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Presenter Notes
Presentation Notes
Thank you for the opportunity to present this work. This presentation is meant to introduce an R shiny app that my co-author Rebecca Bucanan and I have been working on that generates predictions of Juvenile Steelhead survival and routing through the lower San Joaquin River and the South Delta.

Predictions provided by the application are based on findings from two multi-year acoustic telemetry studies focused on routing at specific junctions and reach-specific survival models.

This presentation is a condensed version of a talk that I given to Bureau of Reclamation last month. I will mainly provide some background information on the system and the original routing and survival studies, before giving a brief tour of current version of the application




Steelhead in the Sacramento/San Joaquin 
Delta
• Central Valley steelhead are 

threatened under ESA
• High mortality for juvenile 

Steelhead traversing the 
Delta

• Uncertainties surrounding 
how juvenile Steelhead 
respond to conditions in the 
Delta

• Environmental conditions
• Management activities

Presenter Notes
Presentation Notes
Here is some background information on San Joaquin Basin steelhead:

They are part of the California Central valley distinct population segment and were listed as threatened in 1998 with their decline mostly attributed to human-caused habitat alterations.
Outmigrating juvenile steelhead have been the subject of research because this life stage is at especially high risk of mortality.
Understanding the outmigration has been challenging because the Delta is a complex environment with many factors to consider including multiple migratory pathways, dynamic hydrologic conditions, with  related tides and water exports. 
Acoustic telemetry studies have allowed strides to be made toward understanding the outmigration process and connecting movement and survival to environmental conditions and operational variables.




Junction Route Remain in 
Mainstem

HOR SJL (San Joaquin) Yes

ORE (Old River Route) No

TCJ MAC (towards MacDonald Island) Yes

TRN  (Turner Cut (toward interior 
Delta)

No 

Acoustic Telemetry Studies (2011-2016)

SWP

CVP

• Design
• Multiple releases per year (𝑟𝑟)
• Stations set up to monitor 

junctions where fish may 
deviate from mainstem

Durham 
Ferry 

Head of 
Old River 

(HOR)

Turner Cut 
Junction 

(TCJ)

Telemetry station

Release

Salvage facility

Mainstem  San Joaquin River 

Chipps 
Island

Presenter Notes
Presentation Notes
Here is a map of the study area for some key acoustic telemetry studies focused on juvenile steelhead survival and route use:

The blue line denotes the mainstem San Joaquin River route, which can be thought of as the ideal migratory path for juvenile steelhead under most circumstances.
The green triangle shows the release location at Durham Ferry, and the black points and labels represent some important receiver locations. 
A major component of this work was examining how steelhead navigate key junctions along the river. 
It is difficult to see at this scale, but the receivers are arranged so that they monitor the proportion of fish deviating from the mainstem, which is described in the table. There are multiple routes through the interior Delta, so this array configuration is intended to study frequency of deviations from the mainstem route and the factor that influence that. 
There are more receiver locations that I am not showing, just to keep this explanation streamlined.
Crosses indicate water export facilities, which are also locations where steelhead are salvaged.



Acoustic Telemetry Studies (2011-2016)

Chipps 
Island

SWP

CVP

Head of 
Old River 

(HOR)

Turner Cut 
Junction 

(TCJ)

CLC

MSD

VNS

ORB

MID

Mainstem  San Joaquin River • Design
• Multiple releases per year (𝑟𝑟)
• Stations set up to monitor 

junctions where fish may 
deviate from mainstem

• Monitor hydrologic 
conditions across region

Scale Environmental Management
Continuous • Inflow (VNS) & Outflow (CHP)

• Temperature (CLC, MSD); 
• Interior Net Flow (ORB,MID)

Water exports 
(CVP,SWP)

Categorical Water Year Type: 
 Critical → Dry →  Below Normal  
→  Above Normal  →  Wet 

Barrier at HOR HOR Barrier
In = 2012, 2014, 2015, 2016
Out = 2011, 2013

Telemetry station

Release

Salvage facility

Env. station

Presenter Notes
Presentation Notes
Environmental and management variables are recorded at sites spread throughout the study areas:

Yellow squares denote monitoring locations.
The table on the bottom left shows the environmental and operational variables considered as explanatory variables in these studies. There are continuous measurements that are on daily and sub-daily scales, which have abbreviations refer to sites where flows or temperatures are recorded by various groups agencies:
VNS: Vernalis USGS gage where Inflow is measured,
CLC & MSD: temperature monitoring at the CVP water export facility and Mossdale monitoring site, and
ORB & MID: Old and Middle river flow monitoring locations used to compute another metric, OMR.
Categorical and annual-scale variables include:
Water Year Type categories for the SJR: Critical, Dry, Below Normal, Above Normal, and Wet, and
Physical barrier placement at the Head of Old River (HOR), which is intended to affect fish routing and flows.



