributionCUAHSI Review, approval, and distribution
Cooperative Project between Clemson and N. IllinoisCooperative Project between Clemson and N. Illinois
Test site: ClemsonTest site: Clemson
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