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Presentation Notes
I am going to talk about an ongoing effort to quantify benefits of estuary habitat, particularly restored habitat, to juvenile salmonids.



Objective 
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Develop a numerical model of estuarine habitat and 
juvenile salmonids to evaluate alternative 
restoration actions at a site. 
 
Application of the model by restoration planners 
would require knowledge of baseline environmental 
conditions (both existing and predicted for alternative 
actions).  
 
The model uses these inputs to estimate benefit for 
juvenile salmonids (i.e. growth). 
 

Presenter
Presentation Notes
Our objective is to create a quantitative model to evaluate habitat quality, as there currently are not any models specific to estuary habitat for salmon.  While such a model could have a range of applications, the immediate need is for an ability to evaluate and compare potential alternative restoration actions at a site.  This means we are predicting quality of a habitat that does not yet exist, so we need to be able to predict habitat quality from fundamental physical characteristics.  In other words, using the model would only require as inputs information about physical structure and outputs of hydrological modeling carried out during the planning process.



Onsite and offsite benefits  

Onsite benefits: benefit of site to juvenile salmon that 
spend time in the restoration site 
 
 
 
 
Offsite benefits: benefit of site to juvenile salmon that do 
not access the restoration site, but use areas that are 
hydrologically connected to the site 
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Physical environment experienced at the site 
 
Prey available at the site 
 
 
 
 
 
 
 
 

Prey and detritus exported from the site 
 
 
 

Presenter
Presentation Notes
Together we are calling the estimate of these benefits the Salmon Estuarine Habitat Index.
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Physical environment experienced at the site 
 
Prey available at the site 
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 Salmon Estuarine Habitat Index (SEHI) 

Presenter
Presentation Notes
Together we are calling the estimate of these benefits the Salmon Estuarine Habitat Index.
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Habitat Capacity Index   *   Area 
 
       
              Habitat Unitson   *   Opportunityi 
 
 
    Realized Habitat Unitson,i 

Presenter
Presentation Notes
Calculating the index start with determining Habitat capacity index, the quality at a site, which takes a value from 0 to 1, multiplied by area of the site, which produces habitat units.  We then adjust for the proportion of time fish have opportunity to access the habitat, and this opportunity can vary by stock and life history strategy.  this produces realized habitat units.
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Habitat Capacity Index   *   Area 
 
       
              Habitat Unitson   *   Opportunityon 
 
 
    Realized Habitat Unitson 

Exported Benefits Index   *   Area 
 
       
              Habitat Unitsoff   *   Connectivityoff 
 
 
    Realized Habitat Unitsoff 
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A similar process for exported benefits, except now rather than opportunity we are interested in the connectivity of a site to the mainstem river and the extent to which it can export detritus and prey.
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Habitat Capacity Index   *   Area 
 
       
              Habitat Unitson   *   Opportunityon 
 
 
    Realized Habitat Unitson 

Exported Benefits Index   *   Area 
 
       
              Habitat Unitsoff   *   Connectivityoff 
 
 
    Realized Habitat Unitsoff 

Salmon Estuarine Habitat Index 
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Combine to get SEHI



Conceptual Model 
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The first step towards developing this index was an updated conceptual model focused on our objectives. Again, the constraints on our model is that we need to relate salmon growth to input data that is typically available to planners, e.g. from hydrological modeling, because we want to evaluate alternative habitats that don’t exist yet. Therefore our goal in the conceptual model was to explain how physical properties of a site relate to salmon physiological responses like growth and stress and population metrics like density and survival.  



Conceptual Model 
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The connections between physical characteristics and salmon populations includes intermediate biological components, specifically the food web, the behavior of the fish and interactions with other organisms such as predation and competition
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As with most conceptual models of ecological systems there are many connections between elements.  I am sure that all of you are aware of the complexity of the system and the range of interactions.
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Onsite and Offsite 
Onsite only  
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We have also considered a simplified version of the model that highlights the primary connections that we’ve identified between key elements.  In this case the dashed lines are primary connections relevant to fish actually using the site—affecting their onsite benefits.  The solid lines affect both onsite fish and those nearby that use prey exported from the site—the offsite benefits.



Rapid Prototyping of Habitat Capacity Index  

PNNL researchers with expertise in elements of the 
conceptual model 

 
Chose key elements and metrics to include in model 
 
Estimated functions and parameters 
 
Built a working model prototype 

 test the model immediately 
 evaluate assumptions 
 make adjustments  
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Our next step was a rapid prototyping process.  This is a process we have used in other systems, including Missouri River restoration, as part of the decision making process and a first step in adaptive management.  The key to this process is that rather than building a large and complex model all at once, and not being able to evaluate it until a large investment has occurred, we begin with a very simple working model and iteratively update and improve it.  The first step was a one and a half day meeting with PNNL researchers that have expertise in various elements of the model.  My job was to facilitate this group in choosing key components and metrics to put into the model, and making preliminary estimates of functions and parameters.  During the first day we create a working prototype that we can run and test to evaluate assumptions, make adjustments, and identify areas of highest uncertainty. This process helps researchers involved in salient research to be involved in a way that they can more readily contribute their knowledge.



