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Presentation Outline Presentation Outline 

Watershed Processes Watershed Processes 
A Glimpse of the Future (Enabling Technologies)A Glimpse of the Future (Enabling Technologies)

-- Sensors and Sensor NetworksSensors and Sensor Networks
-- CyberCyber--infrastructureinfrastructure
-- Data Synthesis and Data MiningData Synthesis and Data Mining
-- Integrated ModelingIntegrated Modeling--Monitoring (RealMonitoring (Real--time modeling)   time modeling)   

The Role of Models in RestorationThe Role of Models in Restoration
-- Design tool and Integration with Geomorphology Design tool and Integration with Geomorphology 
-- A Communication ToolA Communication Tool
-- Performance Assessment and Adaptive ManagementPerformance Assessment and Adaptive Management
-- Current LimitationsCurrent Limitations
-- Some Some ““rulesrules--ofof--thumbthumb””

ExamplesExamples
Questions!Questions!
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Definition of a WatershedDefinition of a Watershed

WebstersWebsters DictionaryDictionary
n. a ridge or other line of separation between two river n. a ridge or other line of separation between two river 
systems or drainage areassystems or drainage areas

the the catchmentcatchment area of a river system  area of a river system  

CatchmentCatchment
n. the whole area from water drains to a river, lake or n. the whole area from water drains to a river, lake or 
reservoirreservoir

Complicating factors:Complicating factors:
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Definition of a WatershedDefinition of a Watershed

WebstersWebsters DictionaryDictionary
n. a ridge or other line of separation between two river n. a ridge or other line of separation between two river 
systems or drainage areassystems or drainage areas

the the catchmentcatchment area of a river system  area of a river system  

CatchmentCatchment
n. the whole area from water drains to a river, lake or n. the whole area from water drains to a river, lake or 
reservoirreservoir

Complicating factors:Complicating factors:
interinter--basin transfersbasin transfers
basin interconnectivity through groundwaterbasin interconnectivity through groundwater
Arroyo Arroyo SecoSeco or Los Angeles River or Los Angeles River/San or Los Angeles River or Los Angeles River/San 
Gabriel combined?Gabriel combined?
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Key Watershed FunctionsKey Watershed Functions

Converts vertical flow of water (precipitation)  to horizontal Converts vertical flow of water (precipitation)  to horizontal flowflow
Spatially diffuse to concentrated point flowSpatially diffuse to concentrated point flow
Provides transport pathways for: nutrients, contaminants, Provides transport pathways for: nutrients, contaminants, POPsPOPs
Water Quality Water Quality 

transformationtransformation
removal removal 
additionaddition
storagestorage

Carbon cycling Carbon cycling –– source, sink or neutralsource, sink or neutral

Watersheds are integrators of numerous complex processes.Watersheds are integrators of numerous complex processes.
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Key Watershed ConceptsKey Watershed Concepts

Multiple scalesMultiple scales
-- nestednested

Heterogeneity Heterogeneity –– physical and biological processesphysical and biological processes

Transport MediumsTransport Mediums
-- airair
-- surface watersurface water
-- groundwatergroundwater

-- gravitygravity

Air flows Air flows –– temperature, precipitation, pollutants, fine sedimentstemperature, precipitation, pollutants, fine sediments

Water Water –– watershed converts vertical to horizontalwatershed converts vertical to horizontal
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Water CycleWater Cycle
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Effects of Anthropogenic DisturbanceEffects of Anthropogenic Disturbance

McCuen, 1998

January 31, 2006

Source: Gleick, P. H., 1996: Water resources. In Encyclopedia of Climate and Weather, ed. by S. H. Schneider, Oxford University Press, New York, 
vol. 2, pp.817-823.

