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g

The present document contains all the necessary information and guidelines to help understand the principles and
assumptions of the OSMOSE model, apply it to a specific case study and run simulations for addressing specific issues.
The OSMOSE model aims at exploring fish community dynamics and the ecosystem effects of fishing and climate
change. It is an Individual-based model (IBM) which focuses on fish species and their trophic interactions ([SCO1,
SCO04]).

The Osmose model assumes opportunistic predation based on spatial co-occurrence and size adequacy between a
predator and its prey (size-based opportunistic predation). It represents fish individuals grouped in schools, which
are characterized by their size, weight, age, taxonomy and geographical location (2D model), and which undergo
different processes of fish life cycle (growth, explicit predation, natural and starvation mortalities, reproduction and
migration) and a fishing mortality distinct for each species and structured by age/size, space and season. The model
needs basic biological parameters for growth and reproduction processes, that are often available for a wide range
of species, and which can be found in FishBase for instance. It also needs to be forced by spatial distribution maps
for each species, by age/size/stage and by season depending on data availability. In output, a variety of size-based
and species-based ecological indicators can be produced and compared to in situ data (surveys and catch data) at
different levels of aggregation: at the species level (e.g. mean size, mean size-at-age, maximum size, mean trophic
level, within-species distribution of TL), and at the community level (e.g. slope and intercept of size spectrum, Shannon
diversity index, mean TL of catch). The model can be fitted to observed biomass and catch data, using a dedicated
evolutionary algorithm. Recent developments have focused on the coupling of OSMOSE to various hydrodynamic and
biogeochemical models, allowing to build end-to-end models of marine ecosystems that explicit combined effects of
climate and fishing on fish dynamics.

CONTENTS: 1
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CHAPTER
ONE

GETTING STARTED

In this section, download and install instructions are provided.

1.1 Setup of the Osmose environment

1.1.1 Download Java

Since Osmose numerical JAVA core is coded in JAVA, Java need to be installed. Beforehand, let us clarify some of the
acronyms regarding the Java technologies.

JVM: Java Virtual Machine. It is a set of software programs that interprets the Java byte code.

JRE: Java Runtime Environment. Itis a kit distributed by Sun to execute Java programs. A JRE provides a JVM and some
basic Java libraries. A JRE is needed to run Osmose. It can be downloaded from https://www.java.com/fr/download/.

JDK or SDK: Java (or Software) Development Kit bound to the programmer. It provides a JRE, a compiler, useful
programs, examples and the source of the API (Application Programming Interface: some standard libraries). A JDK
is needed in order to modify the Osmose Java code.

1.1.2 Download R

The Osmose-Java core is embedded in an Osmose-R package, which allows to pre-process, run and post-process Os-
mose outputs. Therefore, it is strongly advised that R be installed. Download instructions are available for Windows,
Linux and Mac Os X.

It is also recommended to install the RStudio GUI (https://rstudio.com/).

1.1.3 Defining the Osmose target directory

Since Osmose version 3.3.4, Java executables and demo configuration files have been moved out of the R build to meet
CRAN requirements on size package. These files are now downloaded from the Internet and moved to a local directory.

By default, a temporary directory is used; but in this case, the Java code will be downloaded at each new session. To
define a directory where to put these downloads, the user need to edit or create a ~/.Renviron file and to define the
OSMOSE_DIR environment variable. More defined can be found on the Osmose-R CRAN page



https://www.java.com/fr/download/
https://cran.r-project.org/bin/windows/base/
https://cran.r-project.org/bin/linux/ubuntu/README.html
https://cran.r-project.org/bin/macosx/
https://rstudio.com/
https://cran.r-project.org/web/packages/osmose/vignettes/create_run_read.html
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1.2 Installing Osmose

The Osmose model is provided as a combination of a Java numerical core (referred to as Osmose-Java), associated
with an Osmose R package (referred to as Osmose-R). The code is stored in two GitHub directories, a public one
(https://github.com/osmose-model/osmose) and a private one (for developers only, https://github.com/osmose-model/
osmose-private). There are several ways to install the Osmose model.

1.2.1 CRAN

The Osmose version on the master branch of the public repository is consistent with the most recent version of the pack-
age that is submitted to the CRAN. To install this version, open a R session and type install.packages("osmose")

1.2.2 Manual install

In order to use the development version of the Osmose model, it must be installed manually

Install from source files

The first way is to clone or download the source code and to install the code manually. To clone the directory, type in
a Terminal:

To clone the Osmose repository:

# using HTTPS:
git clone https://github.com/osmose-model/osmose-private.git

# using SSH
git clone git@github.com:osmose-model/osmose-private.git

When a new version of the code is released, it can be updated as follows:

git pull

Note: When using the SSH, it is necessary to generate a RSA key that will connect the computer and the remote
repository (see Github Help for details)

When the code has been downloaded, it must be installed as follows:

R CMD INSTALL osmose

Warning: The code must be reinstalled after each upgrade

4 Chapter 1. Getting started
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Using devtools or RStudio

The Osmose package can also be by using the devtools R package or RStudio.

devtools

Open a R session and type the following lines:

library("devtools™)
install_github("osmose-model/osmose™)

RStudio

To install Osmose using RStudio, click on the File —> New Project menu and open the Version Control —> Git menu.
Set the package URL (https://github.com/osmose-model/osmose-private.git). When the project is opened, click on the
Build & Reload button to install the package.

1.3 Installing NetCDF library (Osmose >= 4.3)

Since Osmose 4.3.0, the Java library that manages input/outputs of NetCDF files requires the external NetCDF C library.

1.3.1 Mac Os X

To install the library on a Mac Os system, open a Terminal and type:

sudo port install netcdf4

1.3.2 Linux

To install the library on a Linux system, open a Terminal and type:

sudo apt-get install netcdf4

1.3.3 Windows

To install the library on a Windows system, download the pre-built libraries in Unidata website

1.4 Code architecture

1.4.1 Osmose <=4.2.0

For Osmose <= 4.2.0, the directory contains the following folders, related to the R package
* The inst/java contains the Osmose Java core, provided as . jar.

* The java directory contains the Osmose Java source files associated with the . jar files.

1.3. Installing NetCDF library (Osmose >= 4.3) 5



https://github.com/osmose-model/osmose
https://www.unidata.ucar.edu/software/netcdf/docs/winbin.html
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* The R folder contains the R functions (pre/post processing tools, call to the JAVA core, etc.)
* The data-raw directory contains input files that can be used to run the model for the first time.

* The man and vignettes directories contain help files.

1.4.2 Osmose >=4.3.0

For Osmose >= 4.3.0, the directory also contains the Java source files and compilation tools of the Osmose-Java core:
* The src directory contains the Java source files of the current Osmose version.
* The .xml files are Maven compilation files.

* The local directory contains external Java libraries needed by Osmose

1.5 Installation of the calibration library

The parameters of the Osmose model must be calibrated for each configuration. This is achieved by using the calibrar
library.

The library is stored in GitHub (https://github.com/roliveros-ramos/calibrar.git) and can be installed following the same
methods as described in Section 1.2, after changing the URL address.

1.6 (Optional) Compiling Osmose-Java

The compilation of Osmose-Java is not necessary to run Osmose, since Java excutables are provided in the
package. However, if the user wants to edit and recompile the Osmose-Java core, instructions are provided below.

1.6.1 Netbeans (Osmose <= 4.2.0)

Up to version 4.2.2, the only way to compile the Osmose Java core is by using the integrated development environment
(IDE) Netbeans (https://netbeans.org/downloads/)

Note: It is highly advised to install together the JDK and the Netbeans bundle: https://www.oracle.com/technetwork/
java/javase/downloads/jdk-netbeans-jsp-3413139-esa.html

The modification of the Java code is done as follows:
* Unzip one of the .zip file of the osmose/java directory
* Open Netbeans
¢ Click on Open a project
* Select the folder that has been extracted (should have a coffee cup icon)
« Edit the code
¢ Clean and build the project by pressing Maj + F11

This new . jar file can be used in the run_osmose function of the Osmose R package.

6 Chapter 1. Getting started
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1.6.2 Maven (Osmose >=4.3.0)
From version 4.3.0, the code can be compiled independently of the Netbeans IDE by using the Apache Maven software
project management and comprehension tool (https://maven.apache.org/index.html). When Maven is installed:
 Unzip one of the .zip file of the osmose/java directory
» Navigate to the directory via the Terminal (Linux/Mac) or Cmd (Windows) panel.
e Typemvn install

The sources will be built in the farget directory.

Note: Maven projects can also be built with Netbeans, Eclipse or Visual Studio

1.7 Running the test configuration

To run the test configuration, launch R and type the following:

rm(list=1s(Q))
getwd ()

library(osmose)

demo = osmose_demo(path = "./", config="eec_4.3.0")
print(demo$config_file)

# run the osmose java core
run_osmose(demo$config_file, parameters="-force")

# read the osmose outputs
data = read_osmose(demo$output_dir)

# plot the outputs
png(file="astart/_static/osmose_ref_conf.png")
plot(data)

You should obtain the following figure:

1.7. Running the test configuration 7
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Fig. 1.1: Outputs of the reference configuration
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CHAPTER
TWO

OSMOSE MODEL

In this section, a detailed description of the Osmose model is provided.

2.1 Format and organization of the input files

2.1.1 Configuration files

An Osmose configuration file is a text based file. The name of the file does not matter, but we recommend that you
avoid any special characters and space in the name of the file as it might generate 1O errors when you’ll be running
Osmose from the command line or calibrating the model in a UNIX environment. The extension of the file does not
matter either.

We call the main configuration file the file that is either listed in Osmose filePath.txt or given as a command line
argument. The main configuration file can contain comments, blank lines and parameters. Here is how the Osmose
configuration manager proceeds when it opens the main configuration file. It scans every line of the file looking for
parameters. Some lines are automatically discarded:

* empty lines (regardless of blank or tab characters).

* lines that start with a punctuation character, one of !"#$%&' QO *+,-./:;<=>7?@[]*_" |~
For comments, it is recommended to start the line with # or //
A parameter is formed by the juxtaposition of three elements: key, separator and value.

The key can be any sequence of characters, without blank or any special characters (dot, hyphen and underscore are
accepted). Example of keys:

simulation.ncpu
predation.ingestion.rate.max.sp6

Osmose makes no difference between upper and lower case: simulation.ncpu, simulation.Ncpu, Simulation.nCPU,
SIMULATION.NCPU designate the same key.

Keys starting with osmose.configuration.* (the star * being any sequence of characters that follow the same rules than
any other key) has a special meaning to the configuration manager. It means the value of this parameter is the path of an
other Osmose configuration file and the parameters in this file are to be loaded in the current configuration. That way,
instead of having one big configuration file with all the parameters, it is possible to split the parameters in as many files as
the user wishes. This process works recursively: one file contains one or several parameters osmose.configuration. * that
point to configuration files that may contains one or several parameters osmose.configuration.*, and so on. OSMOSE
handles the sub-configuration file exactly the same way as it handles the main configuration file (same convention for
comments, special characters and naming of). As mentioned previously, the main configuration file designates the
file that is listed in filePath.txt or given to Osmose as an input argument.
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The separator can be any of the following characters:
* equals =
e semicolon ;
e comma ,
* colon :
* tab \t

Parameters in the same configuration file can have different separators (though it is advisable to be consistent and use
the same one). The configuration manager finds out what is the separator for each parameter. The value can be any
sequence of characters (even empty). The configuration manager does not try to interpret the value when it loads the
configuration files, it merely stores it in a String object. A value can be served by the configuration manager as:

* astring

* an integer

* afloat

* adouble

* aboolean

* an array of strings, String[]

* an array of integers, int[]

* an array of floats, float[]

* an array of doubles, double[]
* aresolved path

An array of values is a sequence of values with a separator in between: valuel separator value2 separator value3
separator value4. Accepted separators for an array of values are the same characters listed above. The separator for
an array of values can either be the same or distinct from the separator between the key and the value. The following
examples are valid entries:

movement .map®.season;0;1;2;3;4;5
movement .map®.season=0;1;2;3;4;5
movement .map®.season = 0, 1, 2, 3, 4, 5
movement.map®.season : 0 ; 1 ; 2;3;4;5

and are equivalent for the configuration manager. It can be summarize as:

key separatorl valuel separator2 value2 separator2 value3 separator2 value4

with separatorl either equal or different from separator2.

10 Chapter 2. Osmose model
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2.1.2 CSV input file separator

Many Osmose parameters are paths to CSV file, for instance: .. code-block:: bash
movement.map(0.file mortality.fishing.rate.byDt.byAge.file.sp# reproduction.season.file.sp#

In Osmose 3 and Osmose 3 Update 1 these CSV input files had to be semicolon separated. Since Osmose 3 Update 2,
CSV input file separators can be any of the following characters:

* equals =

¢ semicolon ;
e comma ,

e colon :

e tab \t

Osmose will detect the separator automatically and independently for every CSV file. It means that one CSV input file
may be comma separated and an other one may be tab-separated, this is perfectly fine since Osmose 3 Update 2.

2.1.3 Decimal separator

Osmose is quite flexible in terms of separators for the configuration files (automatically detected among =, ; : t),
the CSV output files (user-defined by parameter output.csv.separator) and the CSV input files (automatically detected
among =, ; : t ). On the contrary it restricts the decimal separator to dot, and only dot.

Example given: 3.14159265 or 1.618

Any other decimal separator (COMMA for instance as in French locale) will be misunderstood and will unmistakably
lead to errors. One must be careful when editing CSV input files (either parameters or time series) with tools such as
spreadsheets that may automatically replace decimal separator depending on the locale settings. Future Osmose release
might allow the use of specific locale but for now remember that DOT is the only accepted decimal separator.

