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Origins of FBW

 1999: ESA-listing of spring Chinook salmon and 

winter steelhead in the Willamette Basin 

 2008 NOAA Fisheries Biological Opinion: to 

reduce Willamette Projects’ impact on these 

species, improve juvenile dam passage 

and other measures

High-head 

dams



Origins of FBW

 2014: Fish Benefits Workbook (FBW) designed by 

the Army Corps with inputs from NOAA, ODFW, 

others

 Purpose: Simulate downstream dam passage of 

juvenile salmonids from forebay → tailrace 

to rank alternative dam passage measures

 Excel and VBA-based model

USACE Portland (2012)



Overview of FBW

 Step 1: Input results from a ResSim 

model (simulates dam hydrology under 

some assumed dam operation)

For each day in a 70-year+ period of record:

■ Pool elevation

Fish passage 

structure (FPS)
*not shown

Spillway

PowerhouseRegulating 

outlets (RO)

Kock et al. (2015; USGS Report 2015-1220)



Overview of FBW

 Step 1: Input results from a ResSim 

model (simulates dam hydrology under 

some assumed dam operation)

For each day in a 70-year+ period of record:

■ Pool elevation

■ Total outflow

■ Distribution of flow
between available 
outlets

Fish passage 

structure (FPS)
*not shown

Spillway

PowerhouseRegulating 

outlets (RO)

Kock et al. (2015; USGS Report 2015-1220)
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 Step 2: Input biological parameters that describe 

how fish interact with dam hydrology
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Overview of FBW

How pool elevation informs dam passage efficiency,

How fish distribute according to flow, and

How flow through each outlet influences survival

 Step 2: Input biological parameters that describe 

how fish interact with dam hydrology

 Step 1: Input results from a ResSim 

model



Overview of FBW

 Step 2: Input biological parameters that describe 

how fish interact with dam hydrology

Many parameters are inter-dependent and  

influenced by outflow,

dam operating rules, 
and other inputs

 Step 1: Input results from a ResSim 

model

How pool elevation informs dam passage efficiency,

How fish distribute according to flow, and

How flow through each outlet influences survival



FBW’s Key Outputs

Step 3: Run FBW model

For each day in the period 
of record, calculate

■ Dam passage efficiency 
(DPE)

■ Dam passage survival 
(DPS)



FBW’s Key Outputs

Step 3: Run FBW model

For each day in the period 
of record, calculate

■ Dam passage efficiency 
(DPE)

■ Dam passage survival 
(DPS)

then summarize average 
DPE and DPS by year, 
month, water year type for 

use in life cycle models



State of the model

 2014: FBW parameterized and reviewed by Alden 

Research Laboratory, then reviewed by 

Independent Scientific Advisory Board

Issues identified: 
• Limited data available to inform inputs

• Excel not suited to incorporate 

uncertainty (point estimates only)

• Limited model flexibility



State of the model

 2014: FBW parameterized and reviewed by Alden 

Research Laboratory, then reviewed by 

Independent Scientific Advisory Board

From recent experience:

 VBA and Excel pose a barrier to development 

and dissemination of the model

Issues identified: 

• Limited data available to inform inputs

• Excel not suited to incorporate 

uncertainty (point estimates only)

• Limited model flexibility
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Why translate FBW Excel into R?

Incerti et al. (2022) doi:10.1016/j.jval.2019.01.003

Compared to Excel, more flexible 

programming languages can be used to 

build models that are

1. More transparent and reproducible,

2. more reusable and adaptable, and

3. capable of quantifying uncertainty.

R is commonly used by scientists in many 

fields, well-developed, free and open source



Why translate FBW Excel into R?

Incerti et al. (2022) doi:10.1016/j.jval.2019.01.003

Re-built FBW in R and Shiny with goal of 

improving:

1. User-friendliness,

2. Data validation and real-time 

feedback, and

3. Customizability.

Compared to Excel, more flexible 

programming languages can be used to 

build models that are

1. More transparent and reproducible,

2. more reusable and adaptable, and

3. capable of quantifying uncertainty.