Modeling Based on Acoustic Study Data

Reach-Specific Survival (𝜽𝜽)
 

TCJ

HOR

𝜃𝜃

𝜽𝜽

𝜽𝜽

TCJ*

𝜃𝜃*

*

Route Usage at Junctions (𝜳𝜳)

CHP
Mainstem SJR = 𝜳𝜳
Alternative = 1- 𝜳𝜳

Presenter Notes
Presentation Notes
The image on the right is a schematic representation of the map shown on the previous slide, highlighting two key junctions. 
The thumbnails images on the left refer to publications describing the two multi-year analyses. 

Buchanan et al. 2021 focused on modeling route-specific survival probability:
Survival probabilities are represent using the Greek letter theta, with blue thetas representing reaches along the mainstem SJR and the gray ones representing multiple path in the interior delta.
Asterisks indicating routes containing branching paths that are not monitored. 
It is important to note that survival probability is conditional on knowing the last route individual fish were observed taking as they left the junction.

Buchanan 2024, focused on the route usage component of the outmigration process:
Route usage is modeled as the probability of remaining along the mainstem San Joaquin vs. deviating and traveling along paths int the interior delta, which we represent with the Greek letter Psi.



Modeling Based on Acoustic Study Data

Reach-Specific Survival (𝜽𝜽)
 

Route Usage at Junctions (𝜳𝜳)

Analytical Approaches
• Fit models with alternative 

sets of predictors
• Identified top-performing 

models using ∆AIC
• Model-averaged predictions 

(Route Usage)

Presenter Notes
Presentation Notes
The two acoustic telemetry studies share some similar analytical methods including: candidate model sets created using alternative sets of explanatory variables and ranking models based on estimated predictive performance using Akaike Information Criterion (AIC). The route-usage study also computed model-averaged predictions, which accounted for model-specification uncertainty in precision estimates.




Several Findings from Multi-Year Analyses

Water Exports (CVP)
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Route Use
• Delta inflow (VNS), HOR barrier, and 

CVP exports affect routing at TCJ
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Inflow (VNS)

Survival
• Inflow, barrier presence, & fish size 

affect survival in multiple reaches

Presenter Notes
Presentation Notes
Here is a brief mention some key findings from the results of multi-year studies, which is not comprehensive but meant to depict a few key association between response variables (survival and route usage) and explanatory variables. 

The left plot shows survival between the Head of Old River and Chipps Island along mainstem San Joaquin as a function of inflow measured at Vernalis, with different lines and 95% confidence bands. The effect of inflow depends on whether the barrier was in place. 

The right plot shows the probability of a fish remaining within the San Joaquin at Turner Cut junction, with different lines and confidence interval bands for two different water year types. 



Goal: Construct application for predicting juvenile Steelhead 
route use and survival using telemetry study findings

Objective 1: Develop broader modeling framework for combining 
outputs from component models 

• Reformulate models and expand multi-model inference approach

Objective 2: Create a web-based interface for generating 
predictions

• Select daily inputs from past years or user-uploaded data

Presenter Notes
Presentation Notes
This slide describes the broad goal of the project, which could be viewed integrating and furthering the work done by the previous multi-year analyses and making necessary changes to modeling procedures and to allow predictions to be generated on the fly.

I do not have time to go into the specifics of the objectives that I listed but will mention that objective one involved reformulating models in the original studies so that they could be combined and expanding the model-averaging approach which had only been part of the route-usage analysis include all component models. 

As for objective two, I also cannot go into detail but will say that we decided that we wanted a tool that would allow the user to access and select input data (i.e., daily and annual explanatory variables) based on past years or user-uploaded data sets. Another design consideration of ours was that we wanted the application to make the user aware of the extent to which the inputs that they specifies overlap with the data that was used to fit the underlying models.




Presenter Notes
Presentation Notes
This is the “About” page that the user sees first, which includes the schematic representation of the Delta and which overall survival for two different starting points HOR an TCJ. 



Inputs

Presenter Notes
Presentation Notes
Selecting the “Inputs” tab on the sidebar or button takes the user to a page where they can start to make decisions about the input data they’d like to use.



Documentation

Presenter Notes
Presentation Notes
Selecting the “Methods and References” button in the center or at the top takes the user to a more detailed documentation page. 




Presenter Notes
Presentation Notes
On the “Inputs” page the user is greeted with some instructions and initial choices: “Starting Location” and the data “Source.”



Starting Location

Presenter Notes
Presentation Notes
The starting location drop down menu options line up with the diagram.



Starting Location

Presenter Notes
Presentation Notes
This slide continues to highlight how the starting location drop down menu options line up with the diagram.




Presenter Notes
Presentation Notes
The “Source” dropdown document is the first major decision that the user makes. First, I’ll show the “Previous year” choice.