2.2 State variables and scales

The basic units of OSMOSE are fish schools, which are composed of individuals that belong to the same species,
and that have the same age, size (length, weight), food requirements and, at a given time step, the same geographical
coordinates. From the school states (hereafter called individual states), biomass and abundance can be tracked at the
population or community levels along with the size, age, and spatial dimensions (Table 2.2).

Other variables can be reported such as the trophic level, the diets, the different sources of mortality, the catches from
fishing operations. Because each school simulated in OSMOSE is represented from the egg stage to the terminal
age, which necessitates high calculation and memory capacities, and because comprehensive information on entire life
cycles needs to be parameterized, the selection of focus species is made parsimoniously, and usually between 10 and
20 high-trophic level species or functional groups are explicitly considered in OSMOSE applications.

The model operates on a weekly to monthly time step, and runs up to 100 years or more depending on applications and
simulations.

For eggs (age 0), weight and sizes are provided as parameters. For the others, conversion from size to weight (and
conversely) is obtained by using allometric relationships:

W =cxLb
1
W ®

C

2.2. State variables and scales 11
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where the c parameter is a ‘condition.factor’, and b the ‘allometric.power’.

Biomass to abundance conversion for a school is made by using the mean weight of the school:

B=NxW
B

N =—
W

Table 2.1: Allometric parameters

species.length2weight.condition.factor.sp# | Allometric factor (c)

species.length2weight.allometric.power.sp# | Allometric power (b)

species.egg.size.sp# Egg size (cm)

species.egg.weight.sp# Egg weight (g)

Table 2.2: List of state variables

Individual ~ State | Description Auxiliary state

variables variables / indica-
tors

abundance Number of fish (N) in the school at the beginning of the time step

biomass Biomass (B) of the school at the beginning of the time step (tons)

age Age of the fish (year) species N or B per
age class

length Size of the fish (cm) fish N or B per
size class (size
spectrum), mean
size of fish, large
fish indicator

weight Weight of the fish (g)

trophicLevel Trophic level (TL) of the fish fish N or B per TL
(trophic spectrum),
TL of species, TL of
catches

nDead[] Number of dead fish in the current time step for each mortality cause | Catches per species,

(predation, fishing, natural mortality, starvation) size class, age class

predSuccessRate Ingested biomass at current time step/maximum ingestion rate

preyedBiomass Biomass of prey ingested by the school at current time step (tons) fish diets per
species, per size
class, per age class

lat, lon location of the fish school in latitude and longitude coordinates

12 Chapter 2. Osmose model
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2.3 Grid

The grid defines the geographical extent of the simulated domain and the spatial discretization.

2.3.1 Osmose <=4.1.0

In Osmose versions prior to 4.1.0, there were several ways to define the Osmose grid, depending on the input format
of resource variables. This was controlled by using the grid. java.classname parameter.

fr.ird.osmose.grid.NcGrid.java

The easiest way to define an Osmose grid is via a NetCDF file, containing the geographical coordinates and a land/sea
mask. It is parameterized as follows:

Table 2.3: Parameters for the NcGrid. java class

grid.netcdf.file | Name of the NetCDF file
grid.var.lat Name of the latitude variable
grid.var.lon Name of the longitude variable
grid.var.mask | Name of the mask variable

Points are considered as masked when the mask values is less equal than 0.

fr.ird.osmose.grid.ECO3MGrid.java

The ECO3MGrid. java class is very similar to NcGrid. java, excepts it has an additional parameter:

Table 2.4: Parameters for the ECO3MGrid. java class
| gridstride | Number of aggregation points |

This parameter defines the number of input cells that will be aggregated together to make one osmose cell. For instance,
a value of 4 implies that 16 cells of Eco3M grid will be used to make one cell of the Osmose model.

Note that the input values are expected to be double.
fr.ird.osmose.grid.BFMGrid.java

It is the same as ECO3MGrid.java, except that the input values of longitude, latitude and mask are expected to be
float.

fr.ird.osmose.grid.OriginalGrid

Historically OSMOSE allows to define a regular grid, given a few parameters. Even though it is preferable to use the
NetCDF grid definition, here is how a regular grid can be defined:

2.3. Grid 13
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Table 2.5: Parameters for the ECO3MGrid. java class

grid.ncolumn Number of longitudes

grid.nline Number of latitudes
grid.lowright.lat | Lower right latitude
grid.lowright.lon | Lower right longitude
grid.upleft.lat Upper left latitude

grid.upleft.lon Upper right latitude

grid.mask.file CSV containing the land-sea mask

The mask file is a CSV with ncolumn and nline.

is an example of a CSV mask file for a 4x4 grid:

Land takes the value -99, and ocean cell are defined by a 0. Here

Note: The grid.ncolumn and grid.nline have been renamed to grid.nlon and grid.nlat in version 3.3.3

Table 2.6: Example of a 4x4 grid file

0(0]0 0

0(0]0 -99
010]-99 | -9
010]-9 | -9

2.3.2 Osmose >=4.2.0

From Osmose 4.2.0, only the NcGrid. java class has been kept.

versions

Danger: Therefore, old configurations will need pre-processing in order to run with the most recent Osmose

2.3.3 Osmose >=4.3.0

In Osmose >= 4.3, NaN will be considered as land points. Therefore, resource files with filled values over land can be

used as a mask file.

Furthermore, an additional optional parameter has been added, grid. var. surf, which provides the name of the cell
surface variable (which must be defined in m?). I not provided, cell surfaces will be reconstructed from longitude and

latitude coordinates.

2.4 Biotic ressources

Biotic resources such as phytoplankton and zooplankton are not explicitly modelled in Osmose but are essential to take
into account are they constitute the base of the trophic chain. They are considered as an input of the model, spatially

explicit and varying with time.

In this section, the way LTL biotic resources are defined is described

14
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2.4.1 Osmose <=4.2.0

In the Osmose versions prior to 4.2.0, the biotic resources were defined as follows:

Table 2.7: List of parameters to define biotic resources (<= 4.2.0)

plankton.name.plk# Name of the plankton group.

plankton. TL.plk# Trophic level of the plankton group.

plankton.size.min.plk# Minimum size of the organisms in the plankton group (centimeters).
plankton.size.max.plk# Maximun size of the organisms in the plankton group (centimeters).

plank- Fraction of the plankton biomass that is accessible to the fish, ranging from zero
ton.accessibility2fish.plk# to one.

The plankton.accessibility2fish.plk# parameter accounts for many biological processes that are not explicitly
represented in Osmose and basically says that only a small fraction of the plankton in the water column is effectively
available to the fish for preying upon. Plankton accessibility is generally completely unknown and, just like larval
mortality, it should be estimated in the calibration process.

2.4.2 Osmose >=4.3.0

Since Osmose 4.3.0, plankton groups are defined using the same parameters, except that they have different names.

Table 2.8: List of parameters to define biotic resources (>= 4.3.0)

species.name.sp# Name of the plankton group.

species. TL.sp# Trophic level of the plankton group.

species.size.min.sp# Minimum size of the organisms in the plankton group (centimeters).

species.size.max.sp# Maximum size of the organisms in the plankton group (centimeters).

species.accessibility2fish.sp#| Fraction of the plankton biomass that is accessible to the fish, ranging from zero to
one.

species.type.sp# Type of the species. Must be resource for biotic resources

An additional argument, species.type.sp#, must be defined and set to resource for biotic resources.

2.5 Background species

Background species have first been introduced in Osmose by [FOT+17]. They can be viewed as an intermediary
between focal species (i.e. species of interest, whose full life cycle is simulated) and lower trophic levels (plankton for
instance). They differ from lower trophic levels since they can feed on focal species and be targeted by fisheries (since
version 4.3)

They are available on Osmose since version 4.1.0, although their parameterization has changed in version 4.3.0.

2.5. Background species 15
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2.5.1 Osmose <=4.1.0

Background parameters in Osmose version 4.1.0 are paremeterized as follows:

Table 2.9: Parameters for background species.

biomass.byDt.bySize.file.bkg# CSV file containg the background species biomass by size class and by
time step.

species.trophiclevel.bkg# Array of trophic level (one for each size class)

species.name.bkg# Name of the background species

species.length2weight.allometric.power.bkgllometric factor for weight to length conversion
species.length2weight.condition.factor.bkg#llometrioc power for weight to length conversion
predation.accessibility.stage.threshold.bkg#l hreshold for accessibility matrix
predation.efficiency.critical.bkg# Critical predation success (Cs,)
predation.ingestion.rate.max.bkg# I a0 (grams of food per gram of fish and per year)
predation.predPrey.stage.threshold.bkg# | Age or size thresholds for predation/prey size ratios
predation.predPrey.sizeRatio.max.bkg# | Array of R, values
predation.predPrey.sizeRatio.min.bkg# | Array of R,,;, values

The biomass provided in the CSV file will then be distributed over the domain using distribution maps (similar to the
ones defined for focal species).

Table 2.10: Parameters for background species.

movement.bkgspecies.species.map# Name of the background species to which the map is associated.
movement.bkgspecies.class.map# Size class for which the map is associated.
movement.bkgspecies.season.map# Time steps during which the map will be used

movement.bkgspecies.year.min.map# | Initial year when the map will be used
movement.bkgspecies.year.max.map# | Final year when the map will be used

Warning: For background species, the size classes are fixed!

Accessibility matrix

When using background species, the accessibility matrix must be changed accordingly. It must always have the follow-
ing form:

Focal (pred) | Background (pred)

Focal (prey)
Background (prey)
LTL (prey)
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Background biomass

Background species biomass is defined from a biomass time series (one per species and per size class) and by distribu-
tion maps. The distribution maps contain defines the distribution of the background species over space. They contain
float values, which are normalize, so that the integral over space equals one:

Neeni—1

Z D=1
k=0

Before each time step, the background species biomass is reset by multiplying the biomass time series by the map
distribution factor. Because of the normalisation, the spatially integrated biomass is equal to the biomass provided in
the time-series.

2.5.2 Osmose >=4.3.0

In Osmose version >= 4.3, background species are parameterized as follows:

Table 2.11: Parameters for background species (>= 4.3.0)

Species parameters
species.name.sp# Name of the background species

species.type.sp# Type of the background species. Must be background
species.length2weight.allometric.power.spllometric factor for weight to length conversion
species.length2weight.condition.factor.sp#Allometrioc power for weight to length conversion
predation.efficiency.critical.sp# Critical predation success (C'gy,)
predation.ingestion.rate.max.sp# Lnay (grams of food per gram of fish and per year)
predation.predPrey.stage.threshold.sp# | Age or size thresholds for predation/prey size ratios
predation.predPrey.sizeRatio.max.sp# | Array of R4, values
predation.predPrey.sizeRatio.min.sp# Array of R, values

Resource forcing parameters

species.biomass.total.sp# Total biomass for the given ressource (will be distributed over the whole
domain)

species.file.sp# Regular expression defining the input files. Can be a file name.

species.file.caching.sp# Resource caching method. Must be none, incremental or all (de-
fault).

Background species parameters

species.nclass.sp# Number of size classes.

species.trophiclevel.sp# Array of trophic level (one value for each size class)
species.age.sp# Array of school ages (one value per each size class)
species.length.sp# Array of school lengths (one value for each size class)
species.size.proportion.sp# Array of size proportion (one value for each size class)

The spatio-temporal distribution of background is now defined from a NetCDF file (see Section 2.6).

The distribution among size is now controlled by the species.nclass.sp# and species.size.proportion. sp#
parameters.

Warning: At this time, the distribution among the size classes is constant over the entire simulation.
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2.6 Resource forcing

2.6.1 Osmose <=4.0.0

In Osmose versions <= 4.0.0, there were several ways to read the resource forcing files, depending on the value of the
1tl.java.classname parameter.

ECO3M

If the class name is set equal to fr.ird.osmose.ltl.LTLForcingECO3M or fr.ird.osmose.ltl.
LTLFastForcingECO3M, data values were read as follows.

Table 2.12: Eco3M resource parameters

Itl.nstep Number of total time steps in the LTL files
plankton.conversion2tons.plk# | Conversion factor in tons

1tl.netcdf.var.plankton.plk# Names of the Netcdf resource names

Itl.netcdf file.t# Names of the NetCDF files to read.

Itl.netcdf.var.zlevel Name of the 3D depth variable

grid.stride# Number of input cells that will be aggregated in an Osmose cell.
Itl.integration.depth Maximum depth where to perform vertical integration

BFM

If the class name is set equal to fr.ird.osmose.ltl.LTLForcingBFM or fr.ird.osmose.ltl.
LTLFastForcingBFM, data values were read as follows.

Table 2.13: BFM resource parameters

1tl.nstep Number of time steps within a file.

plankton.conversion2tons.plk# | Conversion factor in tons

1tl.netcdf.var.plankton.plk# Names of the Netcdf resource names

Itl.netcdf file.t# Names of the NetCDF files to read.

1tl.netcdf.dim.ntime Number of time steps within a file

grid.netcdf file Name of the bathymetry file

Itl.netcdf.var.zlevel Name of the 1D depth variable

Itl.netcdf.var.bathy Name of the bathymetry variable

Itl.integration.depth Maximum depth where to perform vertical integration
ROMS/PISCES

If the class name is set equal to fr.ird.osmose.ltl.LTLForcingRomsPisces or fr.ird.osmose.ltl.
LTLFastForcingRomsPisces, data values were read as follows.
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Table 2.14: ROMS/PISCES resource parameters

Itl.nstep

Number of time steps within a file.

plankton.conversion2tons.plk#

Conversion factor in tons

Itl.netcdf.var.plankton.plk#

Names of the Netcdf resource names

Itl.netcdf file.t#

Names of the NetCDF files to read.