R is commonly used by scientists in many 

fields, well-developed, free and open source



A user-friendly interface

FBW Excel

 VBA-based workbooks with macros: 

issues with distribution, security, and 

development



A user-friendly interface

FBW Excel

 VBA-based workbooks with macros: 

issues with distribution, security, and 

development

fbwR in Shiny

 Use the model as an R script, 

Chang et al. (2021). shiny: Web Application Framework for R.



A user-friendly interface

FBW Excel

 VBA-based workbooks with macros: 

issues with distribution, security, and 

development

fbwR in Shiny

 Use the model as an R script, 

…or access a Shiny graphical interface 
in any browser

Chang et al. (2021). shiny: Web Application Framework for R.



A user-friendly interface: Navigating the Shiny app

Information, drop-down menus, and Next/Back buttons guide the user through data entry



A user-friendly interface: Navigating the Shiny app

Information, drop-down menus, and Next/Back buttons guide the user through data entry

Animated gif demonstrating drop-down menus that walk through several steps 

to inputting parameters into the fbwR Shiny app. Clicking on each of the top-

level menu items shows a drop-down set of options. 



Immediate data validation and interactive graphics

There is always some risk of incorrectly inputting data; 

fbwR and Shiny app designed to help spot these issues when they happen

e.g.,

• Preview compiled data

• Preview the results of calculations 

• Immediate data validation and pre-run error check

e.g., Tables/graphics



Immediate data validation: ResSim

■ ResSim results are manually copy-pasted into 
several sheets in the FBW Excel workbook
→ easy to make mistakes

■ No data checking/date alignment, does not check 
if the years in the period of record match

FBW Excel
Pool Elevation: Period of record begins in 1946

RO Outflow: Period of record begins in 1945



Immediate data validation: ResSim

■ ResSim results are manually copy-pasted into 
several sheets in the FBW Excel workbook
→ easy to make mistakes

■ No data checking/date alignment, does not check 
if the years in the period of record match

 Users upload ResSim as a single workbook, with 

the data processing handled by software

 Hydrological data merged by date

fbwRFBW Excel



Immediate data validation: ResSim

■ ResSim results are manually copy-pasted into 
several sheets in the FBW Excel workbook
→ easy to make mistakes

■ No data checking/date alignment, does not check 
if the years in the period of record match

 Users upload ResSim as a single workbook, with 

the data processing handled by software

 Hydrological data merged by date

 In Shiny, after uploading ResSim, preview date-

merged hydrological data and graphics

fbwR in Shiny

fbwRFBW Excel



Immediate data validation: ResSim



Immediate data validation: ResSim

Animated gif: previewing compiled ResSim data. Daily ResSim results can be

previewed in a table, and in a series of interactive graphics (showing pool 

elevation, total outflow, and outflow through each outlet). 

Users can select what types of graphics to see: ResSim results for a single year, 

or averaged by water year type.



Interactivity and real-time feedback: Biological parameters

 Interactive elements help users to know 

which parameters are required for what 

kinds of model runs

e.g., Reactive inputs based on which 

fish passage structure type is chosen, 

like 

Only weir-type fish passage 

structures may have 

date-specific use



Interactivity and real-time feedback: Biological parameters

 Interactive elements help users to know 

which parameters are required for what 

kinds of model runs

e.g., Reactive inputs based on which 

fish passage structure type is chosen, 

like 

Only weir-type fish passage 

structures may have 

date-specific use

Animated gif where the user selects the “Weir” type 

fish passage structure, and a date entry input form 

appears. Selecting other types of fish passage 

structures makes the date entry form disappear, as 

only weir types can take date restrictions.



