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Introductory
Video

3-D: Juvenile Salmon in the Columbia & Snake River Basin. 
“Technical Audience AVI Video”

(Click here to download video.)

http://el.erdc.usace.army.mil/emrrp/nfs/animations/animations.html
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Population of discrete ‘particle’
individual agents, each making unique 
decisions and having unique trajectory
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How to Make Design Decisions 
when Fish have Ability to 

Accept/Reject a Structure ?
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Approach for
Decoding/Forecasting

their Behavior

Entrances for FishEntrances for Fish
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A BBehavior Rules = ON Behavior Rules = OFF
(Passive Particles)

Linear Best Fit (Spillway)Linear Best Fit (Turbines)
Bypass Turbines Spillway
Linear Best Fit (Bypass)

Slope / RSQSlope / RSQ Slope / RSQ Slope / RSQ 
Bypass            1.07 / 0.80                   0.10 / 0.10Bypass            1.07 / 0.80                   0.10 / 0.10
Spillway          0.95 / 0.85                   0.49 / 0.50Spillway          0.95 / 0.85                   0.49 / 0.50
TurbineTurbine 1.15 / 0.61                   0.24 / 0.08 1.15 / 0.61                   0.24 / 0.08 



How Does a Fish Find its Way at How Does a Fish Find its Way at 
Night in Muddy Water?Night in Muddy Water?





What Causes Flow Pattern in Streams?  
- Flow Resistance - without it there is nothing to change a 
unit volume of water once it is set into motion by gravity.

Are There Different Types of Flow Resistance? 
- Friction resistance (skin resistance)
- Form friction (internal distortion resistance)

Minimum Hydraulic Information Separating Q Resistance? 

Responds to Flow Pattern!
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Low Velocity / Low Strain

1

High Velocity

Medium Velocity/High Strain Rate

New Perspectives: The importance ofNew Perspectives: The importance of
Fluvial geomorphologyFluvial geomorphology
Flow pattern, both means and distortionsFlow pattern, both means and distortions
Integration of geomorphology and fluid dynamicsIntegration of geomorphology and fluid dynamics
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Place-Specific Activity
• Feeding at a feeding station
• Spawning at nesting site

Place Searching Activity
• Locating a new feeding station
• Finding a spawning site

Roadmap Hydraulic Variables
• Absolute values critical
• Background less important

Roadmap Hydraulic Variables
• Absolute values less important
• Background very important

Small resident fishes in 
small, baseflow streams:
e.g, darters, sculpins, trout

Large mobile fishes in large, 
flood pulse rivers:
e.g, sturgeon, paddlefish, 
salmon

Conventional
Hydraulic
Habitat Tools

Assess Fish Response to CE Activities?Assess Fish Response to CE Activities?Assess Fish Response to CE Activities?
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Integrated Reference Frameworks ConceptIntegrated Reference Frameworks Concept
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Integrated Reference Frameworks ConceptIntegrated Reference Frameworks Concept

•• DiscretizeDiscretize it (Eulerian)it (Eulerian)
-- Interstellar dustInterstellar dust
-- Hydraulic routingHydraulic routing
-- Water QualityWater Quality
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Integrating Concept 2Integrating Concept 2
Integrated Reference Frameworks ConceptIntegrated Reference Frameworks Concept

•• Track it (Lagrangian)Track it (Lagrangian)
-- StarsStars
-- GravelGravel
-- Fish eggsFish eggs
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Replicate EcosystemsReplicate Ecosystems

How How ELAMELAMs Fit Ins Fit In



Peer-Review ManuscriptsPeerPeer--Review ManuscriptsReview Manuscripts
Simulating fish movement in hydropower reservoirs & tailwaters. 2001.  HydroReview
Simulating mobile populations in aquatic ecosystems. 2001.  ASCE Journal of Water 

Resources Planning and Management 
Simulating movement patterns of blueback herring in a stratified southern impoundment.

2002. Transactions of the American Fisheries Society 131:55-69.
Evolving approaches and technologies to enhance the role of ecological modeling in 

decision-making. 2003.  Ecological Modeling for Resource Management, Springer Verlag
Coupling of biological & engineering models for ecosystem analysis. 2005.  ASCE Journal of 

Water Resources Planning and Management 
Forecasting 3-D Fish movement behavior using a Eulerian-Lagrangian-agent method 

(ELAM). 2006.  Ecological Modeling
Advancing science for water resources management. 2006. Hydrobiologia
CFD model considerations and application of an Eularian-Lagrangian-agent-method (ELAM) 

to rank alternative designs of a juvenile fish passage facility during project planning.
2006. Journal of Hydroinformatics.