Itl.netcdf.grid.file

Name of the grid file

Itl.netcdf.var.lon

Name of the longitude variable

Itl.netcdf.var.lat

Name of the latitude variable

Itl.netcdf.var.bathy

Name of the bathymetry variable

Itl.netcdf.var.csr

Name of the CSR variable

Itl.netcdf.var.hc

Name of the Hc variable

Itl.integration.depth

Maximum depth where to perform vertical integration

Fast forcing

In the above configurations, Osmose processes the file to convert them into the right format. However, there is also the
possibility to use a file already in the right format using the fr.ird.osmose.1ltl.LTLFastForcing class.

Table 2.15: Fast forcing resource parameters

Itl.nstep

Itl.netcdf file
plankton.biomass.total.plk#
plankton.multiplier.plk#

Number of time steps within a file.

Name of the resource NetCDF file

Total biomass within the domain. If not found, reads value from NetCDF
Multiplier of input biomass (default 1, used to run sensitivity experiments).

The netcdf file must contain a 4d variable ltl_biomass, whose dimensions are (time, 1tl, lat, lon)

Danger:
parameters.

The order along the 1t1 dimension must be consistent with the order of definition of the plankton

Danger: With the fast forcing, the plankton.conversion2tons.plk# parameter is not used since data
must be provided in tons!

2.6.2 Osmose 4.1.0-4.2.0

In versions 4.1.0 and 4.2.0, only the FastForcing method has been kept. However, it has been slightly improved. Now
the model can take one NetCDF file per resource variable, and the variable in the NetCDF must match the plankton.
name . plk# parameter. In this way, there is no more dependency on the order.

Table 2.16: Fast forcing resource parameters

plankton.biomass.total.plk#
Itl.nstep

Itl.netcdf file.plk#
plankton.multiplier.plk#

Total biomass within the domain. If not found, reads value from NetCDF
Number of time steps within a file.

Name of the resource NetCDF file (one for each resource)

Multiplier of input biomass (default 1, used to run sensitivity experiments).
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Danger: Resource species for which plankton.biomass.total.plk# is used should be defined last, i.e. their
index # should be greater than those of the other species.

Danger: The resource files must be provided in tons! **The plankton.conversion2tons.plk# parameter
is not used.

2.6.3 Osmose >=4.3.0

In the 4.3.0 version, the resource forcing remains similar to versions 4.1-4.2, with some changes in parameters.

Table 2.17: Fast forcing resource parameters

species.biomass.total.sp# | Total biomass for the given ressource (will be distributed over the whole domain)
species.file.sp# Regular expression defining the input files. Can be a file name.
species.file.caching.sp# Resource caching method. Must be none, incremental or all (default).

If the species.biomass.total. sp# is not found, then the value will be read from the NetCDF file.

The species. file. sp# parameter can now take as an input regular expressions, which will allow to loop over all the
files. The regular expressions must be defined in Java mode (see for instance XXX).

The species.file.caching. sp# defines how the input data will be read:

* Inall mode, all the dataset is read at the first time step and stored into memory. Should be used for climatological
forcings for instance.

e In incremental mode, each time a new time-step is read from file, it is stored in memory. Previous time-steps
are kept in memory.

* In none mode, the data is read from file at each time-step. This mode is costly in term of runtime but light in
memory since only one time-step is stored.

Note: In version 4.3.0, the resource forcing parameter also applies to background species.

2.7 Osmose time-stepping

Processes called in one Osmose time-step are show in Fig. 2.1.

A detailed description of the processes and their associated parameters is given below.
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Fig. 2.1: Processes called during one Osmose time-step.
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2.7.1 Input flux of biomass

Some species might not do the full life cycle within the simulated domain (reproduce outside the domain for example).
For such species, one way to take them into account is to include a flux of schools with user-defined age or length
at specific time of the year. This is done by setting either the flux.incoming.byDt.byAge.file.sp# or flux.
incoming.byDt.bySize.file. sp# parameters, which are the paths of the CSV files containing the input flux

Table 2.18: Example of input flux by time-step and by age class

Time step/Age | 0 | 2 3 4
0 0 | 500 | 800 | O
1 0 | 500 | 800 | O
2 0 | 400 | 700 | O
3 0 | 400 | 700 | O

The age classes (year) are automatically scanned by Osmose. In this case there are 4 classes: [0 2[, [2 3[, [3 4[
and [4 lifespan[. Osmose will sets the incoming age at the middle of the interval: 1 year, 2.5 year, 3.5 year, etc.
The value of the time step does not matter, Osmose assumes there is one line per time step. The number of time steps
in the CSV file must be a multiple of the number of time steps per year. If the time series is shorter than the duration of
the simulation, Osmose will loop over it. If the time series is longer than the duration of the simulation, Osmose will
ignore the exceeding steps.

In the above example, for the first time step, Osmose will input 500 tonnes of 2.5 year old school and 800 tonnes of 3.5
year school. The incoming biomass should be calibrated. Size classes are handled the same way than age classes.

The simulation.nschool. sp# parameter takes a slightly different meaning for the incoming flux process. It still
controls the number of schools created during the reproduction process (which may occur independently of the incom-
ing flux process, depending on your configuration parameters) but it also controls the number of schools created for
each age/size class and time step. The meanings are close enough so as not to worry about the value of this parameter
and its order of magnitude depending on whether it controls reproduction, incoming flux or both.

2.7.2 School initialisation

The school initialisation process allows to reset some variables at the beginning of the time steps. For instant, the
number of dead individuals, the total ingestion of the school, etc.

2.7.3 Resource update

The resource update consists in updating the resource forcings by reading the proper time-steps in the input NetCDF
files. This updates is done for both resource and background species.

2.7.4 Spatial distribution
At each time-step, the spatial distribution of fished is randomly changed based either based on distribution maps or
based on random walk processes.

The displacement mode is defined through the movement.distribution.method.sp#, whose values are either
random or maps.
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Random distribution

For random distribution, two parameters need to be defined:

Table 2.19: Random distribution parameters

movement.distribution.ncell.sp# Number of cells in which the species is allowed to move
movement.randomwalk.range.sp# | Number of adjacent cells a species can use during random walk (foraging)

At the beginning of the simulation, one cell is first randomly picked up in the whole domain, and ncell are selected
around it.

At each time-step, schools are moved following a random walk method within this domain, with the range defined in
parameter.

Map definition

Another way to define species distribution is to use distribution maps, which can generally be obtained from niche
modelling.

A single map is defined as follows:

Table 2.20: Random distribution parameters

move- Number of adjacent cells a species can use during random walk (foraging)

ment.randomwalk.range.sp#

movement.map#.file Name of the CSV file that contains the distribution map

movement.map#.species Name of the species associated with the map.

movement.map#.age.min Minimum age (in years) when to use the map.

movement.map#.age.max Maximum age (in years) when to use the map.

movement.map#.year.min Minimum simulation time (in years) when to use the map.

movement.map#.year.max Maximum simulation time (in years) when to use the map.

movement.map#.years Array of years during when to use the map. (instead of setting initial and final
year)

movement.map#.season Array of time-steps during when to use the map

One map is associated to a unique species for a given age span, year span and season. The full spatial distribution of
a species can be represented using as many maps as necessary to cover different age spans and/or year spans and/or
seasons. Let’s now have a look at each parameter in detail.

Note that the CSV file has the same number of lines and columns as the OSMOSE grid. The distribution area can
be defined using either a presence/absence map (1 for presence, 0 for absence) or a map of probability of presence
(containing values ranging from 0 to values <1).

The same CSV file can be used to define different maps.

If the file path is set to null it means that the schools concerned by this map are out of the simulated domain (e.g.,
migrating species). .. See the parameter mortality.out.rate.sp for mortality rate of species momentarily out of the
simulated area. When a school comes back to the simulated area, it will be randomly located on a new map (the one
corresponding to the species and age class of the school at the current time step of the simulation).

Several maps can be defined for representing the spatial distribution of a single species. For example:

#Map 0
movement .map0®.species = euphausiids
movement .map®.file = maps/mymap_euphaul.csv

(continues on next page)
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(continued from previous page)

movement .map®.age.min 0

movement .map®.age.max = 0.2

movement .map®.year.min = 0

movement .map®.year.max = 40

movement .map®.season = 0;1;2;3;4;5;6;7;8;9;10;11;12;13;14;15;16;17;18;19;20;21;22;23

#Map 1

movement .mapl.species = euphausiids
movement .mapl.file = maps/mymap_euphau?2.csv
movement .mapl.age.min = 0.2
movement.mapl.age.max = 1

movement .mapl.year.min 0
movement.mapl.year.max = 40
movement.mapl.season = 0;1;2;3;4;5;6;7;8;9

#Map 2

movement .map2.species = euphausiids

movement .map2.file = maps/mymap_euphau3.csv

movement .map2.age.min = 0.2

movement .map2.age.max = 1

movement .map2.year.min = 0

movement .map2.year.max = 40

movement .map2.season = 10;11;12;13;14;15;16;17;18;19;20;21;22;23

By increasing the number of maps, the description of the spatial distribution can be as detailed and refined as you want,
as long as you have such information. It will allow for instance to create some maps for eggs (an egg in Osmose is a
new school of age zero that is created during the reproduction process), some maps for the juveniles and some maps
for the adults, as many as necessary to describe ontogenetic migrations.

From one time step to an other, the movement manager checks whether a given school remains in the same map or
should “jump” to an other map (e.g. eggs map to juvenile map or adults in summer to adults in winter). In the latter
case (change of map), the schools are relocated randomly in the new map. In the former case (same map), the movement
manager mimics foraging movement with a random-walk that moves schools to immediately adjacent cells within their
distribution area.

2.7.5 Growth

Individuals of a given school are assumed to grow in size and weight at a given time only when the amount of food
they ingested fulfill maintenance requirements, i.e., only when their predation efficiency at that time is greater than the
predation efficiency ensuring body maintenance of school.

Sr(s,a) — Cs,(s)
1-— CSR(S)
G(s,a) =0if Sg(s,a) < Cg,

G(s,a) = Ma(s,a) x

if Sr(s,a) = Csy

with Cg,, is the critical predation efficiency and Sr the predation success rate of the school.
Mna(s,a) = A x AL(a) is the maximum growth rate at age a and for species s.

AL(a) = L(a+1)—L(a) is the mean length increase determined from a growth function (Von Bertalanffy or Gompertz
growth function), while ) is a factor that allows to control the maximum length at a given age.
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Table 2.21: Growth parameters

growth.java.classname.sp# Class name of the age to length conversion
predation.efficiency.critical.sp# | Critical predation success (Cs,,)
species.delta.lmax.factor.sp# A (default = 2)

Von Bertalanffy growth

When the growth. java.classname. sp# is equal to fr.ird.osmose.process.growth.
VonBertalanffyGrowth. java, a von Bertalanffy growth function is used. It is the defaut one.

L(a) = Leggif a =0

L(a) = Legg =+ (Lthres - Legg) X ( ) ifa>0 & a < aipres

Qthres

L(a) = L X (1 - expr(ageft“)> else
with
Lipres = min [Legg, Lo, X (1 — eXp_K(“‘h"‘“_tO)”

A Von Bertalanffy model is used to calculate mean length increase above a threshold age a5 determined for each
HTL group from the literature. Below a5, a simple linear model is used. The rationale behind this is that Von
Bertalanffy parameters are usually estimated from data excluding youngs of the year or including only very few of them.
Assuming a linear growth between age 0 and a4y,,.s ensures a more realistic calculation of mean length increases for
early ages of HTL groups ([TSJ+09]).

Table 2.22: Von Bertalanfty parameters

species.linf.sp# Liny (cm)

species.k.sp# K

species.tO.sp# to
species.vonbertalanffy.threshold.age.sp# | ainres (years, default=1 year)

Gompertz growth

When the growth. java.classname. sp#is equal to fr.ird.osmose.process.growth.GompertzGrowth. java,
a Gompertz growth function is used.

L(CL) = Legg ifa =0
L(a’) = Lstart X epre,Xa 'Lf a > O &Za < aezp

a—a .
L(a) = Legp + (Lgom — Leap) —————2— if @ > egp & a < agom
agom - aemp

L(a) = Lins X exp_empiKg(aitg) el
with

Kexa
Lexp = Lstart X exrp e

eap—a(agom—tg)

Lgom. = LGj X erp
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Fig. 2.2: Von Bertalanffy growth curve
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Fig. 2.3: Gompertz growth curve
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Table 2.23: Gompertz parameters

growth.exponential.lstart.sp# Lgiort (cm)
growth.exponential ke.sp# K,
growth.gompertz.linf.sp# Lipy (cm)
growth.gompertz.kg.sp# K,
growth.gompertz.tg.sp# t, (years)
growth.exponential.thr.age.sp# | aeqp (years)
growth.gompertz.thr.age.sp# G gom (years)

2.7.6 Reproduction

The system starts from a pristine state, with no schools in the domain. For a few years (user-defined), Osmose will
release some eggs for every species. The eggs enter the different steps of the life cycle, and once the fish reach sexual
maturity, the reproduction process takes over. Osmose stops the seeding, unless the spawning stock biomass gets
depleted. In that case Osmose resumes the seeding by releasing some eggs until there are again mature individuals
in the system for carrying on the reproduction process. Osmose completely ceases the seeding when the simulation
reaches the maximal number of years for seeding (user-defined).

For a given species:

Brat = Z B

maturesch.

