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Presenter Notes
Presentation Notes
Thank you all for your interest in the Loss and Salvage Predictor tool on SacPAS. This is one of the decision support tools that we host and maintain.



Loss and Salvage

• Sacramento River juvenile winter-run Chinook Salmon and Steelhead 

• Entrainment into pumping facilities in the Sacramento - San Joaquin Delta
• Federal Central Valley Project (Jones Pumping Plant)
• State Water Project (Harvey O. Banks Pumping Plant)

• Salvage: counts of fish salvaged from pumping facilities; 
collected and released near Delta exit 

• Loss: estimates of fish that died, based on counts of salvaged fish, 
incl. estimated survival parameters and other assumptions (Kimmerer 2008)
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Presenter Notes
Presentation Notes
I’ll briefly orient you to the scope of the model. It pertains to Sacramento River juvenile winter-run Chinook Salmon and Steelhead that can become entrained into one of the two pumping facilities at the southern end of the Delta (the Central Valley Project (CVP) and the State Water Project (SWP). Many juvenile fish are salvaged before they enter the pumping facilities and are returned to the Delta, but loss of fish, estimated from the salvage counts, is more important for regulatory compliance purposes. For example, Reclamation and DWR avoid exceeding annual loss of winter-run Chinook Salmon to a limit of 0.5% of the JPE  for the year.




Tools & 
Models

Workgroups 
& Teams

3

Presenter Notes
Presentation Notes
There are 4 places where this fits into SacPAS. A stand-alone Loss and Salvage Predictor which I will focus on today, and additional loss assessments that are organized for the needs of the Delta Actions Team.
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Time controls

Display controls

Calibration data controls

Presenter Notes
Presentation Notes
This is the Loss and Salvage opening page. There are three essential controls. 
First, for Time: either a projection of current data, or a hindcast for a specific historical date. 
Second, for graphic controls scaled by historical timing or take limits typed into the control area.
Third, the calibration data set.
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Time controls

Display controls

Calibration data controls

Presenter Notes
Presentation Notes
There are a lot more details available when “continue reading” in the middle of the page is selected and will be shown in-line, but depicted to the right here. 
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Calibration data controls

V3

V2
V1

V3

Versions:

Presenter Notes
Presentation Notes
There are several calibration selections. The default is recommended because it represents data from the current operational regime since 2009. It uses QC-ed data for OMR and is the same data set now used in the updated calibration of the Track-a-Cohort outputs. The second calibration “non-0 filtered” offers an alternative where the calibration data set included only non-0 loss weeks. The version 2 calibrations began with the 2009 operational regime but only include data through 2020, and the version 1 calibrations were the original calibrations provided by personal communication from Mike Tillotson in 2020. Salvage options are available for V1 and V2 but deprecated.
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Metadata

Graphical results

Tabled results

Presenter Notes
Presentation Notes
When controls are set and Run is pressed: the overview text is replaced with graphical and tabular results, which we will explore in more detail.



Loss & Salvage model  (Tillotson et al. 2022)

• Outputs: Weekly predictions of Chinook 
& Steelhead loss at the combined 
pumping facilities
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Presenter Notes
Presentation Notes
A little background is required. The Tillotson et al. 2022 model is the quantitative engine behind the loss and salvage predictor. It generates weekly predictions of Chinook & Steelhead loss at the combined pumping facilities through a modeling framework called a quantile regression forest (QRF).



Loss & Salvage model  (Tillotson et al. 2022)

• Outputs: Weekly predictions of Chinook 
& Steelhead loss at the combined 
pumping facilities

• Method: Machine Learning using a
Quantile Regression Forest (QRF)
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Presenter Notes
Presentation Notes
The QRF is a machine learning technique well suited to certain types of data analyses especially when mechanistic relationships are not established.



Loss & Salvage model  (Tillotson et al. 2022)

• Method: Machine Learning using a
Quantile Regression Forest (QRF)
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A non-parametric method to make probabilistic 
predictions.

Explanatory variables:
• predictors are hypothesized to be meaningful to 

the response

Assumptions:
• historical data used for the training data set are 

representative of the forecast period
• future “behaves” like the past

Limitations:
• no physical nor biological mechanisms in model

Not needed for QRF to be predictive

Presenter Notes
Presentation Notes
In brief, it is a non-parametric method to make probabilistic predictions of entrainment loss using explanatory variables as predictors. All QRF models rely on representative historical data and assume that the future will be like the past. Although there are no explicit physical nor biological mechanisms they are not required for QRF models to be predictive.



Loss & Salvage model  (Tillotson et al. 2022)

• Outputs: Weekly predictions of Chinook 
& Steelhead loss at the combined 
pumping facilities

• Method: Machine Learning using 
Quantile Regression Forests 

• Inputs: historical observations of loss,  
environmental conditions, operations 

11

Presenter Notes
Presentation Notes
So back to the model. The Inputs, or predictors are the same as Tillotson’s.