A Mathematical and Conceptual Framework for Ecohydraulics. In press. Hydroecology and 
Ecohydrology: Past, Present, and Future, John Wiley & Sons, Ltd. 

Simulating fish movement in hydropower reservoirs & Simulating fish movement in hydropower reservoirs & tailwaterstailwaters.. 2001.  2001.  HydroReviewHydroReview
Simulating mobile populations in aquatic ecosystems.Simulating mobile populations in aquatic ecosystems. 2001.  2001.  ASCE Journal of Water ASCE Journal of Water 

Resources Planning and Management Resources Planning and Management 
Simulating movement patterns of Simulating movement patterns of bluebackblueback herring in a stratified southern impoundment.herring in a stratified southern impoundment.

2002. 2002. Transactions of the American Fisheries SocietyTransactions of the American Fisheries Society 131:55131:55--69.69.
Evolving approaches and technologies to enhance the role of ecolEvolving approaches and technologies to enhance the role of ecological modeling in ogical modeling in 

decisiondecision--making.making. 2003.  2003.  Ecological Modeling for Resource ManagementEcological Modeling for Resource Management, Springer , Springer VerlagVerlag
Coupling of biological & engineering models for ecosystem analysCoupling of biological & engineering models for ecosystem analysis.is. 2005.  2005.  ASCE Journal of ASCE Journal of 

Water Resources Planning and Management Water Resources Planning and Management 
Forecasting 3Forecasting 3--D Fish movement behavior using a EulerianD Fish movement behavior using a Eulerian--LagrangianLagrangian--agent method agent method 

(ELAM).(ELAM). 2006.  2006.  Ecological ModelingEcological Modeling
Advancing science for water resources management.Advancing science for water resources management. 2006.2006. HydrobiologiaHydrobiologia
CFD model considerations and application of an CFD model considerations and application of an EularianEularian--LagrangianLagrangian--agentagent--methodmethod (ELAM) (ELAM) 

to rank alternative designs of a juvenile fish passage facility to rank alternative designs of a juvenile fish passage facility during project planning.during project planning.
2006. 2006. Journal of Journal of HydroinformaticsHydroinformatics..

A Mathematical and Conceptual Framework for A Mathematical and Conceptual Framework for EcohydraulicsEcohydraulics.. In press. In press. HydroecologyHydroecology and and 
EcohydrologyEcohydrology: Past, Present, and Future,: Past, Present, and Future, John Wiley & Sons, Ltd. John Wiley & Sons, Ltd. 
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What Does All This Mean?What Does All This Mean?
We Can Do Better!We Can Do Better!

ManagementManagement

ScienceScience



How Does an Agent Make Decisions ?How Does an Agent Make Decisions ?
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mesh composed of nodes.  Used by GIS and virtually all hydraulic and water quality models.mesh composed of nodes.  Used by GIS and virtually all hydraulic and water quality models.

continuous directional trajectory composed of discrete locations (fish, geese, deer, insurgents).continuous directional trajectory composed of discrete locations (fish, geese, deer, insurgents).

mathematics of animal perception for handling stimuli sensory processing, internal state, memory, 
response behavior, passage of time, and psychology (avoidance, panic, escape, IED placement).
mathematics of animal perception for handling stimuli sensory processing, internal state, memory, 
response behavior, passage of time, and psychology (avoidance, panic, escape, IED placement).
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Aquatic SystemsAquatic SystemsSystemsSystems

1) Eulerian framework: governs physical, hydraulic, water quality, atmospheric, landscape, & cultural domains,1) Eulerian framework: governs physical, hydraulic, water quality, atmospheric, landscape, & cultural domains,

2) Lagrangian framework: governs sensory perception and movement trajectories of individuals,2) Lagrangian framework: governs sensory perception and movement trajectories of individuals,

3) agent framework: governs cognitive and memory domains responsible for behavior decisions of individuals.3) agent framework: governs cognitive and memory domains responsible for behavior decisions of individuals.