Year Selection

Date / Day of 
Year Selection

Day range 
selection pop-up

Table 
shows 

selected 
year and 

attributes

Presenter Notes
Presentation Notes
The “Previous year” choice has some additional input requirements, and the “Select Daily Environmental Data” box provides ways to select inputs and has tables and plots that are meant to give the user more context for their selections. The required inputs are the calendar year that is to be used and range of days within that year. Clicking on the “Day of Year Slider” opens a window with a slider bar and a histogram of days of year used in the underlying models. The table to the right provides a summary of the previous years that are selectable and their attributes, including the water year type, whether the Head of Old River barrier was in place for a non-trivial amount of time and whether the years was used in the models that underly the predictions. 



Presenter Notes
Presentation Notes
Beneath the selections within the gray box is a plotting tool that shows the selected input data vs values in other years, which are color-coded by Water Year Category. The current plot depicts 2013 inflow at Vernalis during the selected period, but there are other visualization options. 



Presenter Notes
Presentation Notes
A dropdown menu allows the user to swap between different daily-scale variables that were used in the modeling, or which are helpful for providing context for the user. These variables are grouped into rough categories that include Inflow, Outflow, Interior flow, Exports, and Temperature. 



Juvenile Steelhead 
fork length

Lengths of fish from 
acoustic studies

Presenter Notes
Presentation Notes
The final variable that the use can specify is the average fork length on which predictions should be based. The default is the median fork length for fish in the 2001-2016 studies, and the distribution of all study fish lengths is shown in the histogram. 

Before moving on to checking inputs and generating outputs, I want to backtrack briefly and show you the other input option, which is the uploading input data.



Presenter Notes
Presentation Notes
Here is what selecting the “Upload file (.csv)” option looks like.



Template 
showing  
required 

inputs

Download a 
sample 

version of 
the CSV 

table

Presenter Notes
Presentation Notes
A different gray box appears that provides a “Browse” button for selecting a comma-separated data file (.csv) file to upload. A template showing what the data should look like is presented visually, and there is an option for downloading a sample file so that it is easier for the user to understand what needs to be included. 



Check that 
selected/ uploaded 
inputs are within the 
bounds of the 
model

Presenter Notes
Presentation Notes
Here,  I have collapsed gray boxes so that you can see the next part of the app that is meant to check the selected or uploaded inputs and provide error messages or warnings when they deviate from the data used to fit survival and routing models. 

You will notice that the “Generate Estimates” button is grayed out until the check is performed. 



Generate estimates 
for selected inputs

Presenter Notes
Presentation Notes
A gray check box indicates that the data is acceptable, meaning that the “Generate Estimates” button can be pressed
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Presenter Notes
Presentation Notes
Predictions for the inputs are presented as a series of plots, beginning with overall survival estimates derived from survival and route-use component models. The plot on the bottom right is not part of the application output but intended to show the quantity being shown. The sidebar shows that overall survival is being viewed, but graphs of other estimates are also provided lower on the page.
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Presenter Notes
Presentation Notes
Here are survival estimates for fish that take the San Joaquin river route downstream of the head of old river junction. On the left, we have  survival between HOR and TCJ, and on the right we have survival downstream of TCJ, regardless of the route taken when leaving the junction. 
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Presenter Notes
Presentation Notes
The plots in the “Route-Specific Survival” section show some conditional survival estimates that correspond to quantities modeled in the original multi-year survival analysis



Presenter Notes
Presentation Notes
The “Route Usage” section shows the complementary route-usage probability prediction by junction. I apologize that this example is not especially flashy. 



Presenter Notes
Presentation Notes
At the bottom of output is a preview of some output tables that are downloadable as .csv files via “Download Estimates (.csv).” 



Next steps

Refine the prediction model 
• Revisit sets of environmental and operational variables 

in original studies (e.g., old definition of OMR)
• Cross-validation to further improve prediction accuracy

Additional features and options
• Travel times between junctions
• Additional settings (tuning parameters, thresholds)

Presenter Notes
Presentation Notes
Some of the things that are on the horizon for this project include refining the prediction models, model ranking and averaging pipeline more broadly, and adding new features. 

In the near term, we plan to review and likely update some of the environmental and operational predictors. We are also planning to use cross-validation to further refine the prediction process.

We are also plan to explicitly incorporate travel time as something that the tool predicts and as a setting that can be tuned when producing output. 



We would love your feedback

Please check out the latest 
version here:

Contact us
Steve Whitlock

• swhit@uw.edu
Rebecca Buchanan

• rabuchan@uw.edu 

https://www.cbr.washington.edu/sacramento/tools/sthd_surv_rte_pred.html

Presenter Notes
Presentation Notes
We are interested in obtaining feedback on this and future versions of the application. You can use the QR code or the link to access the page where the application is hosted and where there is a survey that you can fill out. 

https://swhit-cbr-cvpassapp.share.connect.posit.cloud/
https://swhit-cbr-cvpassapp.share.connect.posit.cloud/
mailto:swhit@uw.edu
mailto:swhit@uw.edu
mailto:rabuchan@uw.edu
mailto:rabuchan@uw.edu
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