Loss & Salvage model  (Tillotson et al. 2022)

• Inputs: historical observations of loss,  
environmental conditions, operations 

• Previous week loss
• Week of the water year
• Old & Middle River flow (OMR)
• Sacramento River flow
• San Joaquin River flow
• Exports from CVP and SWP combined
• DCC status (open/close)
• Temperature Mallard Island
• Precipitation at Stockton Fire Station
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Presenter Notes
Presentation Notes
They are listed here, color-coded to gently draw distinctions. The timeseries of previous week’s loss and the week-of-water-year are in black and will be emphasized below. The flow components are in green, and the other environmental predictors are maroon. 
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Key Landmarks

Flow  sites

Other inputs

Data sources

Mallard Island

Presenter Notes
Presentation Notes
This map illustrates the sources of these data. 
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State Water Project 
(SWP)

Central Valley Project 
(CVP)

N

Key Landmarks

Flow  sites

Other inputs

Data sources

Mallard Island

Presenter Notes
Presentation Notes
Loss occurs at the two pumping facilities shown at the bottom of the map. 
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Presenter Notes
Presentation Notes
Exports here and the three other flow sources are shown in green. 
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Presenter Notes
Presentation Notes
The other environmental predictors are in maroon circles.



Data and
Results 
Summary

Winter-run Steelhead
weeks with fish 21% 34%

During weeks with fish:

Mean # of fish per week

Median # of fish per week

Max # of fish per week

91
19
980

74
26
779

DCC gate closed 98% 89%

R2 of predicted vs. observed

Tillotson1 R2

0.51
0.44

0.62
0.60

17 years
2009 - 2025

884 weeks

1From a cross-validation analysis
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Presenter Notes
Presentation Notes
Out of the entire year, winter-run have a more compact arrival time-frame than the steelhead but with occasionally very large numbers up to 50x the median passage value. For most of the passage season of both runs, the DCC gate is closed.
Does the model have good predictive skill? If we examine only the point predictions with the observed loss, then the latest calibrations result in slightly better predictions than Tillotson’s.  I attribute this nominal improvement to having the calibration data set overlap with the operational regime begun in 2009 stipulated by the BiOP.



Results

Predicted vs
Observed 

(2009-2025 data)

Winter-run Chinook Winter-run Chinook

Steelhead Steelhead
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Presenter Notes
Presentation Notes
Here are the predicted and observed loss over the 17 years as counts on the left and a log scale on the right.



Predictor

• Previous week loss for Steelhead & 
winter-run Chinook 

• Week of the water year
• Old & Middle River flow
• Sacramento River flow
• San Joaquin River flow
• Exports from CVP and SWP combined
• DCC status (open/close)
• Temperature Mallard Island
• Precipitation at Stockton Fire Station
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Abbreviation

steelhead.pw      winter.pw
wy.week
OMR
SAC
SJR
export
DCC 
temp.mal
precip

Presenter Notes
Presentation Notes
A QRF model keeps track of the predictors and their importance for predicting the response. Here, I have re-listed the predictors on the left, and provided a mnemonic abbreviation on the right to help us interpret their importance.



Importance: “The increase in Mean Squared Error if that predictor is 
randomly permuted during the calibration” 
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winter.pw
wy.week

temp.mal
OMR

export
SAC
SJR

DCC 
precip

steelhead.pw

wy.week

OMR

temp.mal

export

DCC 

SAC

SJR

precip

Presenter Notes
Presentation Notes
This is a summary of each predictor and how important it is for the two runs.  The previous week’s loss and the week are at the top for both runs. The other predictors are listed in descending order of importance. However, the reality of this as a data-based model must be emphasized. At face value, it looks like the DCC gate status is not very important. However, recall that almost all weeks with loss are also weeks when the gate is closed, so open-gate conditions are rare and don’t often contribute to the response. Another predictor to emphasize is the precipitation. It made sense to explore this initially because it could potentially generate very large volumes of water. However, for both steelhead and winter-run, precipitation has a trivial importance at best.



Marginal Plots
Previous week loss

Sensitivity of predicted loss to 
range of previous week loss.

Shaded area is the 80%
prediction interval around
the median line. 

Other predictors:
week 25
DCC closed
set to average
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Presenter Notes
Presentation Notes
Another perspective on the week-to-week loss is to examine marginal plots. These are hypothetical scenarios generated by varying only the previous week’s loss and holding the other predictors at their mean values, except the DCC gate which is set as ‘closed’, and the week of the year set to 25, near the middle of the migration season. The confidence bounds increase with the predicted loss in both cases and plateau after a loss near 500 for both winter-run and steelhead. There are very few weeks with large losses like this and the data-based model does not extrapolate.



Example hindcast: 

2026 March 8 
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Presenter Notes
Presentation Notes
Now let’s examine outputs displayed on the Loss & Salvage Predictor page. In this image, the blue line with circles are the data. The yellow arrow points to the observed cumulative loss of 203 steelhead for week 23. The green area are the projected model-based, 90% confidence intervals for the loss in weeks 23 and 24, and the median prediction line is overplotted by the observations. Week 23 was based on all the week 22 inputs. Then in turn, week 24 is the projection forward using the observed loss and the current environmental predictors.
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Week-to-week predictions from 
February (week 21) to April (week 28) 
for natural-origin winter-run in 2025. 