Neggs = FRACfer, * o season * Byqr if SSB >0
Neggs = FRAC fep, * 0% season * Bgeeding 1.f SSB =0
By following this approach:
» No assumption is made about the structure of the populations but it emerges from individual interactions
* it reduces computing requirements for the spin-up as the first years are the fastest to run
¢ it reduces the number of time steps for the spin-up
* it minimizes the amplitude of population oscillations
Finally, the seeding biomass is then used to add new schools to the system, depending on the value of N¢ggs.
If Neggs < Ns:

Noen, =1
Asch = Neggs

else:
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Table 2.24: Reproduction paramters

simulation.nschool.sp# Number of schools of species # to create during reproduction (V)

simulation.nschool Number of schools to create during reproduction (/Ny). Used if no species specific
value provided

popula- Seeding biomass (Bceding, tons)

tion.seeding.biomass.sp#

reproduc- File providing the seeding distribution within a year

tion.season.file.sp#

species.sexratio.sp# Fraction of females (F'RAC tcy,)

species.relativefecundity.sp#| Number of eggs per gram of mature female (relative fecundity)

popula- Number of years when the artificial seeding is activated

tion.seeding.year.max

2.8 Mortality

Within each time step, the total mortality of a given school is comprised of predation mortality caused by other schools,
starvation mortality, fishing mortality, and diverse other natural mortality rate. The four different mortalities are com-
puted so as to represent quasi simultaneous processes, and we consider that there is competition and stochasticity in
the predation process.

Within each time step, OSMOSE considers each pair of school/source of mortality in turn in a random order. To ensure
that the random order of the mortality sources and of the schools does not bias the resulting instantaneous mortality rates
applied and effectively correspond to the mortality rates specified in input (for fishing and diverse natural mortality),
all the mortality events are iterated within a time step over a fixed number of sub-time step.

Table 2.25: Mortality parameters

stochastic.mortality.seed | Integer to fix the random number generator.
mortality.subdt Number of mortality sub time-steps.
mortality.algorithm Mortality algorithm (iterative or stochastic) (Osmose <= 4.2.0)

Note: In Osmose >= 4.3.0, the mortality.algorithm parameter is no more used. Stochastic mortality algorithm
is used.

Mortality processes are detailed below.

2.8.1 Predation mortality

The central assumption in OSMOSE is that predation is an opportunistic process, which depends on:
* the overlap between predators and potential prey items in the horizontal dimension

* size adequacy between the predators and the potential prey (determined by predator/prey size ratios); and when
the information is available

* the accessibility of prey items to predators, which depends on their vertical distribution (this being determined
by means of accessibility coefficients). Thus, in OSMOSE, the food web structure emerges from local predation
and competition interactions.

Consider a predator school Sp;¢q.
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Size predation

Size-predation matrix is controlled by two parameters. The predator school Sy, can only feed on prey schools whose
length meets:

Lyyed
Rmin S —pree S Rma:c

prey

with R,,.;, and R4, the maximum and minimum predator/prey size ratios. Therefore, the minimum and maximum
sizes of a prey that a predator can eat is given by:

I _ Lpred
maxr — R

max

L _ Lpred
min — R

min

Table 2.26: Size-predation parameters

predation.predPrey.stage.structure Structure to determine thresholds for predator/prey size ratios (age or
size)

preda- Array of age or size thresholds

tion.predPrey.stage.threshold.sp#

preda- Array of R4, values

tion.predPrey.sizeRatio.max.sp#

preda- Array of R,,;, values

tion.predPrey.sizeRatio.min.sp#

Danger: RnLin > Rmaz

Since resource groups are defined by a range of sizes, and not by a single sizes, the predator will feed on a given
percentage of the resource:

min(Lmaxrscv Lmam) - mam(Lminrsc ) Lmzn)

Rrsc =

Lmawrsc - Lminrsc

which is the overlapping range of the predator accessible range and of the resource size range.

Accessibility

First, the accessibility of all the preys to school Sy,..q is determined from an accessibility matrix for every species
and stages. This matrix must not be used to define diet preferences but rather to take into account for a difference of
positions in the water column (meaning some schools might evolve around the same geographical area but never meet
because they do not occur at the same depth).
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Fig. 2.4: Size-based predation in Osmose
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Table 2.27: Example of a CSV predation accessibility file.

Prey / Predator lesserSpotted < 0.45 | lesserSpotted | redMullet < 0.25 | redMullet
lesserSpottedDogfish < 0.45 | 0.05 0 0 0.05
lesserSpottedDogfish 0 0.8 0.4 0
redMullet < 0.25 0 0.4 0.8 0
redMullet 0.8 0.4 0 0.8
pouting < 0.25 0 0.4 0.8 0
pouting 0 0.8 0.4 0
whiting < 0.25 0 0.4 0.8 0
whiting 0 0.8 0.4 0
Dinoflagellates 0 0.5 1 0
Diatoms 0 0.5 1 0
Microzoo 0 0.5 1 0
Mesozoo 0 0.5 1 0
Macrozoo 0 0.5 1 0
VSBVerySmallBenthos 1 0.5 0 1
SmallBenthos 1 0.5 0 1
MediumBenthos 1 0.5 0 1
LargeBenthos 1 0.5 0 1
VLBVeryLargeBenthos 1 0.5 0 1
backgroundSpecies 0 0 0 0

Each line of the matrix corresponds to a prey (including plankton groups), and each column to a predator. The file
must be understood as follow: lesserSpottedDogfish of age class less than 0.45 (line 1) are only accessible to young
lesserSpottedDogfish (5%) and old redMullet (5%).

Table 2.28: Parameters for accessibility

predation.accessibility.stage.structure Threshold type. Must be age or size.
predation.accessibility.stage.threshold.sp# | Array containing the stage thresholds for a given species.
predation.accessibility.file CSV file containing the accessibility matrix

Warning: In versions <= 4.2.0, the order of the rows and columns must follow the indexing of species (focal,
background and resource) and stages (e.g., species(; speciesl; species2 stage(; species2 stagel; species3).
The threshold values provided in the CSV file are not used in this version

Since version 4.3.0, the predation.accessibility.stage.threshold.sp# parameter has been threshold has
been deprecated, since the thresholds are read directly from the CSV files by matching the < character. It is assumed
that if there is no match, no threshold is provided. However, when < is matched, it is assumed that what follows is the
upper bound of the class.

Furthermore, the column and row order is no more important, since a match of the species name is performed.

Finally, since version 4.3.0, accessibility matrix can vary over time with the following parameters, which follow the
parameterization of movements.
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Table 2.29: Parameters for time varying accessibility

predation.accessibility.file.acc# CSV file containing the accessibility matrix
preda- Start year when to use the accessibility matrix
tion.accessibility.initial Year.acc#
predation.accessibility.final Year.acc# | Start year when to use the accessibility matrix
predation.accessibility.years.acc# List of years when to use the map (instead of setting initial and final years)
predation.accessibility.steps.acc# List of time steps when to use the map

Danger: If the predation.accessibility.file (with no .acc suffix) is found, Osmose will assume constant
predation accessibility matrix.

Predation rate

Finally, the predation rate is computed as follows. First, the total accessible biomass for the predator school is computed:
Piot = Z A(pred, prey) X Bprey
p=preys
The total biomass that a predator can eat is also computed as follow:

Bpred X Im(m

Peatable =
Nmo’r’t

with N_mort the number of sub-step of mortality processes, B4 the total biomass of predator and 1,4, the maximum
ingestion rate for each species, expressed in grams of food per gram of fish and per year. It is assumed that predator eat
as much as they can.

The effective biomass that will be eaten by the predator is
Peaten = min(Ptota Peatable)

Finally, for each prey, the biomass eaten by the predator is given by:

A(pred,prey) X Bprey
Ptot

P)lost = Peaten

Finally, the success rate is computed as:

SR _ Peaten

Peatable

Table 2.30: Ingestion parameter

] predation.ingestion.rate.max.sp# \ L a2 (grams of food per gram of fish and per year) \

2.8.2 Starvation mortality

Starvation mortality is applied as follows:

Nstarv =N x (]- - e_Msmm)
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with My, the starvation mortality rate, which is computed as follows:

Mstarv = Mmaw X (1 - SR) Zf SR < CSR
Csh,

Note: Starvation mortality rate applied at time step ¢ is based on the predation success computed at time-step ¢ — 1

Table 2.31: Starvation mortality parameters

mortality.starvation.rate.max.sp# | Maximum rate of starvation mortality M, ..
predation.efficiency.critical .sp# Critical predation success rate C's,,

2.8.3 Migration mortality

When a school is out of the domain, none of the standards processes (predation, growth, fishing, natural mortality,
growth, starvation) apply.

The migration mortality is used to simulate all sources of mortality outside the simulated area. It applies as long as the
school is located out of the simulated area

Nout = N x (1 — e Mout)

Table 2.32: Parameters for migration mortality

| mortality.out.rate.sp# | Annual mortality rate for species that move out of the simulated area (Mou:) |

2.8.4 Fishing parameters (Osmose <= 4.0.0)

On Osmose versions previous to 4.0.0, fishing mortality was species-specific. It was parameterized either by providing
fishing rates or catches.

Table 2.33: Fishing parameters (< 4.0.0)
mortality.fishing.type Whether fishing mortality is provided as rate or catches’
mortality.fishing.recruitment.age.sp# | Age at which a species can be fished (years)
mortality.fishing.recruitment.size.sp# | Size at which a species can be fished (cm)

Warning: Osmose does not accept fishing mortality rates for some species and catches for other species.

By rate

If mortality rate is provided, the number of dead fishes in a school is computed as follows.
Nfishing =N x (1 - exp—F)

Osmose offers several degrees of refinement for inputting the fishing mortality: constant, seasonal, interannual and
interannual with age or size class. Depending on the available information for each species of the configuration, one
must choose the best way to input it. Each species can be parameterized independently from an other. For instance
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fishing mortality for species zero is a constant annual rate and fishing mortality for species three is provided as a time

series per size class.

Table 2.34: Parameters for fishing rate.

mortal- CSV file containing the fishing rates by age and by time-step
ity.fishing.rate.byDt.byAge.file.sp#

mortal- CSV file containing the fishing rates by size and by time-step
ity.fishing.rate.byDt.bySize.file.sp#

mortal- File containing the fishing rates by year

ity.fishing.rate.by Year.file.sp#

mortality.fishing.rate.sp# Annual fishing rate

mortal- File containing the seasonal distribution of fishing mortality. If not provided,

ity.fishing.season.distrib.file.sp# | assumes constant fishing rate

Osmose will first look for any of the first two parameters. If not found, it will look for the third one. If not found,
Osmose will finally look for the fourth one. If the third or fourth parameter are found, it will also looks for the fifth

one.

By catches

If mortality is provided by catches, the number dead individuals is computed as follows:

Nfish = min <N,C X

Byisn

———— | if Byishable >0
Byishable X W) Jishable

with C' the catches, B¢;sp, the fish biomass, W its weight and B;spqbie the biomass that can be fished.

Table 2.35: Parameters for fishing catches.

mortality.fishing.catches.byDt.byAge.file.sp#

CSV file containing the fishing rates by age and by time-step

mortality.fishing.catches.byDt.bySize.file.sp#

CSV file containing the fishing rates by size and by time-step

mortality.fishing.catches.by Year.file.sp#

File containing the fishing rates by year

mortality.fishing.catches.sp#

Annual fishing rate

mortality.fishing.season.distrib.file.sp#

File containing the seasonal distribution of fishing mortality

Note: Catches are assumed to be in tons.

Osmose will first look for any of the first two parameters. If not found, it will look for the third one. If not found,
Osmose will finally look for the fourth one. If the third or fourth parameter are found, it will also looks for the fifth

one.

Marine Protected Areas (MPAs)

The user can defined as many MPA as he wishes.

Table 2.36: Parameters for setting MPA

mpa.file.mpa#

File containing the MPA definition

mpa.start.year.mpa#

First year when this MPA is active

mpa.end.year.mpa#

Last year when this MPA is active

2.8. Mortality
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The map is a CSV file similar to the movement maps. The CSV file has the same number of lines and columns as the
OSMOSE grid. The MPA file must contain 1 where the MPA is defined, O elsewhere.

Start year and end year parameters define the time span when the MPA is enabled.

The MPA are handled within the fishing process. Every time there is a new MPA to be activated or deactivated, Osmose
updates the correction factor that will be applied to the fishing mortality rates in order to take into account the uniform
redistribution of the fishing effort outside the MPAs.

2.8.5 Fishing parameters (Osmose >= 4.2.0 & <= 4.2.0)

Between the 4.0.0 and 4.2.0 Osmose versions, a new way to implement fisheries is possible.

New algorithm

A new feature provided by the new fisheries implementation is the consideration of bycatch.

The fisheries.catch.matrix.file parameter provides the location of a CSV file containing Ny;spcrics lines and
Npecies columns.

The table provides, for each fisheries, the proportion of each fish biomass that is extracted by the fisherie.

In the example provided in Fig. 2.5, fisherie 7 targets the sole (proportion of 100%) but with 10% of bycatches of plaice
and horse mackerel.

Let’s call this proportion matrix An,, ...~

specie®

The new fishing mortality process, for a given specie s, is done by computing the mortality rate associated with each
fisherie:

Nyisheries

Nay,s.t-1= Nay,se X exp | — E Ak Frsay
k=1

with N ; the number of individuals of species s and F j the fishing mortality rate.

Note: If the stochastic mortality algorithm is used, the order in which the fisheries are accessed is random.

In the new implementation of fisheries, the fishing mortality rate F j is variable in space, time and depends on the size
of the targetted specie:

Fk,sﬂt,w’y = Rk(t) X Sk(s) X Zk('ra yvt) (21)

with Ry, the time varying fishing rate, Sy, the size-dependent multiplication factor and Zj, the space-dependent multi-
plication factor, whose calculation is detailed below.

Size/Age selectivity
In order to take into account the selectivity of the fisheries on the size or age of the focus species, fishing rate are now
scaled by a selectivity curve (S (s) factor in equation (2.1)).

First, the user has to define, for each fisherie, which variable will be used to compute the selectivity (age or len). This
is done by filling the fisheries.select.var. fisX parameter.

Then, the user needs to define which kind of selectivity curve should be used. This is done by setting the fisheries.
select.curve. fisX parameter, which can take three values.
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Step selectivity

If fisheries.select.curve.fisX = step, a step like selectivity is used:

S(z) = {O, if x < xg.