Capturing Phenomena - small in time and space scaleCapturing Phenomena - small in time and space scale
- large/rare in time or space scale- large/rare in time or space scale
- cognition and internal state important- cognition and internal state important

The Eulerian-Lagrangian-Agent Method (ELAM)The Eulerian-Lagrangian-Agent Method (ELAM)



When is the use of an ELAM important ?When is the use of an ELAM important ?
• When movement behavior of highly mobile individuals is important• When movement behavior of highly mobile individuals is important

SummarySummary

AA
BB

Physical SystemsPhysical Systems

Agent DynamicsAgent Dynamics
• Populations change because ‘events’ experienced by individuals 

affect future condition and, therefore, response
• Events are inherently complex and affected by features of the 

environment and interactions with other individuals
• Individual cognition and memory important to movement/behavior
• ‘Vitality’ can represent an individual animal’s condition integrating 

effects of diverse stressors (e.g., contaminant dose exposure)

• Populations change because ‘events’ experienced by individuals 
affect future condition and, therefore, response

• Events are inherently complex and affected by features of the 
environment and interactions with other individuals

• Individual cognition and memory important to movement/behavior
• ‘Vitality’ can represent an individual animal’s condition integrating 

effects of diverse stressors (e.g., contaminant dose exposure)
• Coastal / Estuarine / Rivers
• Terrestrial Landscapes
• Battlespace

• Coastal / Estuarine / Rivers
• Terrestrial Landscapes
• Battlespace Integrated FrameworksIntegrated Frameworks

• Information transformed as needed to meet requirements of linked
processes

• Very large storage/processor requirements for ‘real’ systems

• Information transformed as needed to meet requirements of linked
processes

• Very large storage/processor requirements for ‘real’ systems

Engineer Research and Development Center
US Army Corps
of Engineers



∂v
∂z
∂v
∂z

∂u
∂y
∂u
∂y

∂u
∂z
∂u
∂z

∂v
∂x
∂v
∂x

∂w
∂x
∂w
∂x

∂w
∂y
∂w
∂y

∂u
∂x
∂u
∂x

∂v
∂y
∂v
∂y

∂w
∂z
∂w
∂z

00 00

0000

00 00

εxxεxx

εyyεyy

εzzεzz

≡≡

00 00

00

00 00

00

00

00

00

00

00

00

≡≡

ωxyωxy ωxzωxz

ωyzωyz

ωzxωzx ωzyωzy

ωyxωyx
1  ∂v  ∂u
2  ∂x ∂y
1  ∂v  ∂u
2  ∂x ∂y--

1  ∂u  ∂v
2  ∂y ∂x
1  ∂u  ∂v
2  ∂y ∂x-- 1  ∂u  ∂w

2  ∂z ∂x
1  ∂u  ∂w
2  ∂z ∂x--

1  ∂w  ∂u
2  ∂x ∂z
1  ∂w  ∂u
2  ∂x ∂z-- 1  ∂w  ∂v

2  ∂y ∂z
1  ∂w  ∂v
2  ∂y ∂z--

1  ∂v  ∂w
2  ∂z ∂y
1  ∂v  ∂w
2  ∂z ∂y--

00

00

00

00

00

00

≡≡

εxyεxy εxzεxz

εyzεyz

εzxεzx εzyεzy

εyxεyx

1  ∂u  ∂v
2  ∂y ∂x
1  ∂u  ∂v
2  ∂y ∂x++ 1  ∂u  ∂w

2  ∂z ∂x
1  ∂u  ∂w
2  ∂z ∂x++

1  ∂v  ∂w
2  ∂z ∂y
1  ∂v  ∂w
2  ∂z ∂y++

1  ∂w  ∂v
2  ∂y ∂z
1  ∂w  ∂v
2  ∂y ∂z++1  ∂w  ∂u

2  ∂x ∂z
1  ∂w  ∂u
2  ∂x ∂z++

1  ∂v  ∂u
2  ∂x ∂y
1  ∂v  ∂u
2  ∂x ∂y++

∂w
∂z
∂w
∂z

∂u
∂x
∂u
∂x

∂v
∂y
∂v
∂y ==

Linear
Deformation

Linear
Deformation

RotationRotation

Angular
Deformation

Angular
Deformation

Shear
Strain
Rates

Shear
Strain
Rates

Normal
Strain
Rates

Normal
Strain
Rates

++

++

Spatial Velocity
Gradient Tensor
Spatial Velocity
Gradient Tensor Rotation or Angular Velocity Tensor (components are angular velocities)Rotation or Angular Velocity Tensor (components are angular velocities)

Pure Strain Tensor (components are normal strain rates)Pure Strain Tensor (components are normal strain rates)

Shear Strain Tensor (components are shearing strain rates)Shear Strain Tensor (components are shearing strain rates)