----1,386,000,000332,500,000Total global 
water

--2.5%35,030,0008,404,000Total global 
freshwater

0.0002%0.006%2,120509Streamflow in 
rivers

Percent of 
total 
water

Percent of total 
freshwater

Water volume, in cubic 
kilometers

Water volume, in 
cubic milesWater source

One estimate of global water distribution
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Source: Lull, H.W., 1959, Soil Compaction on Forest and Range Lands, U.S. Dept. of Agriculture, Forestry Service, Misc. Publication No.768
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http://ga.water.usgs.gov/edu/watercyclehi.html
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The Classic ApproachThe Classic Approach
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The Classic ApproachThe Classic Approach

Interception

Balance 
available to 
runoff as sheet 
flow

Depression 
Storage

Runoff 
depends on 
many factors 
including 
antecedent 
conditions
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Classic ApproachClassic Approach

Example:  MIKE SHE

But currently subject of 
considerable research

‘Old water paradox’

Kirchner
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Dry Creek Experimental WatershedDry Creek Experimental Watershed

Large Watershed ScaleLarge Watershed Scale

Headwater ScaleHeadwater ScalePlot/Point ScalePlot/Point Scale

••7 stream gauging stations7 stream gauging stations

••3 weather stations3 weather stations

•• 27 km27 km22 at the urban/at the urban/wildlandwildland
interfaceinterface

•• Representative semiRepresentative semi--arid mountain arid mountain 
front environmentsfront environments

•• Jim McNamara Jim McNamara –– Boise StateBoise State
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Priest River Exp. Forest ~ 1913

Horse Creek Exp. Watershed ~1960

Tailholt/Circle End/Zena Creek 
Exp. Watersheds ~1960

Silver Creek Exp. 
Watershed ~1964

Forest Service Experimental 
Watersheds 
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Is Climate Change Real?Is Climate Change Real?

125

145

165

185

205

225

245

1950 1960 1970 1980 1990 2000

D
ay

 o
f 5

0t
h 

%
ile

 F
lo

w

Benton Ck
St. Joe
NF CdA
Linear (NF CdA)
Linear (St. Joe)
Linear (Benton Ck)

Charlie 
Luce

January 31, 2006

Point Source
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Anthropogenic disturbance 
in watersheds
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The Classic ApproachThe Classic Approach
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River and Stream CharacteristicsRiver and Stream Characteristics

Courtesy:  Janine Castro
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Stream ecosystem response to perturbationsStream ecosystem response to perturbations -- FIREFIRE
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Stream ecosystem response to perturbations Stream ecosystem response to perturbations -- DAMSDAMS
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River and Stream CharacteristicsRiver and Stream Characteristics
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Movement of SedimentMovement of Sediment
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River and Stream CharacteristicsRiver and Stream Characteristics
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River and Stream CharacteristicsRiver and Stream Characteristics



13

January 31, 2006

River and Stream CharacteristicsRiver and Stream Characteristics
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Glenwood Bridge

22--D Flood Animation: Impact of the Accumulation of D Flood Animation: Impact of the Accumulation of 
Debris in Glenwood BridgeDebris in Glenwood Bridge
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Impact of the Accumulation of Debris in Impact of the Accumulation of Debris in 
Glenwood BridgeGlenwood Bridge

Reduction of  Reduction of  
xx--sectional sectional 
area: 0 % `area: 0 % `

`̀
Reduction of  Reduction of  
xx--sectional sectional 
area: 10 % `area: 10 % `

Reduction of  Reduction of  
xx--sectional sectional 
area: 20 % `area: 20 % `
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Vegetation ManagementVegetation Management
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Example of Wildcat CreekExample of Wildcat Creek

• Year of vegetation removal, 
n=0.038

• One year following vegetation 
removal, n=0.045

• Three years following vegetation 
removal, n=0.078

• Ten years following vegetation 
removal, n= 0.048

• Other examples:  San Lorenzo River, 
Paharo River
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Watershed LinkagesWatershed Linkages

HydrographsHydrographs
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Fundamental Canons
Engineers shall hold paramount the safety, health and welfare of the public and shall 

strive to comply with the principles of sustainable development in the performance 
of their professional duties. 

Guidelines to Practice Under the Fundamental Canons of Ethics 
CANON 1.

Engineers shall hold paramount the safety, health and welfare of the public and 
shall strive to comply with the principles of sustainable development in the 
performance of their professional duties. 

Engineers should seek opportunities to be of constructive service in civic affairs 
and work for the advancement of the safety, health and well-being of their 
communities, and the protection of the environment through the practice of 
sustainable development. 

Engineers should be committed to improving the environment by adherence to the 
principles of sustainable development so as to enhance the quality of life of the 
general public. 