1, otherwise.

with x( being the fisheries.select.150. fisX parameter

Sigmoid selectivity

If fisheries.select.curve.fisX = sigmo, a sigmoid like selectivity is used:

1
" 1ta exp—PA@=20)

S(x)

with ¢ being the fisheries.select.150.fisX parameter, o the fisheries.select.a.fisX parameter and /3
the fisheries.select.b. fisX parameter.

Gaussian selectivity

If fisheries.select.curve.fisX = gauss, a Gaussian like selectivity is used:
S(x) = expfﬂY(Iﬂ”O)2

with ¢ being the fisheries.select.150. fisX parameter and -y the fisheries.select.b. fisX parameter.
Examples
The three selectities are show in figure Fig. 2.6 with g = 100, « = 1, 8 = 0.1 and v = 0.0005.

Time-variability

The time varying fishing rates Ry (¢) (equation (2.1)) can be provided using different methods, which are displayed in
Fig. 2.7 (for a 24 time step simulation of 2 years).

The method is set through the fisheries.rate.method. fisX parameter, which can take 5 values.

Constant

If fisheries.rate.method.fisX = constant, aconstant fishing rate (fisheries.rate.const.rate.fisXpa-
rameter) is applied during the simulation. The model assumes that this fishing rate is a yearly rate and is converted into
a seasonal one (i.e. it is divided by the ndtPerYear variable).
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By year

If fisheries.rate.method.fisX = byyear, the user provides the number of different fishing rates per year
(fisheries.rate.periodsperyear.fisX parameter) and the associated annual fishing rates (fisheries.rate.
byyear.rate. fisX parameter). This fishing rate will be repeated for each simulated year.

In the example below (top right), 4 fishing rates per year are provided. Therefore, the fishing rate is updated every 12 /
4 =3 time steps (cf. red lines).

Linear

If fisheries.rate.method.fisX = linear, the user provides an initial fishing rate (fisheries.rate.linear.
rate. fisX parameter), a slope (fisheries.rate.linear.slope. fisX) and the number of different annual fishing
rates per year (fisheries.rate.periodsperyear.fisX parameter). The fishing rates are computed by using an
affine function.

In the example below (middle right), 4 fishing rates per year are provided. Therefore, the fishing rate is updated every
12 /4 =3 time steps (cf. red lines).

Regime shifts

If fisheries.rate.method.fisX = byregime, the user defines time-steps of regime shifts (fisheries.rate.
regime.shifts. fisX parameter) and their associated annual fishing rates (fisheries.rate.regime.rates.fisX
parameter) associated with the regimes. Note that len(shifts) + 1 = len(rates).

In the example below (bottom left), there are 4 regimes: at time-steps [0, 2], [3-4], [5-14], [15-23] (cf. purple lines).

By Dt

If fisheries.rate.method.fisX = bydt, the user provides a fishing rate for each simulation time-step
(fisheries.rate.bydt.rate.fisX). However, if the number of provided rates is less than the total number of
simulation time-steps, the fishing rate is repeated cyclically.

In the example below (middle left), only 5 rates are provided. These rates will be applied for steps [0-4], [5-9], etc. (cf.
blue lines)

Warning: Itis the only case where the fishing rate is assumed to be seasonal. In all other cases, it is assumed
that annual rates are provided

Spatial variablity

Another feature that is implemented in the new fisheries implementation is the possibility to define spatial variability
in the fishing effort (Zy(z, y, t) factor in equation (2.1)).

The spatial variability is managed in the same way as map fishing movements.

A fishing map must be associated with a fisherie index. This is done by setting the fisheries. fishmap.find. fmapX
parameter, which have values ranging from 0 to Ngisperies — 1.

The user can also provide the years at which the given map is applied ( fisheries. fishmap.year.min.fmapX and
fisheries.fishmap.year.max.fmapX parameters). By default, the start and end simualtion years are used.
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The user must also provide the season at which the fishing map is used (fisheries. fishmap.season.fmapX pa-
rameters).

Note: If a map is missing (at a given year or during a given season), it is considered that the fisherie is deactivated.

Finally, the user must provide the CSV file containing the spatial factors (fisheries. fishmap.file. fmapX).

Note: The model automatically normalize the fishing efforts so that their surface weighted means is 1.

Let’s call M the weighted mean of the provided factors:

Neenr
M = k;;el Skfk
ZNceu S
k=1 Pk

with N,.;; the number of cells within the fisherie area, S, the cell surface and fj, the provided spatial fishing factor.

The new cell factors will be fr, = fﬁ’“

For instance, if a fishing area contains 6 cells, with spatial factors of [1,1,1,2,2], the new factors will be [0.71,
0.71, 0.71, 1.43].

If the factors are [1,1,1,0,0] (0 if a MPA overlaps with the fishing area for instance), the new factors will become
[1.67, 1.67, 1.67, O, 0], which can be viewed as a uniform redistribution of the fishing effort.

2.8.6 Fishing parameters (Osmose >=4.3)

Fishing mortality rates
In the Osmose versions >= 4.3, changes in the parameterization of fisheries have been implemented, although the spirit
remains close to the one in versions 4.
Fisheries mortality time-series for each gear are now the product of three components:
* A vector of fishing mortality rates associated with fishing periods, Fjeriod

* A vector of seasonality values, which provides the time-variation of the fishing effort during a given season,

EGeasmL
* A vector of multipliers, which provides a multiplication factor, Fjse.

Therefore, for a given time-step ¢, the value of the fishing mortality for a given fleet would be:
F(t) = Fperiod(t) X Fseason (t) X Fbase(t)

Since the parameterisation is a bit tricky, a parameter (fisheries.check.enabled) allows to control whether the
values of F', Fiyeriod, Fseason and : math:F_base should be saved. It allows to control that the given time-series are
as expcted.

42 Chapter 2. Osmose model



OSMOSE Documentation, Release 4.3

Fishing base ()
The fishing base mortality multiplier is provided as regime shifts.

Table 2.37: Fishing base parameters

fisheries.rate.base.fsh# Fishing base for the different regimes.
fisheries.rate.base.shift.fsh# Years of the regime shifts.
fisheries.rate.base.log.enabled.fsh# | True if fisheries are provided in logscale.

If one value is provided in fisheries.rate.base.fsh#, this value will be used during all the simulation. If NV
values are provided, then the fisheries.rate.base.shift. fsh# parameter must contain N — 1 values, which are
the years of the regime shifts.

Fishing period (Fcri0q)
There is now the possibility to define a fishing period, i.e. a period when the fishery is active.

Table 2.38: Fishing period parameters

fisheries.period.number.fsh# | Number of fishing periods within one year (Npe,)
fisheries.period.start.fsh# Start of the active fishing period (fraction of year, default = 0, Y;4,+)
fisheries.rate.byperiod.fsh# Fishing mortality rate. Must me in year !

Note that the number of values expected in the fisheries.rate.byperiod. fsh# parameter depends on Y.
If Yyiare = 0, then Npe, X Nyeq, values are expected (one value for each fishing and non-fishing season).

If Ytare 7 0, then Npe, X Nyeqr + 1 values are expected.

Fishing seasonality

In order to distribute the fishery mortality over the season, the user can define a seasonality vector, either as a file, or
as a vector.

Table 2.39: Fishing seasonality parameters

fisheries.seasonality.fsh# Array of fishing seasonality. Must contain W

eason

fisheries.seasonality.file.fsh# | File containing the fishing seasonalities (must contain N, values)

In the first case, the same seasonality will be applied for each fishing season. Imagine that we have 24 time-steps per
year and two fishing season (with no offeset, top of figure Fig. 2.8), then the seasonality provided should contain 12
values, which would apply for the active fishing period (green zone).

In the latter case, it is up to the user to generate the proper time series and to store it in a file.

Danger: The sum of fishing seasonalities must equal one over the fishing seasons! No automatic normalisation
is performed by Osmose!

2.8. Mortality 43



OSMOSE Documentation, Release 4.3

Start =0

Start = 0.25

Fig. 2.8: Fishing period for two values of Y4

Case studies

fisheries.rate.base.fsh0;1

fisheries.season.number. fsh@;1

fisheries.rate.byperiod. fsh0;1

fisheries.season.start.fsh®;0
fisheries.seasonality.fsh®;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.
-04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;
—0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166;0.04166

fisheries.rate.base.fsh0;1

fisheries.season.number. £sh@;2

fisheries.rate.byperiod. fsh®;1, 0, 2, 0, 3, 0, 4, 0, 5, 0

fisheries.season.start.fsh0;0
fisheries.seasonality.fsh0;0.0;0.0;0.0;0.0;0.0;0.0;0.1666;0.1666;0.1666;0.1666;0.1666;0.
-»1666;

fisheries.rate.base.fsh0;1

fisheries.season.number. fsh®;2

fisheries.rate.byperiod. fsh0;0, 1, 0, 2, 0, 3, 0, 4, 0, 5, 0
fisheries.season.start.fsh®;0.25
fisheries.seasonality.fsh®;0.0833;0.0833;0.0833;0.0833;0.0833;0.0833;0.0833;0.0833;0.
-0833;0.0833;0.0833;0.0833;
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Size selectivities

Table 2.40: Fishing size-selectivity parameters

fisheries.selectivity.tiny.fsh#

Selectivities values below which selectivity if forced to 0 (¢)

fish-
eries.selectivity.type.file.fsh#

File containing the selectivity types

fish-
eries.selectivity.type.shift.fsh#

Array containing the selectivity periods

fisheries.selectivity.type.fsh#

Selectivity types (one value per shift period). Must be 0, 1 or 2

fish-
eries.selectivity.a50.file.fsh#

File containing the age selectivities.

fish-
eries.selectivity.a50.shift.fsh#

Array containing the Agq shift periods

fisheries.selectivity.a50.fsh#

Age selectity (one value per shift period). If set, assumes that fishery selectivity is
age-based

fish-
eries.selectivity.150.file.fsh#

File containing the L.

fish-
eries.selectivity.150.shift.fsh#

Array containing the L5 shift periods

fisheries.selectivity.150.fsh#

L5o (one value per shift period).

fish-
eries.selectivity.175.file.fsh#

File containing the L5

fish-
eries.selectivity.175.shift.fsh#

Array containing the L5 shift periods

fisheries.selectivity.l75.fsh#

L5 (one value per shift period).

Note that type, a50, 150 and 175 are parameterized in the same way. If the .file parameter is defined, then it is
used. If it is not set, then values are defined by using the other two parameters. The shift array contains thresholds,
where the values are to change.

The selectivity type must contain O (knife-edge), 1 (sigmoid), 2 (Gaussian) or 3 (log-normal).

If one of the a50 parameter, it is assumed that age selectivity is used.

Warning: Only knife-edge selectivity can be used with age.

Note: If only knife-edge selectivity is used, then the 175 parameters are not used.
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Knife-edge selectivity
Knife-edge selectivity is computed as follows:

S(L)y=14if L > Lsg
Sigmoid selectivity

Sigmoid selectivity is computed as follows:

1
S(L) = 1+ expS1—5-L
L In3
Sl _ 50 X In
L75 — Lso
S
Sy =
27 Ls0
Gaussian selectivity
Gaussian selectivity is computed as follows:
F(L)

) = FLs)
F(L)=exp (—L_LSO>

202
~ Lzs — Lo
o= 25— =50
ars
with g75 is the inverse cumulative standard normal distribution for the 75th percentile.

Catchability

Fishery cathabilities are parameterized in a similar way as predation accessibility matrix.

Table 2.41: Fisheries catchabilities

fisheries.catchability.file Name of the catchability file

fisheries.catchability.file.cat# Name of the catchability file

fisheries.catchability.years.cat# List of years when the catchability should be used.

fish- First year when the catchability matrix should be used (if year list not pro-

eries.catchability.initial Year.cat# vided)

fisheries.catchability.final Year.cat# | Last year when the catchability matrix should be used (if year list not pro-
vided)

fisheries.catchability.steps.cat# List of steps within a year when the catchability should be used.

Fishery catchabilities should be provided as a CSV file, with fisheries as column (predators) and species (background
and focal) as rows (preys). If the first parameter (fisheries.catchability.file) is found, then this catchability
matrix will be used over the entire simulation.
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If this parameter is not found, Osmose will assume that catchability matrixes may vary over time. It will therefore
look for all the fisheries.catchability.file.cat# parameters. Each catchability matrix should be associated with time-
indications, which specifies on which year (interannual variability) and which time-steps (seasonal variabillity) this
catchability matrix should be used.

Warning: Note that the # here is not related to the one of fisheries.

Discards

There is also the possibility to define fisheries discards. It is defined in the same way as catchabilies (cf above for a
detailed description of the parameters).

Table 2.42: Fisheries discards
fisheries.discards.file Name of the catchability file

fisheries.discards.file.dis# Name of the catchability file

fisheries.discards.initial Year.dis# | First year when the catchability matrix should be used
fisheries.discards.final Year.dis# Last year when the catchability matrix should be used
fisheries.discards.years.dis# List of years when the catchability should be used.
fisheries.discards.steps.dis# List of steps within a year when the catchability should be used.