Bayesian Belief Network models  

Use probabilities of input values to determine the 
probabilities of outputs 

Combines different forms of information 

Explicit uncertainty 

Sensitivity analysis 

Model can learn from test cases 
 
http://www.norsys.com/netica.htm 
 
Marcot et al. 2001. Forest Ecology and Management 153:29-42  
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Result of rapid prototyping 
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Done during the meeting by 8 people in 2 days.  Example of a Netica model: each variable has a probability of being a certain value, which effects the probabilities of the intermediate and final output



Result of rapid prototyping 
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Inputs 

Presenter
Presentation Notes
Done during the meeting by 8 people in 2 days.  Example of a Netica model: each variable has a probability of being a certain value, which effects the probabilities of the intermediate and final output



Example of working prototype 
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Presentation Notes
Emphasis on prototype but can see how one could enter estimates of hydrological characteristics and the model produces a HCI between 0 and 1, with estimate of standard error.  Emphasize importance of knowing error.



Ongoing development 
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Presentation Notes
Since the rapid prototyping, we have worked on improving the model with more specific definitions and formal use of empirical data and related uncertainties.



Ongoing development 
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Presentation Notes
While we are focused on the HCI right now, the exported benefits are closely related and make use of the existing model structure Index from 0 to 1 similar to a HSI



Data: hydrology and vegetation 
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Data: water temperature, food consumption, 
and growth 

11/27/12 20 

10 12 14 16 18

0.
0

0.
5

1.
0

1.
5

2.
0

Temp (C)

%
 g

ro
w

th
 d

a

10 12 14 16 18

0.
0

0.
5

1.
0

1.
5

2.
0

Temp (C)

%
 g

ro
w

th
 d

a

10 12 14 16 18

0.
0

0.
5

1.
0

1.
5

2.
0

Temp (C)

%
 g

ro
w

th
 d

a

60% ration 

100% ration 

80% ration 

Shelbourn et al. 1995 

Presenter
Presentation Notes
from Christa mention that she’ll be talking later



Hypothetical application 
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Existing Conditions Alternative 1: Dike Breach Alternative 2: Culvert 

Max temp Mar-Jun (C) 19 ± 2 14 ± 3 15 ± 3 

Connected floodplain area 0.2 ± 0.05 0.65 ± 0.14 0.5 ± 0.08 

Sum exceedance value 30 ± 5 80 ± 15 55 ± 12 

Onsite Offsite Onsite Offsite Onsite Offsite 

Habitat Capacity Index 0.25 0.24 0.54 0.59 0.45 0.46 

Area 60 60 60 

Habitat Units 15.09 14.38 32.42 35.56 26.73 27.63 

Opportunity/Connectivity 0.2 0.2 0.6 0.8 0.5 0.6 

Realized Habitat Units 3.02 2.88 19.45 28.45 13.37 16.58 

SEHI 5.90 ± 1.45 47.90  ± 10.49 29.94 ± 6.7 

Presenter
Presentation Notes
Example of inputs and outputs (made up numbers)  Need to add plus/minus errors to at least the calculations.



Interim Conclusions and Lessons Learned 

Challenges of integrating quantitative information across 
systems and disciplines 
 
High natural variability in space and time 
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variability for fish and habitat.  say that from more external perspective trying to integrate different data sources, what I’ve found so far is that the weakest link is ARE there even differences in prey between different sites, can we detect it, and if so what is driving those differences.  Slide with box and arrows to illustrate what I mean



Interim Conclusions and Lessons Learned 

Direct physical effects on fish 
Existing data with adaptations 
 

Prey: can we resolve differences and drivers? 
Are there differences in prey between sites or types of 
restoration?  
Can we detect differences that exist? 
Can we determine what is driving any differences? 
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variability for fish and habitat.  say that from more external perspective trying to integrate different data sources, what I’ve found so far is that the weakest link is ARE there even differences in prey between different sites, can we detect it, and if so what is driving those differences.  Slide with box and arrows to illustrate what I mean



Next Steps 
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Continue finding and integrating information 
 

Sensitivity analysis—what information is most important 
and most useful? 
 
Case study 
 
Beta testing in 2013  



Acknowledgments 

11/27/12 25 

Rapid prototypers:       Review: 
Amy Borde         Drew Tyre (UNL) 
Heida Diefenderfer       Ron Thom 
Gary Johnson        
Roy Kropp         USACE: 
Nichole Sather        Cindy Studebaker 
Christa Woodley       Blaine Ebberts 
 
Conceptual modelers: 
The above, plus 
Lara Aston 
Jill Brandenberger 
Erin Donley 
Dana Woodruff 

This research was supported by the U.S. Army Corps of  
Engineers Columbia River Fish Mitigation Program,  
Portland District, “Salmon Benefits” study code EST-P-09-1 
 

Presenter
Presentation Notes
Add logos


	Development of a Salmon Estuarine Habitat Index (SEHI)
	Objective
	Onsite and offsite benefits	
	Onsite and offsite benefits	
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Conceptual Model
	Conceptual Model
	Conceptual Model
	Conceptual Model
	Rapid Prototyping of Habitat Capacity Index 
	Bayesian Belief Network models	
	Result of rapid prototyping
	Result of rapid prototyping
	Example of working prototype
	Ongoing development
	Ongoing development
	Data: hydrology and vegetation
	Data: water temperature, food consumption, and growth
	Hypothetical application
	Interim Conclusions and Lessons Learned
	Interim Conclusions and Lessons Learned
	Next Steps
	Acknowledgments

