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ABSTRACT

Stock assessment software are complex and advanced technical skills are required to develop
the models. Producing output becomes time-intensive and even more complex as thousands of
simulations  must  be  run  on  supercomputers  in  order  to  include  the  multiple  sources  of
uncertainty  in  assessment  results.  As  few stock  assessment  participants  have  the  specific
technical skills required to reproduce these outputs, our aim has been to develop a Virtual
Research Environment (VRE) that enables any user to easily parameterize, execute and edit
online various steps of the stock assessment work flow using SS3 (a  widely-used statistical
catch-at-age  model),  with  standardized  data  outputs.  The  VRE  will  provide  various
collaborative  web  services,  including:  (i)  a  workspace  to  share  documents  or  data,  (ii)
webpages or an RStudio server to process data online, and (iii) an automated reporting service
to dynamically generate documents to package the results. Here, we will show a mock-up of
the VRE, using the last stock assessment of swordfish, provided by the IOTC, as an example.
Using an  R-shiny application,  we explain  the  procedure  of  inputting  new data,  changing
parameters,  and  quickly  and  automatically  viewing  the  results  of  these  changes  on  the
graphical  interface  as  well  as  through  the  automated  reporting  service.  A collaborative
environment such as the VRE uses simple tools to enable the storage and access of the data
and source codes necessary to replicate past results or to try new parameterizations of the
model.  Increasing  access  to  this  complex  model  will  bring  more  transparency  and
collaboration within working groups by providing “non-modelers” with a possibility to test
hypotheses for the stock assessment. This will also increase the number of users of various
levels of expertise: from experts, to managers, to even wider audiences with the potential
applications of these tools to serious games.
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INTRODUCTION

Several different types of stock assessment models are used to provide scientific advice to
managers about exploited populations. Stock Synthesis 3 (SS3) is a statistical catch-at-age
model  that  is  used  widely  (Methot  and Wetzel,  2013),  including  assessments  for  several
stocks under the management of the Indian Ocean Tuna Commission (IOTC). SS3 is flexible
in terms of data inputs and complexity, making it possible to run with data-poor stocks. It can
use a diverse array of fishery and survey data, including both age and size structure of the
population. 

SS3  is  based  on  ADMB  C++  software  that  maximizes  the  goodness-of-fit  of  a  set  of
parameter values, and then calculates the variance of these parameters using inverse Hessian
and MCMC methods. This software is complex and advanced technical skills are required to
develop the models.  As such, the developers of SS3 have provided a Graphical User Interface
(GUI)  to  aid  in  the  set  up  and parameterization  of  complex assessment  models  (Methot,
2017).  However, the production of  outputs  can still  be time-intensive  and complex when
thousands of simulations are  needed to include the multiple sources  of uncertainty in the
assessment  results.  Interactions  with  the  results  also  tend  to  necessitate  skilled  language
programming.

As few stock assessment participants have the specific technical skills required to reproduce
these outputs, our aim is execute the entire IOTC SS3 stock assessment work flow online,
using a Virtual Research Environment (VRE; Candela et al. 2013) on the H2020 BlueBridge
infrastructure (European Union grant agreement No 675680). In collaboration with the IOTC
and  the  FAO,  IRD  and  IFREMER  would  like  to  develop  this  VRE  to  facilitate  the
parameterization, parallelization, and execution of various steps  and the visualization of the
results  of SS3 to users with varying levels of expertise.  We follow a similar approach as
Imzilen et al. (2016), who developed a VRE based on Virtual Population Analysis of Atlantic
bluefin tuna (Thunnus thynnus) used in the stock assessment work flow of the International
Commission  for  the  Conservation  of  Atlantic  Tunas.  The  SS3  VRE will  provide  various
collaborative web services, including: (i) a workspace to share documents, codes or data, (ii)
webpages or an RStudio server to process data and codes online, (iii) visualisation services
with an interactive interface to select model runs, and (iv) automated reporting to dynamically
generate documents of results.

The first part of the work consists of testing the feasibility of reproducing past IOTC SS3
stock assessment models of tropical tunas and billfish (provided by the IOTC and related
consultants) on the BlueBridge infrastructure. We then repackage the SS3 codes so that they
can be parametrized, executed and edited online from a simple web page, with standardized
data outputs. A collaborative environment such as the VRE uses simple interfaces to facilitate
the storage and access of the data and source codes necessary to replicate past results or to
explore new parametrizations of the model. As the VRE is a work in progress, we will present
an  offline  R  Shiny  application  to  showcase  the  kind  of  automatic  outputs  that  can  be
visualized. We will present an example of an automatic report created from an automated SS3
run. We encourage suggestions from the group on the parameters that are tested and changed
most frequently during working groups, and the specific outputs that the group would like to
visualize to investigate the model. 
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METHODS 

SS3 model codes (Linux versions 3.24 and 3.3) were provided by the NOAA/SS3 team and
were  successfully  compiled  on  the  Linux-based  Rstudio  online  of  the  BlueBridge
infrastructure. A single run of the “simple” stock assessment model example (provided by the
SS3 team and accessed from NOAA's SS3 virtual laboratory) was executed in 2.5 minutes.
Currently,  SS3  is  available  to  researchers  with  an  NOAA VLab  account,  but  we  have
confirmed that it is acceptable to the developers and maintainers of SS3 that we make the
software available to users in the format of the VRE.