Fishery discards should be provided as a CSV file, with fisheries as column (predators) and species (background and
focal) as rows (preys).
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CHAPTER
THREE

PRE/POST PROCESSING OF OSMOSE MODEL

In this section, the pre/post processing tools of the osmose package are presented

3.1 Library loading

require("osmose™)

1s("package:osmose™)

Loading required package: osmose

[1] "cacheManager" "get_var" "getVar"

[4] "osmose_calib_demo" "osmose_demo" "osmose2R"

[7] "read_osmose" "report" "run_osmose"
[10] "runOsmose" "update_osmose" "write_osmose"

[13] "write.osmose"

3.2 Reading Osmose parameters

The loading of Osmose parameters is achieved by using the read_osmose function with an input argument providing
the path of the main configuration file.

suppressMessages(require("osmose™))
output.dir = file.path("rosmose", "_static")

exampleFolder <- tempdir()
demoPaths <- osmose_demo(path = exampleFolder, config = "eec_4.3.0")

# load the Osmose configuration file
osmConf = read_osmose(input=demoPaths$config_file)

# Summarize the configuration
summary (osmConf)

# extracting a particular configuration object
sim = get_var(osmConf, what="simulation")

(continues on next page)
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(continued from previous page)

# proper way to recover the season parameter (returns a vector of numeric)
movements = get_var(osmConf, what='movement')

# Plotting reproduction growth
png(filename = file.path(output.dir, 'species.png'))
plot(osmConf, what="species", species=0)

# Plotting reproduction seasonality
png(filename = file.path(output.dir, 'reproduction.png'))

plot (osmConf, what="reproduction", species=1)

# Plotting size range for predation

Length Class Mode
osmose 2 -none- list

mortality 4 -none- list
simulation 6 -none- list
movement 7 -none- list
fisheries 9 -none- list
predation 4 -none- list
reproduction 1 -none- list
species 16 -none- list
grid 3 -none- list
population 1 -none- list
output 18 -none- list

Furthermore, some parameters can be plotted for a given species. This is done as follows:

png(filename = file.path(output.dir, 'predation.png'))
plot(osmConf, what="predation", species=2)

3.3 Running the model

OSMOSE Java can be run from R by using the run_osmose function.

library("osmose")

# recover the reference configuration file
filename = system.file(package="osmose", "extdata", "master", "osm_all-parameters.csv')

# setting output directory
outdir = 'output'

# default run mode (java file in inst/java/)
run_osmose (input=fileName, output=outdir)

By default, the OSMOSE Java included in the package is used. However, the user is free to use another build of the
OSMOSE Java program as follows:

54 Chapter 3. Pre/post processing of OSMOSE model




OSMOSE Documentation, Release 4.3

i LESSERSPOTIED ISH
80 Ln=51

a0 A
40

30 A

Length (cm)

20

10

Age (years)

Fig. 3.1: Growth parameters for species 0
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Fig. 3.2: Reproduction seasonality for species 1
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Fig. 3.3: Predation size range for species 2
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# Running Osmose by using another version of the .jar file.
jarfile = "/home/nbarrier/Modeles/osmose/svn-osmose/trunk/dist/osmose-trunk.jar"
run_osmose (osmose=jarfile, input=fileName,

output=outdir, version="4")

Warning: The way the OSMOSE Java core is called has changed between versions 3 and 4. As a consequence,
the user must be sure to properly set the version argument.

3.4 Reading outputs

The reading of outputs is achieved by using the read_osmose function:

library("osmose")

data = read_osmose(path="output")

The content of the data object can be obtained as follows:

names (data)

[1] "model™ "species" "biomass"

[4] "abundance" "mortality" "meanTL"

[7] "meanTLCatch" "biomassByTL" "predatorPressure"
[10] "predPreyIni" "dietMatrix" "meanSize"

[13] "meanSizeCatch" "SizeSpectrum" "abundanceBySize"
[16] "biomassBySize" "meanTLBySize" "mortalityBySize"
[19] "dietMatrixBySize" "predatorPressureBySize" "abundanceByAge"
[22] "biomassByAge" "meanSizeByAge" "meanTLByAge"

[25] "mortalityByAge" "dietMatrixByAge" "predatorPressureByAge"
[28] "abundanceByTL" "yieldByFishery" "yield"

[31] "yieldN" "yieldBySize" "yieldNBySize"
[34] "yieldByAge" "yieldNByAge" "sizeMature"

[37] "ageMature" "ingestion" "ingestionTot"
[40] "maintenance" "meanEnet" "sizeInf"

[43] "kappa" "abundAgel" "ingestByAge"

[46] "ingestBySize" "kappaByAge" "kappaBySize"

[49] "enetByAge" "enetBySize" "maintenanceByAge"
[52] "maintenanceBySize" "config"

Variables are accessed by using the getVar function, which allows to apply some operations prior to extraction (average
over the replicates, conversion into a list or a matrix):

library("osmose")

getwd(
input.dir = file.path("eec_4.3.0", "output-PAPIER-trophic")

data = read_osmose(input.dir)

biom = get_var(data, "biomass")

(continues on next page)
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(continued from previous page)

class(biom)
dim(biom)
cat("\n'")

# expected = TRUE if mean over replicate should be returned
# only works for data that inherits from array

biom = get_var(data, "biomass", expected=TRUE)

class(biom)

dim(biom)

cat("\n")

biom = get_var(data, "biomass", how="list")
class(biom)

names (biom)

cat(biom$OctopusVulgaris)

cat("\n'")

biom = get_var(data, "dietMatrixByAge")
class(biom)
cat("\n")

biom = get_var(data, "dietMatrixByAge", how="1list")
class(biom)

[1] "/home/barrier/Work/codes/osmose/osmose-doc"

[1] "osmose.biomass" "array"

[1] 8 14 3

[1] "matrix" "array"

[1] 8 14

[1] "list"

[1] "lesserSpottedDogfish" "redMullet" "pouting"
[4] "whiting" "poorCod" "cod"

[7] "dragonet" "sole" "plaice"
[10] "horseMackerel" "mackerel"” "herring"
[13] "sardine" "squids"

[1] "osmose.dietMatrixByAge" "list"

[1] "list"

The first argument is the data object obtained by using the read_osmose function, while the second argument is the

name of the variable to extract.

3.4. Reading outputs
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3.4.1 Reading NetCDF outputs

In the new Osmose version, the user has the possibility to save outputs as NetCDF (.nc) instead of CSV (.csv) files.
However, no function has been provided to automatically read all the Osmose NetCDF files. Therefore, scripts
must be written by the user, following the example shown below:

rm(list=1s(Q))
library("ncdf4")

filename = file.path("rosmose", "_static",
"gogosm_mortalityRateDistribByAge-OctopusVulgaris_Simu®.nc")

print ("QEEECQAECCCAACCCQAECCQQAGCEAQA fid")
fid = nc_open(filename)
print(fid)

print ("QQQQEEEEEAOCACACCAAACQAAAAEGAA vars")
var = fid$var

print(names(var))

mort = ncvar_get(fid, "mortality")

print ("QQQQEEEEEEOCACACCAAACQAAAAEA@A dims")
dims = fid$dim
print (names(dims))

print ("CQQQQQQQAAECCCAACAACACAAAAAAQA mortality")
mcause = ncvar_get(fid, "mortality_cause")

attrs = ncatt_get(fid, "mortality_cause'")
print(attrs)

print ("@CCEEAQQAAAACCOLCACQQACACEEEAEA@ age')
age = ncvar_get(fid, "Age')
print(age)

[1] "@EEEEEEEAECAECAECAEAAACAAEEa fid"
File rosmose/_static/gogosm_mortalityRateDistribByAge-OctopusVulgaris_Simu®.nc (NC_
- FORMAT_CLASSIQC):

1 variables (excluding dimension variables):
float mortality[mortality_cause,Age,time]
units:
description: Predation (Mpred), Starvation (Mstarv), Other Natural mortality.
<—»(Mnat), Fishing (F) & Out-of-domain (Z) mortality rates per time step of saving and.
—.per size class. Z is the total mortality for migratory fish outside the simulation..
—grid. To get annual mortality rates, sum the mortality rates within one year.
_Fillvalue: -99

3 dimensions:
time Size:12 ***% is unlimited ***
units: days since 0-1-1 0:0:0
calendar: 360_day
description: time ellapsed, in days, since the beginning of the simulation

(continues on next page)
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(continued from previous page)

Age Size:25
mortality_cause Size:6
mortality_cause®: PREDATION
mortality_causel: STARVATION
mortality_cause2: ADDITIONAL
mortality_cause3: FISHING
mortality_cause4: OUT
mortality_cause5: OXY
[1] "00EeeCCQAAEEEEOOCAAAAAAAAAAQ@ vars"
[1] "mortality"
[1] "0EECEEEAAAQQAAACCLCCAACAAAAAAA@ dims"
[1] "time" "Age" "mortality_cause"
[1] "00eeeeAAAAAAAEEEEEEOCAEEAAAAA mortality"
$mortality_cause®
[1] "PREDATION"

$mortality_causel
[1] "STARVATION"

$mortality_cause2
[1] "ADDITIONAL"

$mortality_cause3
[1] "FISHING"

$mortality_cause4
[1] "OUT"

$mortality_cause5
[1] "OXY"

[1] "@eeEeEeEECEACCACCACAACCAACEAEE age"
(1] ¢ 1.2 3 4 5 6 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24

3.5 Plotting outputs

Plotting Osmose outputs is achieved by calling the generic plot function on the osmose object, output by the
read_osmose function. The function takes as argument the variable to be displayed (what argument). The species
argument allows to specify the indexes of the species to display (cf. the X in the species.name. spX parameters).

library("osmose")

input.dir = file.path("eec_4.3.0", "output-PAPIER-trophic')
data = read_osmose(input.dir)

output.dir = file.path("rosmose", "_static")
test = get_var(data, "species')

png(file=file.path(output.dir, "biomass.png"))

(continues on next page)
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(continued from previous page)

plot(data, what="biomass")

png(file=file.path(output.dir, "abundance.png"))
plot(data, what="abundance", species=c(0®, 1, 2))

png(file=file.path(output.dir, "yield.png"))
plot(data, what="yield")

png(file=file.path(output.dir, "yieldN.png"))
plot(data, what="yieldN")

Hint: When several replicates are run, the uncertainty due to the stochastic mortality is displayed as a grey shading.

Warning: At this time, only these four variables can be plotted. However, more plot functions (diet matrix,
mortality, etc.) will be released soon.
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CHAPTER
FOUR

RUNNING A CALIBRATION

In this section, the methodology of OSMOSE calibration using the sequential approach described in [ORVES17] is
provided. This calibration uses the calibrar and osmose R libraries (see Section 1 for installation instructions). For
a detailed description of the calibrar package, the user is referred to [ORS17].

The philosophy of the method is to assess unknown or poorly described parameters (for instance larval mortality or
plankton accessibility) by fitting model outputs to observed datasets (biomass, etc.).

The calibration of the reference calibration, which is explained in details in the following, can be tested by typing in R:

rm(list=1s(Q))

library("osmose")

# copy all that is needed for the calibration
demo = osmose_calib_demo(path = "calib/_static/")

# move to the calibration folder
setwd(demo$path)

# run the calibration script

#source (demo$file)

In [1]: import os

In [2]: import subprocess

In [3]: cwd = os.getcwd()

In [4]: fpath = "calib/_static/democalib.R"
In [5]: with open(fpath) as f£:

with open(os.devnull, "w") as DEVNULL:
subprocess.call(["Rscript", fpath])
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4.1 Calibration directory architecture

To run the OSMOSE calibration, it is assumed that the following directories and files exist:
* adirectory containing observation data used in the calibration. In this example: DATA (see Section 4.2)

* adirectory containing the configuration and forcing files that will be copied in the individual run directories of
each population (in this example, master).

In this master directory, the configuration file that will be used in the calibration process must contain the following
two lines:

Table 4.1: Osmose main configuration file

osmose.configuration.calibration | calibration-parameters.csv
osmose.configuration.main osm_all-parameters.csv

The first entry is the name of the CSV file that will contain the calibrated parameters. This file must be generated in
the calibration process (see Section 4.6).

The second entry is the path of the main configuration file, which contains all the uncalibrated parameters needed by
OSMOSE Java.

Danger: The main configuration file (here, osm_all-parameters.csv) may also contain the calibrated param-
eters (defined in calibration-parameters.csv). In this case, the calibration-parameters.csv file must be
included first, in order to insure that it will have precedence over the osm_all-parameters.csv file.

4.2 Data preparation

Data used to calibrate the OSMOSE model must be on CSV format. Data may contain one or more columns.

Two examples are provided below.