ASCE Professional Code of EthicsASCE Professional Code of Ethics

January 31, 2006

Page 2NSF-ENG working definition of CI:

Cyberinfrastructure is a national network of resources that:

• provides broad and easy access to shared and maintained repositories
for data, models, and tools.

• includes connectivity with shared facilities for experimentation and 
computation.

• enables reliable visualization and information extraction from 
multimedia data resources and libraries.

• supports real-time data flows and distributed collaboration. 

• ensures that applications and domain communities can form and grow, 
and that efforts develop with interoperability.
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Page 12

For workshop report and additional information 
visit website

http://thor.cae.drexel.edu/~workshop

Ppts and presentations are posted

M. Piasecki, June 2004
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Sensors and Sensor NetworksSensors and Sensor Networks
Sensors for Environmental ObservatoriesSensors for Environmental Observatories

NSF Workshop: November 2004NSF Workshop: November 2004
University of WashingtonUniversity of Washington

Final Report December 2005Final Report December 2005

Objectives:Objectives:

•• Map out strategies to ensure sensor Map out strategies to ensure sensor 
technologies are developed for longtechnologies are developed for long--term term 
autonomous deployment; autonomous deployment; 

•• Build a sensor capacity for the environmental Build a sensor capacity for the environmental 
observational networks for the high priority observational networks for the high priority 
parameters identified within research parameters identified within research 
community reports; community reports; 

•• Build a multidisciplinary community of Build a multidisciplinary community of 
researchers who will help interested federal researchers who will help interested federal 
agencies develop research plans that meet agencies develop research plans that meet 
these needs; and these needs; and 

•• Provide community guidance to help shape Provide community guidance to help shape 
future NSF program announcements in this future NSF program announcements in this 
area. area. 

www.wtec.org/seo

Co-chaired by:
Peter Arzberger
University of California at San Diego   
James Bonner
Texas A&M University 
David Fries
University of South Florida 
Arthur Sanderson
Rensselaer Polytechnic Institute 

January 31, 2006

Example of Research Collaboration: Idaho Experimental Watershed Example of Research Collaboration: Idaho Experimental Watershed 
Network [NSF EPSCoR]Network [NSF EPSCoR]
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Integration of Sensor Networks, CyberIntegration of Sensor Networks, Cyber--Infrastructure, ModelingInfrastructure, Modeling

Conjunctive 
Administration of 
Water Rights 

Idaho DWR
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Trends in Community ScienceTrends in Community Science
• Environmental Observatories

- LTERLTER
-- NEONNEON
-- Hydrological Observatories (CUASHI)Hydrological Observatories (CUASHI)
-- OOIOOI
-- CLEANERCLEANER
-- NEESNEES
EU Initiatives such as TWINBAS and TWINLATINEU Initiatives such as TWINBAS and TWINLATIN

• Common features
- Driven by scientific and engineering communitiesDriven by scientific and engineering communities
-- CyberCyber--infrastructure emphasisinfrastructure emphasis
-- InclusiveInclusive
-- Grand ChallengesGrand Challenges
-- Sensor and Sensor NetworksSensor and Sensor Networks
-- Paradigm shift in simulation modelsParadigm shift in simulation models

Closure relations, calibration, data miningClosure relations, calibration, data mining
Data Driven ModelsData Driven Models
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CLEANER-Hydrologic Observatories:
An MREFC initiative in NSF’s Engineering 

and Geosciences Directorates
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Who is CUAHSI?Who is CUAHSI?

•• A consortium of 90 A consortium of 90 
research universities research universities 
and 1 affiliate and 1 affiliate 
membermember

•• Incorporated June, Incorporated June, 
2001 as a non2001 as a non--profit profit 
corporation in corporation in 
Washington, DCWashington, DC

Jon Duncan

CUASHI, June 2004
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CLEANER Network and Examples of Stressed Environmental Systems

Key Focus: fundamental understanding of adaptive dynamic management of human-dominated complex 
environmental systems through collaborative modeling and knowledge networks.