Scenarios of use

Additionally, we tested several previous stock assessment models, provided by the IOTC and
their  consultants,  including past assessments of swordfish  (SWO,  Xiphias gladius),  bigeye
tuna (BET; Thunnus obesus), and yellowfin tuna (YFT; Thunnus albacares). One run of each
of these models on a personal computer takes about 1.5 hours with the Hessian (uncertainty
calculations), or 20 minutes without the Hessian. On the Bluebridge infrastructure Rstudio
online, these models take about 4.3 hours (with Hessian) and 1.1 hours (without Hessian).
Models  are  commonly  run  without  the  Hessian  (pers.  comm.  Adam  Langley,  IOTC
consultant). Based on these run times, we  identified various scenarios of use, and calculated
the CPU resources they require (Table 1).

Table  1 :  Scenarios  of  expected  use  of  the  VRE  for  the  stock  assessment.  For  one
simulation of an IOTC example code on laptop: ~1.5 hours with uncertainty calculations, ~20
min  without  (complies  with  consultant’s  methodology).  For  one  simulation  of  an  IOTC
example on Rstudio online: 4.3 hours with uncertainty calculations, ~1.1 hours without.

Work flow

The four files that are required to define and run the SS3 model (Methot, 2013): starter.ss,
forecast.ss,  control.ctl,  and  data.dat  were  developed  into  R  functions:  writeStarter.R,
writeForecast.R, writeControl.R, and writeDat.R, respectively. These functions automatically
incorporate  inputs  from different  species  models.  We used the 'simple'  example,  and past
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stock assessment codes for SWO, BET, and YFT to test the functions. A wrapper function,
ss3.R,  reads  the  inputs  from a  .csv table,  within  which  input  data  tables  are  nested  (see
Appendix I for an example of the input files for SWO), and inserts these into the 'write'
functions. The model executable is then run on the four files that are produced. The ss3.R
function then calls the SS_output function of the r4ss R package (Taylor et al., 2011) to read
the outputs of the run. The results are given as list, which is then converted from the .Rdata
format to a standardized netcdf format. Netcdf is a widely-used format that allows data from
multiple runs to be archived to an open source Thredds data server, such that assessment
results can be accessed remotely and reproduced in the future. 

Based  on  expert  advice  (pers.  comm. Dan  Fu  and  Sylvain  Bonhommeau),  we  currently
restructure the output to include information necessary to create the Kobe stock status plot
(i.e., B.Bmsy, and F.Fmsy), time series of biomass in absolute numbers and relative to B0,
recruitment variations, catch per unit effort, catch-at-age, movement data, and information on
selectivity (see Appendix 2 for complete list of outputs). 

This work flow can be executed by running these functions in the R environment through the
BlueBridge Rstudio online infrastructure,  or from Web Forms to allow users to  focus  on
parameterization  of  the  runs  rather  than  interaction  with  the  programming  language.  The
single-run structure will be converted to a web processing service to enable individual users to
parameterize aspects of the model. This WPS version will be parallelized within the FAO
supercomputing resources,  allowing multiple iterations to be executed simultaneously, and
thus incorporating uncertainty. 

We will package and display the results of the SS3 runs using an Rshiny application within
the  VRE  with  output  visualizations  of  each  model  run to  select  the  best  models  for
retrospective  analysis,  and  then  projections. Final  results  will  be  integrated  into  an
automatically generated report of the stock assessment, using R Markdown. This automated
report will allow users to quickly update the stock assessment and incorporate the scientific
advice given during the meeting.

Online collaborative environment

The  BlueBridge  project  enables  an  online  collaborative  environment  by  providing  the
infrastructure necessary to parameterize, visualize, and access a work flow such as this. This
environment will be available to a list of members who can share documents, messages, data
and codes in both a public and private environment. An Rstudio server will be incorporated
into the enviroment that acts exactly as a desktop application, with a private workspace for
each member but that is configured to ensure that codes compile correctly. For users without
experience  in  R,  we will  package these  codes  through a  Web Processing  Service,  which
allows  the  codes  to  run  directly  from a  web  page  in  the  VRE,  and  users  can  focus  on
parameterization of the model instead of programming.

RESULTS AND DISCUSSION

At the WPB15, we will present examples of the work flow by executing a single run. We will
show examples of the R Shiny application output displays,  as well  as an example of the
generation of an automatic report.  The end goal of the SS3 VRE is to allow participants of
stock assessments to use the VRE interactively at working groups in order to explore input
parameters and results, to store and replicate past results, to give more transparency to the
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decision-making process, and to enhance collaboration within working groups. Improving the
ease of use of this  complex model will  bring more transparency and collaboration within
working groups by providing “non-modelers” with a possibility to test hypotheses and explore
uncertainty  for  stock  assessment.  Technical  performance,  document  production,  and
harmonization of content are expected to be enhanced due to this increased participation. We
hope to show the potential of this environment to foster collaboration and incorporation of
scientific advice within working groups. We particularly encourage feedback on these tools
and their application from the community of users to improve their utility in the future.
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APPENDICES

Appendix 1 : An example of the input table, using SWO's 2015 stock assessment inputs.
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Appendix 2: Outputs variables and their respective dimensions that are currently transformed
into netcdf from the .Rdata as generated by the SS_output function of the r4ss R package.
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