Table 4.2: Annual data biomass: EngraulisEncrasicolus.biomass.
csv

EngraulisEncrasicolus.biomass
13000
13000
13000
13000
13000
13000
13000
13000
13000
13000
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13000
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Table 4.3: Monthly data thresholds: MustelusMustelus.thr.csv

min max
1 804 3216
2 804 3216
3 804 3216
4 804 3216
5 804 3216
6 804 3216
7 804 3216
8 804 3216
9 804 3216
10 804 3216
11 804 3216
12 804 3216
13 804 3216
14 804 3216
15 804 3216
16 804 3216
17 804 3216
18 804 3216
19 804 3216
20 804 3216
21 804 3216
22 804 3216
23 804 3216
24 804 3216
25 804 3216
26 804 3216
27 804 3216
28 804 3216
29 804 3216
30 804 3216
31 804 3216
32 804 3216
33 804 3216
34 804 3216
35 804 3216
36 804 3216
37 804 3216
38 804 3216
39 804 3216
40 804 3216
41 804 3216
42 804 3216
43 804 3216
44 804 3216
45 804 3216
46 804 3216
47 804 3216
48 804 3216
49 804 3216

continues on next page
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Table 4.3 — continued from previous page

50 804 3216
51 804 3216
52 804 3216
53 804 3216
54 804 3216
55 804 3216
56 804 3216
57 804 3216
58 804 3216
59 804 3216
60 804 3216
61 804 3216
62 804 3216
63 804 3216
64 804 3216
65 804 3216
66 804 3216
67 804 3216
68 804 3216
69 804 3216
70 804 3216
71 804 3216
72 804 3216
73 804 3216
74 804 3216
75 804 3216
76 804 3216
77 804 3216
78 804 3216
79 804 3216
80 804 3216
81 804 3216
82 804 3216
83 804 3216
84 804 3216
85 804 3216
86 804 3216
&7 804 3216
88 804 3216
&9 804 3216
90 804 3216
91 804 3216
92 804 3216
93 804 3216
94 804 3216
95 804 3216
96 804 3216
97 804 3216
98 804 3216
99 804 3216

continues on next page
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Table 4.3 — continued from previous page

100 804 3216
101 804 3216
102 804 3216
103 804 3216
104 804 3216
105 804 3216
106 804 3216
107 804 3216
108 804 3216
109 804 3216
110 804 3216
111 804 3216
112 804 3216
113 804 3216
114 804 3216
115 804 3216
116 804 3216
117 804 3216
118 804 3216
119 804 3216
120 804 3216

4.3 Calibration settings

The user must create a CSV file that contains informations about the data that will be used in the calibration process
(see Table 4.4). This file will be read by the calibrar package.
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Table 4.4: Calibration settings

variable type calibrate | weights | useData
TrachurusTrachurus.biomass Inorm2 TRUE 12.5 TRUE
SardinaPilchardus.biomass Inorm?2 TRUE 12.5 TRUE
SardinellaAurita.biomass Inorm?2 TRUE 12.5 TRUE
EngraulisEncrasicolus.biomass Inorm?2 TRUE 12.5 TRUE
OctopusVulgaris.landings Inorm2 TRUE 22.22 TRUE
MelicertusKerathurus.landings Inorm?2 TRUE 22.22 TRUE
MetapenaeusMonoceros.landings | Inorm?2 TRUE 22.22 TRUE
TrachurusTrachurus.landings Inorm?2 TRUE 22.22 TRUE
SardinaPilchardus.landings Inorm?2 TRUE 22.22 TRUE
SardinellaAurita.landings Inorm?2 TRUE 22.22 TRUE
EngraulisEncrasicolus.landings Inorm?2 TRUE 22.22 TRUE
DiplodusAnnularis.landings Inorm?2 TRUE 22.22 TRUE
MustelusMustelus.landings Inorm?2 TRUE 22.22 TRUE
MerlucciusMerluccius.landings Inorm?2 TRUE 22.22 TRUE
PagellusErythrinus.landings Inorm?2 TRUE 22.22 TRUE
OctopusVulgaris.thr minmaxt | TRUE 1 TRUE
MelicertusKerathurus.thr minmaxt | TRUE 1 TRUE
MetapenaeusMonoceros.thr minmaxt | TRUE 1 TRUE
TrachurusTrachurus.thr minmaxt | TRUE 1 TRUE
SardinaPilchardus.thr minmaxt | TRUE 1 TRUE
SardinellaAurita.thr minmaxt | TRUE 1 TRUE
EngraulisEncrasicolus.thr minmaxt | TRUE 1 TRUE
DiplodusAnnularis.thr minmaxt | TRUE 1 TRUE
MustelusMustelus.thr minmaxt | TRUE 1 TRUE
MerlucciusMerluccius.thr minmaxt | TRUE 1 TRUE
PagellusErythrinus.thr minmaxt | TRUE 1 TRUE

The table columns are:

e variable is the list of the variables that will be fit the model with observations.

e calibrate indicates whether the data is used in the calibration.

* weigthts provides the relative weights used to combine the partial objective values obtained for each variable.

¢ useData indicates whether data are read from the disk. If useData=FALSE, the observed value is set to NULL
and the likelyhood function is expected to use simulated data only. The latter option can be particularly useful

type is the likelyhood function that will be used in the fitting. It can either be a native function of the calibrar
package or a user defined function.

to set penalties in the model outputs or parameters, where no observed data are needed.

Warning: If useData

TRUE, the name of the CSV file must be consistent with the name of the variable. For
instance, if the variable is PagellusErythrinus. thr, the data file must be PagellusErythrinus.thr.csv

Danger: The column names (i.e. the header) are important and must be as shown in Table 4.4.
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4.4 List of variables to calibrate

The next step is to create a table containing the list of the Osmose parameters to calibrate (see Table 4.5).

Table 4.5: Parameters to calibrate

paropt parmin parmax | parphase
mortality.natural.larva.rate.sp0 | 0.476013813 | 0.2 1.6 2
mortality.natural.larva.rate.sp1l 1.578997873 | 0.6 2.0 2
mortality.natural.larva.rate.sp2 1.19819857 0.4 1.6 2
mortality.natural.larva.rate.sp3 0.586048506 | 0.2 1.2 2
mortality.natural.larva.rate.sp4 | 0.2 0.2 1.2 2
mortality.natural.larva.rate.spS | 0.904776806 | 0.4 1.6 2
mortality.natural.larva.rate.sp6 0.859194349 | 0.4 1.6 2
mortality.natural.larva.rate.sp7 1.281004774 | 0.4 1.6 2
mortality.natural.larva.rate.sp8 0.010436663 | 0.005 0.02 2
mortality.natural.larva.rate.sp9 | 0.416166226 | 0.2 1.2 2
mortality.natural.larva.rate.sp10 | 1.530131413 | 0.6 1.8 2
plankton.accessibility2fish.plkO | 0.1 0.05 1.9 1
plankton.accessibility2fish.plk1 | 0.1 0.05 1.9 1
plankton.accessibility2fish.plk2 | 0.05 0.05 1.9 1
plankton.accessibility2fish.plk3 | 0.1 0.05 1.9 1
plankton.accessibility2fish.plk4 | 0.1 0.05 1.9 1
plankton.accessibility2fish.plk5 | 1.45 0.05 1.9 1
mortality.fishing.rate.sp0 0.130877451 | 0.1 0.5 3
mortality.fishing.rate.sp1 0.382709506 | 0.175 0.7 3
mortality.fishing.rate.sp2 0.499612516 | 0.227 0.908 3
mortality.fishing.rate.sp3 0.2 0.125 0.5 3
mortality.fishing.rate.sp4 0.6 0.175 0.7 3
mortality.fishing.rate.sp5 0.5 0.125 0.6 3
mortality.fishing.rate.sp6 0.006662997 | 0.003 0.012 3
mortality.fishing.rate.sp7 0.6 0.225 0.9 3
mortality.fishing.rate.sp8 0.15 0.037723225 | 0.2 3
mortality.fishing.rate.sp9 0.09638775 | 0.05 0.2 3
mortality.fishing.rate.sp10 0.5 0.2 0.694 3
q.sp0 0.959522483 | 0.5 1.3 4
q.spl 1.007415552 | 0.5 1.3 4
q.sp2 0.998406705 | 0.5 1.3 4
q.sp3 0.897712618 | 0.5 1.3 4
q.sp4 0.936632054 | 0.5 1.3 4
q.sp5 0.929764322 | 0.5 1.3 4
q.sp6 0.838034913 | 0.5 1.3 4
q.sp7 0.848811769 | 0.5 1.3 4
q.sp8 0.956199768 | 0.5 1.3 4
q.sp9 0.948716213 | 0.5 1.3 4
q.sp10 0.829510129 | 0.5 1.3 4

This table is as follows:
* the first column contains the parameters to calibrate.

* paropt is the parameter initial guess. If NA, the values are initialized as the mean of parmin and parmax (if
both are defined). Else, initialized as 0.
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e parmin is the minimum possible value of the parameter
* parmax is the maximum possible value of the parameter

» parphase is the calibration phase in which the parameter will be calibrated. If NA, the parameter is not calibrated.

Hint: Here, the table format do not matter since this table will be read by the user prior to run the calibration. However,
it is recommended to keep this format.

In this example, all the parameters except the q.spX ones, are OSMOSE Java parameters. The q. spX parameters can
be viewed as “capturability indexes”. Since observation datasets may not be on the same spatial scale as model outputs
(survey zone, etc.), this index is used to convert Osmose outputs into observational dataset.

Danger: The names of the OSMOSE Java calibrated parameters must be properly set, in order to be insure that
they will be used by the model.

4.5 Create the calibration script

The next step is to write the calibration script, which is the main script to execute to run the calibration.

The sample script used to calibrate the [HLS+16] configuration, provide in the osmose package. is detailed below.

Danger: All the files and script provided in the package are built for the calibration of the reference config-
uration. They should never be used to calibrate another configuration.

4.5.1 Library and function loading

Load the libraries and source the runModel .R file (which must be written by the user, see Section 4.6).

rm(list=1s(Q))
require("osmose")
require("calibrar")
require("doParallel™)

# Recovering of the runModel function associated with the reference.
—sconfiguration

dirin = getwd(Q)

filename = file.path(dirin, "runModel.R")

source (filename)
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4.5.2 Define your likelyfood functions

The user has the possibility to define its own likelyhood function. For instance:

# creates a user defined likelyhood function
minmaxt = function(obs, sim) {
output = -le+6*sum(log(pmin((sim+1)/(obs[, 1]+1), 1)), na.rm=TRUE) +
le+6*sum(log(pmax((sim+1)/(Cobs[, 2]+1), 1)), na.rm=TRUE)
return(output)

Warning: The function name must match the name of the type column in the calibration settings (see Table 4.4)

4.5.3 Read calibration information

The next step is to read the calibration informations (see Table 4.4). This is done by using the

calibrar: :getCalibrationInfo function.

# reads calibration informations

calib_path = dirin

calib_file = "calibration_settings.csv"

calInfo = getCalibrationInfo(path=calib_path, file=calib_file)

4.5.4 Read observation datasets

The next step is to load the observation datasets by using the calibrar: :getObservedData function.

# loads the observed data (path is the data directory path,
# data.folder is the data directory name)
observed = getObservedData(calInfo, path=calib_path, data.folder="DATA")

4.5.5 Load the calibrated parameters

Load the calibrated parameters (see Table 4.5).

In this example, the reading of the parameters is done as follows:

# load calibration parameters
param_to_calib = file.path(dirin, "parameters_to_calib.csv")
calibData = read.csv(file=param_to_calib,

header=TRUE,

sep=",",

row.names=1)

Warning: Since the format of this file is free, the user must insure that it is properly read.

4.5. Create the calibration script
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4.5.6 Create objective function
The next step is to create the objective function, by using the calibrar::createObjectiveFunction function. It’s
arguments are:

* runModel: the function that is used to run the model (which must be created by the user, see Section 4.6)

e info: the calibration information (output of the calibrar: :getCalibrationInfo function)

* observed: the observed datasets (output of the calibrar: :getObservedData function)

* aggregate: if TRUE, a scalar value is returned by using the aggFn.

* aggFn: the aggregation function. Default is a weighted sum (the weights being provided in Table 4.4).

e the last arguments are the additional arguments of the runModel function (in this case, the names arguments)

# create an objective function

# additional arguments to the runModel function

# are provided here.

objfn = createObjectiveFunction(runModel=runModel,
info=calInfo,
observed=observed,
aggFn=calibrar:::.weighted. sum,
aggregate=FALSE,
names=row.names(calibData))

4.5.7 Run the calibration

Finally, the calibration is run by using the calibrate function.

control = list(Q)

# control$maxgen = c(2, 2, 2, 2) # maximum number of generations (former gen.max.
< parameter)

control $maxgen = 2 # maximum number of generations (former gen.max parameter)
control$master = "gog" # directory that will be copied

control$run = "RUN" # run directory

control$restart.file = "calib_restart" # name of the restart file

control $REPORT = 1 # number of generations to run before saving a restart
control$parallel = TRUE
control$nCores = 2
control$popsize = 15 # population size (former seed parameter)

cl = makeCluster(control$nCores)
registerDoParallel(cl)

# send the variables and loaded libraries defined in the above to the nodes
clusterExport(cl, c("objfn", "calibData", "calInfo", "observed", "minmaxt"))
clusterEvalQ(cl, library("osmose"))

clusterEvalQ(cl, library("calibrar"))

call = calibrate(calibDatal[ 'paropt'], fn=objfn, method='default',
lower=calibData[ 'parmin'], upper=calibData[ 'parmax'],

phases=calibDatal[ 'parphase'], replicates=1, control=control)

stopCluster(cl)
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The arguments are:
* the parameter initial guess
» fn: the objective function

* method: the optimiziation method. The default method is the Adaptative Hierarchical Recombination Evolu-
tionary Strategy (AHR-ES)

* lower: the lower parameter bounds

* upper: the upper parameter bounds

* phases: the calibration phase at which the parameters are estimated.

* replicates: the number of replicates (i.e the number of times the runModel function will be called).

e control: additional arguments stored in a list (see Table 4.6).

Table 4.6: Elements that can be put in the control argument list

Op- | Description
tion
maxit | Maximum number of executions of the objective function.
max- | Maximum number of generations

gen

pop- | Population size

size

par- Boolean, TRUE in order to activate the parallel execution of the optimization.
allel

ncores| The number of cores available in the parallel cluster for the active session. If parallel=TRUE, the default
is to get the number of cores of the system.

run An optional folder path to create all the temporary folders needed to run the simulations for each parameter
combination tested by the optimization algorithm. The folders are recycled every generation

mas- | An optional folder path. All the contents of the designated folder will be copied to each temporary folder.
ter
RE- Number of iterations after saving a new restart object, which contains all the information necessary to restart
PORT| the calibration at that point. The default is NULL, and no restart files are created.

restart.filéilename for the restart file to be created.

In the above example, calibration for each population will be performed in a RUN directory. For each population, a
RUN/iX will be created, which will be the working directory in which the runModel function will be called.

The master directory (containing the calibration-parameters.csv and config.csv configuration files) will be
copied in all the RUN/iX directories.

Hint: For OSMOSE calibration, you can control the number of replicates either through the replicates argument,
or by setting the OSMOSE Java parameter simulation.nsimulation.

Note: Either maxit or maxgen must be provided. If maxit is provided, maxgen is computed as

maxit

replicates X popsize
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Warning: Since the OSMOSE model is stochastic, gradient base methods are innappropriate. The only method
compatible with OSMOSE are AHR-ES.