Network Coordination/Management
Collaborative Tools and Resources                               
e.g., Data and Model Repository

Lake Tahoe
Algal growth

Urban Airsheds/
Watersheds
Health issues Gulf of Mexico/

Coastal Margins
Hypoxia

Great Lakes
Water supply, 
invasive 
species Urban 

Watersheds
Health issues

Hudson River
PCBs, water 
supply

Chesapeake Bay
Loss of shellfish

Neuse 
River
Algal growth,
Low O2

Columbia River 
Resource conflicts

Clesceri, June 2004

HypotheticalHypothetical

HypotheticalHypothetical

HypotheticalHypothetical
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The WaterS Network will:

1. Consist of
(a) teams of investigators studying human-stressed landscapes, with an

emphasis on water problems and questions;
(b) a national network of interacting field sites; 
(c) specialized support personnel, facilities, and technology; and 
(d) integrative cyberinfrastructure to provide a shared-use network

as the framework for collaborative analysis

2. Transform environmental engineering and hydrologic science 
research and education by:
(i) providing advanced sensor systems for data collection and state-of-the-

art informatics tools for data mining, analysis, visualization, and 
modeling of large-scale environmental issues; and 

(ii) engaging academics and others in collaborative and interdisciplinary
studies of real-world problems

3. Enable more effective adaptive-management of human-dominated,
environments based on observations, experimentation, modeling, 
engineering analysis, and design

January 31, 2006

● Forecasting how human changes in
landscapes (land use/cover) affect
water availability and variability, including
floods and droughts

● Developing technologies and strategies
to provide safe drinking water for all
citizens

● Keeping nutrients and other agricultural 
chemicals on the farm and out of our 
waterways

● Designing cost-effective solutions to the 
nation’s urban storm-water problems

● Restoring and enhancing the quality and 
ecological integrity of the nation’s lakes, 
rivers, and wetlands

Waters Network:  CUASHI-CLEANER
Dramatically advance our understanding of the nation’s water resources and 
provide a scientific basis for sustainable use through:

Image courtesy of Wayne Huber
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Adaptive Dynamic Management:  Core of Adaptive Dynamic Management:  Core of EOsEOs

DATABASE AND
VISUALIZATION

MODELING AND
SIMULATION

SS

S

S

S

S

S

Sensor
Network
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Snake RiverSnake River
Pine BarPine Bar

Fish Tracking, realFish Tracking, real--time 3time 3--d d 
hydrodynamic simulation, fish food hydrodynamic simulation, fish food 

transport and water qualitytransport and water quality
Shaun ParkinsonShaun Parkinson

January 31, 2006

R
es

ul
ts

R
es

ul
ts

10 kcfs 20 kcfs 30 kcfs

January 31, 2006
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Why Use Models? Why Use Models? 

Are we worsening flood or scour risk upstream or downstream?  Are we worsening flood or scour risk upstream or downstream?  

What is the inundation depth, duration and frequency on What is the inundation depth, duration and frequency on 
floodplains?floodplains?

What is the risk of stranding fish?What is the risk of stranding fish?

What is the rate of change of flood elevation (What is the rate of change of flood elevation (e.ge.g Cottonwood Cottonwood 
recruitment) ?recruitment) ?

Will my river continue to incise?Will my river continue to incise?

How will the site evolve over time and how fast (limitations onHow will the site evolve over time and how fast (limitations on rates rates 
of bank erosion)?of bank erosion)?

How will the substrate change?How will the substrate change?

How will the geomorphic characteristics change?How will the geomorphic characteristics change?

Performance AssessmentPerformance Assessment

January 31, 2006

Identifying linkages between physical 
processes, habitat changes, and 

biological responses

Monitoring and EvaluationMonitoring and Evaluation

January 31, 2006

Challenges of ecological restoration monitoringChallenges of ecological restoration monitoring

• Spatially-sparse, short-duration data sets
• Little or no pre-restoration data
• Detectable change from restoration is a small percentage of 

diurnal, seasonal, or inter-annual variability
• Effects occur at multiple spatial and temporal scales
• Individual restoration actions may have cumulative 

responses that are less predictable

Individual physical responses Cumulative 
responses Restoration 

goal 

Typical 
restoration 

activity Shear 
stress 

Particle 
size 

Thermal 
gain Physical Biological

“Restore 
channel 

geometry” 

Reduce 
w/d + + - 

“Restore 
channel slope 
and sinuosity” 

Increase 
length - - + 

? ? 
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Time

Distance

MIKE11

HEC-6

Physical Models

Krone Marsh Model

Sediment Budget

Box Model

SAFL Jurassic Tank

Landscape Evolution 
Models
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Time

Distance

MIKE11

HEC-6

Physical 
Models

Krone Marsh Model

Sediment Budget

Box Model

SAFL Jurassic Tank

Landscape Evolution 
Models

Model formulations, cumulative uncertainties in extending short time step models 
over long durations and computational limitations currently preclude extending 
across broad time and spatial scales.  This is the subject of current research.