Annual incidental take limit :    494
Final observed loss:   158

Presenter Notes
Presentation Notes
These are outputs over one week intervals in 2025. Note that each graph scales to accommodate the prediction ranges but the predictions advance with each week and are replaced by observations. In some weeks, the prediction bounds are very large, but by the end of 2025 the final observed loss was 158 winter-run, well below the annual, JPE-base take limit of 494.




Loss & Salvage Tool Results
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Presenter Notes
Presentation Notes
All of the details for a forecast or hindcast are summarized in these tables and printed at the bottom of the Loss & Salvage Predictor page. 



Loss & Salvage Decision Support Tools on SacPAS
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Tools & Models Workgroups & Teams: Delta Actions Team

Presenter Notes
Presentation Notes
The Loss and Salvage predictor tool and other loss assessments are inter-related. 



Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface
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Tools & Models Workgroups & Teams: Delta Actions Team

Presenter Notes
Presentation Notes
The Loss and Salvage predictor tool we have just explored.




Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface

Track-a-Cohort
Juveniles in Delta
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Tools & Models Workgroups & Teams: Delta Actions Team

Presenter Notes
Presentation Notes
The predictor tool and T-a-C are related because they both use the exact same input data for calibration. However, the Track-a-Cohort outputs are somewhat different than the Loss and Salvage predictor outputs. First, the T-a-C outputs are completely stochastic, resulting in predictions that are made daily but with point predictions varying as the season progresses. Second, the T-a-C method can not make hindcasts nor offer user-generated prediction scenarios.




Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface

Real Time Assessment
for Delta Operations

Track-a-Cohort
Juveniles in Delta
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Tools & Models Workgroups & Teams: Delta Actions Team

Presenter Notes
Presentation Notes
The Loss and Salvage predictor outputs are propagated to the Real Time Assessment page.



Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface

Real Time Assessment
for Delta Operations

Track-a-Cohort
Juveniles in Delta
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Tools & Models Workgroups & Teams: Delta Actions Team

● User input of customized data sets
● User input of scenarios data
● Predictions for next week or historical

Presenter Notes
Presentation Notes
The Loss and Salvage predictor is the most flexible in terms of scenario generation




Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface

Real Time Assessment
for Delta Operations

Track-a-Cohort
Juveniles in Delta
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Tools & Models Workgroups & Teams: Delta Actions Team

● Predicted weekly loss 
automatically generated 
daily (Figure and Table)

● User input of customized data sets
● User input of scenarios data
● Predictions for next week or historical

Presenter Notes
Presentation Notes
The Track-a-Cohort page predicts weekly loss automatically and is updated with daily data.




Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface

Real Time Assessment
for Delta Operations

Track-a-Cohort
Juveniles in Delta
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Tools & Models Workgroups & Teams: Delta Actions Team

● Observed and predicted 
weekly loss automatically 
generated for weekly 
assessments

● Predicted weekly loss 
automatically generated 
daily (Figure and Table)

● User input of customized data sets
● User input of scenarios data
● Predictions for next week or historical

Presenter Notes
Presentation Notes
For Real time assessment, observed and predicted loss are automatically generated and reported.




Loss & Salvage Decision Support Tools on SacPAS

Loss & Salvage Predictor
with User Interface

Real Time Assessment
for Delta Operations

Track-a-Cohort
Juveniles in Delta
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Tools & Models Workgroups & Teams: Delta Actions Team

● Observed and predicted 
weekly loss automatically 
generated for weekly 
assessments

● Predicted weekly loss 
automatically generated 
daily (Figure and Table)

● User input of customized data sets
● User input of scenarios data
● Predictions for next week or historical

Presenter Notes
Presentation Notes
The Loss and Salvage Predictor Tool can be used to explore scenarios.




Predict next week with 
optional user-controlled 
scenarios  of the predictors

33

Loss & Salvage Decision Support Tools on SacPAS

Presenter Notes
Presentation Notes
When “Most Recent” is selected the model generates the weekly prediction and projects forward to the following week with current environmental conditions. Here, those values are placed in menus so that a future condition can be generated and evaluated. Select values for one or more predictors of interest and click Run to see what happens!



OMRI scenarios: 
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Loss & Salvage Decision Support Tools on SacPAS

Workgroups & Teams: Delta Actions Team 

Presenter Notes
Presentation Notes
Finally, there are some outputs relevant to OMR scenarios for the Delta Action Team. The OMRI is an index of OMR that can be used as a predictable surrogate for OMR. The comparison of predicted steelhead loss across these scenarios is shown for week 39 of last water year (2026). The prediction for the weekly conditions is shown in blue.



Loss & Salvage Predictor Tool

Questions?

CDFW, Bay Delta Region, for the Loss & Salvage data

Bureau of Reclamation
Lisa Elliott (GOTR) Josh Israel

Acknowledgments
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Presenter Notes
Presentation Notes
Thank you for your interest in the Loss and Salvage Predictor. I am happy to answer any questions as time allows and would certainly welcome any follow-up through email exchange or conversation. Happy Modeling!
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