Interactivity and real-time feedback: Biological parameters

 Interactive elements help users to know 

which parameters are required for what 

kinds of model runs

 Some interactive tables are 

immediately formatted to help users 

identify the range of values and 

improve the ease and speed of 

debugging

e.g., Use of a colour gradient to 

show ranges of values



Interactivity and real-time feedback: Biological parameters

Interactivity is especially useful for parameters that depend on multiple other inputs 

e.g, structure-specific Dam Passage Efficiency

Table defines DPE for each structure as a 

function of pool elevation



Interactivity and real-time feedback: Biological parameters

Interactivity is especially useful for parameters that depend on multiple other inputs 

e.g, structure-specific Dam Passage Efficiency

Function of:

1. Which column in the table to use?

Function of:

1. Which column in the table to use?



Interactivity and real-time feedback: Biological parameters

Interactivity is especially useful for parameters that depend on multiple other inputs 

e.g, structure-specific Dam Passage Efficiency

Function of:

1. Which column in the table to use?

2. Elevation restrictions

Function of:

1. Which column in the table to use?

2. Elevation restrictions



Interactivity and real-time feedback: Biological parameters

Animated gif showing how user inputs on the left (via the DPE 

table and inputs above the table) influence actually calculated 

DPE. The graphic on the right and the blue highlighting in the 

DPE table both update depending on user inputs.



Interactivity and real-time feedback: Biological parameters

Animated gif showing how user inputs on the left (via the DPE 

table and inputs above the table) influence actually calculated 

DPE. The graphic on the right and the blue highlighting in the 

DPE table both update depending on user inputs.



Interactivity and real-time feedback: Results

Before running the model, the app performs a final data check.

If no errors: Run the model and provide results in 

summarized

and daily formats



Interactivity and real-time feedback: Results

Summarized results presented in 

color-coded tables and linked graphics

Fish distribution between 

months and outlets
Fish distribution * survival



Interactivity and real-time feedback: Results

Summarized results presented in 

color-coded tables and linked graphics
Proportion in fish 

passage structure

Proportion in fish 

passage structure * 

survival



Interactivity and real-time feedback: Results



Interactivity and real-time feedback: Results

Animated gif showing an interactive results graphic, where the 

user can hover over the results and see more detailed 

information about, e.g., monthly fish distribution and survival 

through the fish passage structure
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What is next for fbwR Shiny? 

 Current version: replicates FBW Excel model structure and input types, has been validated against Excel

 Over the next year: Revise the fbwR model and Shiny app to include propagation of uncertainty, new model features



What is next for fbwR Shiny? 

 Current version: replicates FBW Excel model structure and input types, has been validated against Excel

 Over the next year: Revise the fbwR model and Shiny app to include propagation of uncertainty, new model features

Range of DPE and route survival estimates at Cougar Dam, 

Beeman et al. (2012, 2014)



What is next for fbwR Shiny? 

 Current version: replicates FBW Excel model structure and input types, has been validated against Excel

 Over the next year: Revise the fbwR model and Shiny app to include propagation of uncertainty, new model features

Range of DPE and route survival estimates at Cougar Dam, 

Beeman et al. (2012, 2014)

……
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 Current version: replicates FBW Excel model structure and input types, has been validated against Excel

 Over the next year: Revise the fbwR model and Shiny app to include propagation of uncertainty, new model features

e.g.,  Model those fish which do not pass the dam

What if they try to pass 

again the next day? 



What is next for fbwR Shiny? 

 Current version: replicates FBW Excel model structure and input types, has been validated against Excel

 Over the next year: Revise the fbwR model and Shiny app to include propagation of uncertainty, new model features

e.g.,  Model those fish which do not pass the dam

What if they try to pass 

again the next day? 
With new understanding of how fish pass dams,

update the model to reflect 

new information
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Interested in participating in an fbwR Shiny demo session? 

 Scanning this QR code will take you 

to a Google Form asking for your 

name and an email address where I 

will contact you when the Shiny app 

ready for demonstration

Integrated Fish Passage Project

https://forms.gle/DeGTBAJzbPn148kH9

m.deith@oceans.ubc.ca