January 31, 2006

The Modeling ProcessThe Modeling Process

• Simulation - process to get the results

• Calibration - user compares the results of simulation with the real 
measurements and by the changing model parameters to try to get the best 
agreement. During the calibration the user of model should find the sensitivity of 
model on the numerical and empirical parameters but also on the input data. For 
mathematical models the calibration is a very important procedure. Without it the 
model cannot be used for prediction and evaluation of the project.

• Verification and validation - Verification is the second stage of calibration. 
The already calibrated model is used to simulated the different time event. If the 
calibration is well done the model have a similar result to the calibration period.

The accuracy of simulation depends on three factors:
1) accuracy of input data
2) effectiveness of model parameters evaluation
3) inherent errors in the model 
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Model selectionModel selection

• Question to be answered
• Quality of input data
• Quality of calibration data (response 

variables)
• Required accuracy
• Spatial scale of problem
• Budget

January 31, 2006

Characteristic Backwater LengthCharacteristic Backwater Length

Reference: 
P.G. Samuels, 1989. (December)
Procs of ICE. Research and Theory pp. 571-582

L  ~   h
2So

h = bankfull depth

L 10% of initial increas

January 31, 2006

ASSESSMENT                                          MODELASSESSMENT                                          MODEL

SignificanceSignificance Magnitude/TrendMagnitude/Trend

Data  To KnowledgeData  To Knowledge
–– MODEL MODEL -- discipline knowledgediscipline knowledge
–– ASSESSMENT ASSESSMENT 

Integration knowledge across relevant Integration knowledge across relevant 
disciplines.                             disciplines.                             
Communication tool.                      Communication tool.                      
Integrates local community.Integrates local community.
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WHICH DIMENSION FOR WHICH JOB?
– Large scale flood 
analyses (reaches on 
the scale of miles) 

– Sediment transport, 
water quality modeling 
at the reach scale

– Morphological 
modeling

– Floodplain modeling

– Flow around 
structures (obstacles 
such as groins, ELJs, 
etc)

1D

3D

2D

D
egr ee  of A

p pro xim
at ion

_

+
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WHICH DIMENSION FOR WHICH JOB?

1D Steady State

3D

1D Dynamic/Unsteady State

1D Looped/Unsteady

2D 
Increasing time

Increasing cost

Increasing data requirements

0D (Mass Balance)
Choose the most 
appropriate tool to 
answer the questions…
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DATA REQUIREMENTS
• Availability of data important in 

selection of model
• No point applying complex 3D if only 

cross section information is spaced at 
one mile intervals and is 10 years old!

• Should be sufficient data to:
1. Understand recent historic evolution of 

channel
2. Calibrate model based on recent hydrologic 

event
3. Validate performance of model based on 

independent hydrologic event
4. Verify predictions of model using post 

project data
5. Confirm long term viability of project by 

establishing long term monitoring program
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THE PROCESS OF MODELING 

1. Model specification
2. Data assembly and verification
3. Model building
4. Model calibration and validation
5. Sensitivity testing
6. Model application to generate the 

required outputs

January 31, 2006

And Remember…
“All models are wrong; some are useful.”

W. Edwards Deming

“It is better to be roughly right than 
precisely wrong.”

John Maynard Keynes

Thank you for Your Attention
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ConclusionsConclusions
• A better way of integrating Science, Engineering and Policy

• Conceptual Models of Processes – mature but subject of research

• In future, broader issues such as pathogens, POPs, ecological 
integrity, climate change, carbon in our future planning as more is 
known.

• New sensor technologies will result in a major step forward in 
data-driven models

• Opportunities to leverage partnerships with the academic 
community (Community Science)

"Water is the most critical resource issue of our Water is the most critical resource issue of our 
lifetime and our children's lifetime.lifetime and our children's lifetime. The health of The health of 
our waters is the principal measure of how we our waters is the principal measure of how we 
live on the land"live on the land"

------ Luna LeopoldLuna Leopold