4.5.8 Running calibration in parallel

Because the calibration process is time and resource consuming, it is highly advised to run the calibration in paral-
lel. This is achieved by setting the control$parallel = TRUE and by initializing the cluster priori the call to the
calibrate function.

Furthermore, the content that is used in the calibration (calibration data, likelyhood functions, packages) must be
exported to the cluster. This is done by using the clusterExport and clusterEvalQ functions. The calibrate.R
file must be edited as follows:

TRUE

control$parallel =
=2 # default value is the available number of cores

control$nCores

cl = makeCluster(control$nCores)
registerDoParallel(cl)

# send the variables and loaded libraries defined in the above to the nodes
clusterExport(cl, c("objfn", "calibData", "calInfo", "observed", "minmaxt"))
clusterEvalQ(cl, library("osmose"))

clusterEvalQ(cl, library("calibrar"))

call = calibrate(calibDatal[ 'paropt'], fn=objfn, method='default',
lower=calibData['parmin'], upper=calibDatal'parmax'],

phases=calibDatal[ 'parphase'], control=control, replicates=2)

stopCluster(cl)

Danger: The way to run R in parallel depends on the calculation platform used!

Caution: The cluster must be closed after the calibrate function.

4.6 Creation of a runModel function

The next step is to create a runModel function, the purpose of which is to preprocess parameter files, run OSMOSE
Java Java and postprocess the outputs.

The runModel function used to calibrate the [HLS+16] configuration is detailed below.

Danger: This runModel.R script is built for the reference configuration and must not be used to run other
configurations. It must be adapted by the user.
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4.6.1 Function arguments

This function should be adapted by the user. It must take at least two arguments:
¢ the array of calibrated parameters (param arguments)

* the names of the calibrated parameters (names arguments)

runModel = function(param, names, ...) {

4.6.2 Writes the calibrated parameters in the CSV file

The first step is to write the calibrated parameters in the calibration-parameters.csv file (that will be located in
the master directory):

# set parameter names
names(param) = names

# writes the calibrated parameters into a CSV file

# following Osmose format. The parameters in this file

# will overwrite the Osmose parameter

write.table(param, file="calibration-parameters.csv'", sep=";",
col.names=FALSE, quote=FALSE)

Danger: The file format must be consistent with the expectations of OSMOSE Java.

4.6.3 Run OSMOSE Java

The next step is to run the OSMOSE Java program. This is done by using the osmose: : run_osmose function:

# defines the user directory
outdir = "output"

cat("0@OCEEAEACEACCACCACCAACAACAACCACCACCACEAEEEAEE ", getwd(), "\n")

# run Osmose Model
run_osmose (input="calib_config.csv",

Here, the input argument is the calibration configuration file used by OSMOSE Java. In this case, itis calib_config.
csv, which includes the calibration-parameters.csv and the osm_all-parameters.csv (see Table 4.1).

4.6.4 Process OSMOSE Java outputs

The last step is to process OSMOSE Java outputs, so that they fit the observation time series (see Section 4.2).

The reading of OSMOSE Java outputs is achieved by using the osmose: : read_osmose function.

verbose=TRUE, clean=TRUE)
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Since biomass and yields obervations are on yearly time-scales, the monthly simulated biomass and yields must be

yearly integrated:

data = read_osmose(path=outdir)

# extract the biomass and yields variables (monthly data).
# expectes = TRUE to average over the replicates
osmose.biomass = get_var(data, "biomass", expected=TRUE)
osmose.thresholds = get_var(data, "biomass", expected=TRUE)
osmose.yields = get_var(data, "yield", expected=TRUE)

# define a year factor for yearly integration of biomass

# from monthly biomass

biomassDim = dim(osmose.biomass) # dims=(time, species, replic)
ntime = biomassDim[1] # nyears * 12

nspecies = biomassDim[2]

nyears = ntime / 12

years = factor(rep(l:nyears, each=12))

# Integration of monthly values into yearly values
# here, tapply is applied on dimension 1 (i.e. time)

Finally, the output must be converted into a list, whose elements’ names must be consistent with the observation

names (variable column in Table 4.4).

osmose.yields = apply(osmose.yields, 2, tapply, years, sum)

output = list(# Biomass

OctopusVulgaris.biomass = param["qg.sp0"]*osmose.biomass[,
—"0OctopusVulgaris"],

MelicertusKerathurus.biomass = param['q.spl"]*osmose.biomass[,
—"MelicertusKerathurus"],

MetapenaeusMonoceros.biomass = param['q.sp2"]*osmose.biomass[,
- "MetapenaeusMonoceros"],

TrachurusTrachurus.biomass = param['"qg.sp3"]*osmose.biomass[,
—"TrachurusTrachurus"],

SardinaPilchardus.biomass = param['"qg.sp4"]*osmose.biomass[,
—"SardinaPilchardus"],

SardinellaAurita.biomass = param["qg.sp5"]*osmose.biomass[,
—"SardinellaAurita"],

EngraulisEncrasicolus.biomass = param['q.sp6"]*osmose.biomass[,
—"EngraulisEncrasicolus"],

DiplodusAnnularis.biomass = param['"qg.sp7"]*osmose.biomass[,
—"DiplodusAnnularis"],

MustelusMustelus.biomass = param['"qg.sp8"]*osmose.biomass[,
—"MustelusMustelus"],

MerlucciusMerluccius.biomass = param['q.sp9"]*osmose.biomass[,
—"MerlucciusMerluccius"],

PagellusErythrinus.biomass = param["q.spl0"]*osmose.biomass[,

—"PagellusErythrinus"],
# Landings
OctopusVulgaris.landings

osmose.yields[, "OctopusVulgaris"],

MelicertusKerathurus.landings = osmose.yields[, "MelicertusKerathurus

=1,

(continues on next page)
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(continued from previous page)

MetapenaeusMonoceros.landings

‘*’”] y
TrachurusTrachurus. landings
SardinaPilchardus.landings
SardinellaAurita.landings

EngraulisEncrasicolus.landings

:‘)H] s
DiplodusAnnularis.landings
MustelusMustelus.landings

MerlucciusMerluccius.landings

~"1,
PagellusErythrinus.landings
# Thresholds
OctopusVulgaris.thr
MelicertusKerathurus.thr

—"MelicertusKerathurus"],
MetapenaeusMonoceros.thr

- "MetapenaeusMonoceros"],
TrachurusTrachurus. thr

7,
SardinaPilchardus. thr
~"7,
SardinellaAurita.thr
<4,"] s

EngraulisEncrasicolus.thr
—"EngraulisEncrasicolus"],

DiplodusAnnularis.thr
="1,

MustelusMustelus.thr
-1,

MerlucciusMerluccius.thr
—"MerlucciusMerluccius"],

PagellusErythrinus.thr
-]

)

osmose

osmose

osmose

osmose

osmose

osmose

osmose

osmose

osmose

osmose
osmose

osmose

osmose

osmose

osmose

osmose

osmose

osmose

osmose

osmose

.yields[, "MetapenaeusMonoceros

.yields[, "TrachurusTrachurus"],
.yields[, "SardinaPilchardus"],
.yields[, "SardinellaAurita"],
.yields[, "EngraulisEncrasicolus

.yields[, "DiplodusAnnularis"],
.yields[, "MustelusMustelus"],
.yields[, "MerlucciusMerluccius

.yields[, "PagellusErythrinus"],

.thresholds[,
.thresholds[,

.thresholds[,
.thresholds[,
.thresholds[,
.thresholds[,
.thresholds[,
.thresholds[,
.thresholds[,
.thresholds[,

.thresholds[,

"OctopusVulgaris"],

"TrachurusTrachurus
"SardinaPilchardus

"SardinellaAurita

"DiplodusAnnularis

"MustelusMustelus

"PagellusErythrinus

4.7 Run the calibration

When everything is ready, run the calibration as follows:

R CMD BATCH calibrate.R

4.7. Run the calibration
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CHAPTER
SIX

MISCELLANEOUS

6.1 Datarmor use

6.1.1 Package loading

In order to use the osmose and calibrar R packages on Datarmor, the first step is to load the R module as follows:

module load R
module load nco

The following modules will be loaded:

Currently Loaded Modulefiles:

1) nco/4.7.1_conda 4) impi/2017.2.174
2) intel-cc-17/17.0.2.174 5) intel-cmkl-17/17.0.2.174
3) java/1.8.0 6) R/3.4.3-intel-17.0.2.174

Warning: The nco module must be loaded in order to use the R ncdf4 library.

The second step is to define where the libraries are located. In order to avoid multiple copies, a possibility is to use the
R libraries that have been built in Nicolas Barrier’s home. This is done as follows:

# CSH users
setenv R_LIBS_USER /homel/datahome/nbarrier/libs/R/1ib

# BASH/SH users
export R_LIBS_USER=/homel/datahome/nbarrier/libs/R/1lib

To test whether the libraries are found, run R and types:

library("osmose")
library("calibrar")
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6.1.2 Running parallel R programs

Running parallel R programs in Datarmor can be achieved in multiple ways (see the examples in /ap-
pli/services/exemples/R/).

Running on multiple nodes (MPI)

To run the calibration on multiple nodes, the calibration must be run by using the RIPISNOW program. The calibration
is run by using the following PBS file:

#!/bin/csh

#PBS -q mpi_2

#PBS -1 select=2:ncpus=28:mpiprocs=14:mem=125g
#PBS -1 walltime=24:00:00

cd $PBS_O_WORKDIR
echo $HOST
pbsnodes $HOST

# recovering the number of MPI processes (here, 2 * 14 = 28)
setenv mpiproc "cat $PBS_NODEFILE |wc -1°

# load the R libraries

source /usr/share/Modules/3.2.10/init/csh
module load R

module load nco

# set the path of the osmose/calibrar libraries
setenv R_LIBS /homel/datahome/nbarrier/libs/R/1ib

# Run R in parallel mode.
time mpiexec -np $mpiproc /appli/R/3.3.2-intel-cc-17.0.2.174/1ib64/R/library/snow/
—RMPISNOW --no-save -q < calibrate_MPI.R >& ea.out

Hint: It is possible to use BASH instead of CSH. However, it is highly advised to use CSH, since it is the default
Datarmor shell.

When using RMPISNOW, the parallel library that must is used is the doSNOW package. As a consequence, the calibration
script must be modified as follows:

# Need to load the doSNOW package, which is
# installed in Nicolas Barrier's home
require("doSNOW")

# call the RMPI/Snow make cluster (note here that there are no arguments!)
cl <- makeCluster()

# call the registerDoSNOW function instead of the registerDoParallel
registerDoSNOW(cl)

# send the variables and loaded libraries defined in the above to the nodes

(continues on next page)
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clusterExport(cl, c("objfn", "calibData", "calInfo", "observed", "minmaxt"))
clusterEvalQ(cl, library("osmose"))
clusterEvalQ(cl, library("calibrar"))

# run the calibration

call = calibrate(calibDatal[ 'paropt'], fn=objfn, method='default',
lower=calibData['parmin'], upper=calibData[ 'parmax'],
phases=calibDatal 'parphase'], control=control, replicates=1)

# stop the cluster
stopCluster(cl)

The main differences between this R script and the one described in Section 4.5.8 are:
e require("doSNOW") instead of require("parallel™)
* No arguments in the makeCluster function

¢ registerDoSNOW instead of registerDoParallel

Running on a single node

To run the calibration in parallel on a single node (for instance on a Shared Memory machine), the doParallel library
is used. In this case, the PBS file is as follows:

#!/bin/csh

#PBS -q omp

#PBS -1 select=1:ncpus=28:mem=120g
#PBS -1 walltime=24:00:00

cd $PBS_O_WORKDIR
echo $HOST
pbsnodes $HOST

# load the R libraries

source /usr/share/Modules/3.2.10/init/csh
module load R

module load nco

# set the path of the osmose/calibrar libraries
setenv R_LIBS /homel/datahome/nbarrier/libs/R/1ib

# run R in parallel mode
time R --vanilla < calibrate_OMP.R >& ea.out

The calibrate.R script must be modified as follows:

# With OMP, you need to load the doParallel library
require("doParallel™)

# Initialisation of the cluster.
# BE SURE THAT THE NUMBER OF CORE HERE IS
# CONSISTENT WITH THE NUMBER OF YOUR PBS FILE

(continues on next page)
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cl <- makeCluster(control$nCores)

# register the doParallel so that for each is activated
registerDoParallel (cl)

# send the variables and loaded libraries defined in the above to the nodes
clusterExport(cl, c("objfn", "calibData", "calInfo", "observed", "minmaxt"))
clusterEvalQ(cl, library("osmose"))

clusterEvalQ(cl, library("calibrar"))

# run the calibration

call = calibrate(calibDatal[ 'paropt'], fn=objfn, method='default',
lower=calibData['parmin'], upper=calibDatal'parmax'],
phases=calibDatal[ 'parphase'], control=control, replicates=1)

# stop the cluster
stopCluster(cl)

The main difference between this R script and the one described in Section 4.5.8 is:

e require("doParallel") instead of require("parallel™)

Danger: The number of cores defined in the .pbs file (ncpus) must be consistent with the value in the
control$nCores parameter.

Running on a single core (sequential)

To run R in parallel on a single core (i.e. in sequential), the PBS file must be as follows:

#!/bin/csh
#PBS -1 walltime=24:00:00
#PBS -1 mem=1g

cd $PBS_O_WORKDIR
echo $HOST
pbsnodes $HOST

# load the R libraries

source /usr/share/Modules/3.2.10/init/csh
module load R

module load nco

# set the path of the osmose/calibrar libraries
setenv R_LIBS /homel/datahome/nbarrier/libs/R/1ib

# Run R in parallel mode.
time R --vanilla < calibrate_SEQ.R >& ea.out

In this case, no parallel libraries need to be loaded. Hence, the script described in Section 4.5 can be used without any
modifications.
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