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Outline

• Background on the assessment process

• Overview of the r4ss package

• Lessons learned

• Thoughts for the next generation of output processing

Note: this talk is from my perspective, not an attempt to cover the wide range of 
output processing tools used in stock assessment, including R packages for other 
models, GUI interfaces, etc. 
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Background on the assessment process
• Illustrated using 2019 

stock assessment for 
Big Skate on 
U.S. west coast

• Age structure model 
using Stock Synthesis

• Limited data, 
not a very complex 
assessment
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Background on the assessment process

pre-review 

document due

review meeting• 847 different models 
run in 2 months

• 190 models run during 
5-day review meeting
• 7 new candidate models
• 108 profile models 
• 72 sensitivity analyses
• 3 forecasts

• 38,000 plots created 
(~200/mod × ~200 mods)

• Requires automation
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• The modeling step is always squeezed for time

• Making any repetitious task more efficient allows more time 
for the fun and valuable part of modeling: discovery

Background on the assessment process

timeline

data gathering/processing report writing deadline
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• The modeling step is always squeezed for time

• Making any repetitious task more efficient allows more time 
for the fun and valuable part of modeling: discovery

Background on the assessment process

timeline

data gathering/processing report writing deadline

“You spend 90% of your time trying to run the damn model and 

then the next 10% making plots and writing the report and 

whatnot and then you go home, drink a bottle of wine, and 

forget everything you just did” 

-Ernesto Jardim
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Overview of r4ss
• An R package* for processing output from Stock Synthesis
• Has many functions for manipulating input files
• Evolved over a long period to incorporate new functions and 

improve on existing elements
• Lots of old code still in place which would be written 

differently if developed today
• Available on the Comprehensive R Archive Network (CRAN) 

and GitHub github.com/r4ss/r4ss

*R package = a collection of functions and their documentation that are bundled together in an easy-to-install format

https://github.com/r4ss/r4ss
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A brief history of the 
r4ss package

Repository currently contains
• 36,000 lines of R code
• 250,000 lines of other text 

files (mostly example SS 
input and output files for 
testing)

R code written by Ian 
Stewart for plotting 
Stock Synthesis 
output 

IATTC workshop,
r4ss released on 
Google Code

IATTC workshop,
first R package

Moved to GitHub,
automated help files  
with Roxygen

IATTC workshop,
added HTML view

Added automated 
testing via testthat
and Travis-CI

package updates on CRAN

Ian T. on leave
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Example use
# install package from CRAN

install.packages('r4ss')

# or install from github

remotes::install_github('r4ss/r4ss')

# read the model output 

replist <- SS_output(dir='c:/model/') 

# make a bunch of plots

SS_plots(replist)
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Adding diagnostic tables along with the plots

• Thanks to Christine Stawitz for adding HTML tables

• Allows color and other elements not available in Report text file
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Gallery: simple but necessary plots 
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Gallery: complex plots that are hopefully useful
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Navigating a sea of plots
• Initially plots were in the R GUI window (Windows only)
• PDF option added facilitated saving results, navigating among 

them, and other platforms
• HTML view facilitates browsing PNG image files 

• Inspired by MFCL Java viewer which Simon Hoyle showed me in 2011
• Image files with consistent names facilitates the use of RMarkdown or LaTeX

templates for reports

• Convenience of browsing among plots in browser raises limit 
on tolerable number of plots
• ~200 plots for U.S. west coast Big Skate assessment

(pretty basic model)
• ~750 plots for U.S. west coast Canary Rockfish assessment 

(complex model with 3 areas, lots of fleets, lots of data) 
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Comparing multiple models

# read models

mod1 <- SS_output(...)

mod2 <- SS_output(...)

mod3 <- SS_output(...)

# create summary of results

mod.sum <- SSsummarize(

list(mod1, mod2, mod3))

# plot comparisons

SSplotComparisons(mod.sum,...)
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Interaction of input files and output processing
Likelihood profile created by iteratively changing control file,
re-running the model, and plotting the aggregated results

# run profile

SS_profile(...)

# read all results

profilemodels <-

SSgetoutput(...)

# summarize results

profile.sum <-

SSsummarize(profilemodels)

# make plot

SSplotProfile(profile.sum,...)
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A few thoughts on writing assessment reports

• Automated tools to create figures from model output facilitate 
the use of templates for report writing
● Big Skate assessment report was written in R Markdown 

(thanks Melissa Monk, Chantel Wetzel, and Andi Stephens) 
github.com/iantaylor-NOAA/BigSkate_Doc/

● Takes ~10 minutes to update most of the 27 tables and 81 figures for new model

• Efficient report writing buys valuable time for model exploration

• Automated tools for report writing can reduce errors

https://github.com/iantaylor-NOAA/BigSkate_Doc/
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Photo: André Sampaio, https://commons.wikimedia.org/wiki/File:Pra%C3%A7a_Cant%C3%A3o.jpg
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https://commons.wikimedia.org/wiki/File:Transformer.jpg

Photo: User:Photogoddle https://commons.wikimedia.org/wiki/File:Transformer.jpg
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Challenges of the r4ss approach

• No proper design (the bazaar rather than the cathedral)

• Maintaining compatibility with many versions of SS 
(going back to 3.24 from 2012 because it’s still in use)

• Depends on busy people

• Most contributors lack formal training in software development

• Technical debt built up over many years is hard to pay back

• Easier to start over than try to implement large-scale changes 
(like switching to ggplot or adapting to a next generation model)
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Keys to successes of r4ss
• Widespread use of Stock Synthesis

• Large pool of users and potential contributors
• Greater time investment in development is justified

• The R language 
• Widely used among fisheries scientists
• Supportive community: 

reshamas.github.io/why-women-are-flourishing-in-r-community-
but-lagging-in-python

• Open source model
• Not the only way to explore Stock Synthesis output

(doesn’t have to work for everybody)

https://reshamas.github.io/why-women-are-flourishing-in-r-community-but-lagging-in-python/
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Benefits of open source for model output

• Visualizing model results is both art and science
• The right framework

makes it easy to include
contributions from many
people

• Much more powerful than 
what any individual or 
committee could think up
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Benefits of open source for model output

• Visualizing model results is both art and science
• The right framework

makes it easy to include
contributions from many
people

• Much more powerful than 
what any individual or 
committee could think up

“If I give it to Ian and a thousand people ignore it, then I feel 

like I could have made a difference.” -André Punt 



U.S. Department of Commerce | National Oceanic and Atmospheric Administration | National Marine Fisheries ServicePage 29

A few thoughts about 
diversity in the stock 
assessment community
• The stock assessment models we use were mostly 

developed by white men
• The next generation of stock assessment scientists 

has much higher representation of women
• The racial diversity of the assessment community 

remains much lower than the larger societies in 
which we work

• The next generation of stock assessment models will 
be stronger if they are developed with input from a 
more diverse community of scientists

• Strong evidence that diverse perspectives make 
science more powerful (e.g. AlShebli et al. 2018 
https://www.nature.com/articles/s41467-018-07634-8) Women make up 53% of past and 

present grad students and postdocs 
affiliated with the Punt Lab

https://www.nature.com/articles/s41467-018-07634-8
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Suggestions for processing the output from the 
next generation of stock assessment models
• Develop open source R packages

• Be inclusive & support contributions from a broad community
• Include people with experience developing and testing R packages

• Include people who are involved in the production assessments

• Provide a clear framework, but don’t be too rigid 

• Try to budget about ~1 day per week for the next 10 years for 
maintenance and improvements 

• Don’t try to make it perfect, make it easy to keep getting better
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