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Foreword

The Virtual Ecology Workbench (VEW) is a software tool that makes it easy
for biological oceanographers to create one-dimensional mathematical
simulations of the plankton ecosystem in a mid-ocean mesocosm. It uses the
Lagrangian Ensemble metamodel (Woods 2005), which computes emergent
demography and biofeedback from individual-based models comprising
phenotypic equations for the biological functions of each species in the
modelled plankton community. The mathematical simulations created by the
VEW are globally stable; each adjusts to an attractor that is independent of
initial conditions (Woods et al 2005). That makes such simulations useful for
What-if? Prediction.

The Virtual Ecology Workbench is designed to be used by scientists who have
no skills in computer programming; the VEW automatically writes Java code
from phenotypic equations written in familiar form. Nor does the user need to
be skilled in ecosystem modelling: the VEW automatically manages such
tasks as chemical budgeting.

The Virtual Ecology Workbench empowers:

the marine biologist to explore the ecological consequences of
phenotypic equations derived from laboratory experiments

the biological oceanographer to test hypotheses framed to explain
observations at sea.

the university teacher to prepare demonstrations and student
exercises on the paradigms of biological oceanography.

The Lagrangian Ensemble metamodel used in the VEW provides a mature
method for applying individual-based modelling to plankton ecology. It
computes as emergent properties the two quintessential properties of
ecosystems: demography of each species, and biofeedback to the
environment. To do so the simulations describe the life history of every
individual plankter in the virtual ecosystem. That is done by agent-based
modelling, in which each computer agent behaves like an individual plankter,
while carrying information about a dynamic sub-population of identical
plankters. Every plankter in the ecosystem is contained in one of these sub-
populations. The accuracy of the emergent demography and biofeedback
depends on the number of agents used in the computation. The number is
controlled automatically by splitting and merging sub-populations according to
the user’s specification.
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A virtual ecosystem created by the LE metamodel features all the emerge
properties simulated by classical population-based modelling, including
profiles of environment variables and the demography of each population. It
also features properties that classical modelling cannot produce, notably the
life history of every plankter in the virtual ecosystem, extending through the
generations for each lineage. These life histories provide the ultimate
diagnostic information for explaining features in the environment and
populations in terms of the basic laws of physics, chemistry and biology
contained in the model equations.

The Lagrangian Ensemble metamodel has been refined over thirty years. The
R&D programme has resolved all the challenges posed in attempting to
simulate a plankton ecosystem in which the actions of individual plankters
combine to modify the demography of each population and the physics and
chemistry of the environment as the simulation proceeds. The capability of the
LE metamodel has been demonstrated across a wide range of applications,
including:

re-analysis of the key paradigms of biological oceanography, for
example revising Sverdrup’s (1953) description of the onset of the
spring bloom to take account of the diurnal thermocline;

geographically-Lagrangian simulation showed how the geographical
zone of permanent oligotrophy is created by the ecosystem drifting into
the region where annual heating by the sun exceeds cooling to the
atmosphere.

natural selection among competing species to reveal, as emergent
properties, the ranking of competitive advantage, best-fitted species,
and extinction times;

demographic consequences of infection by viruses, with explicit
simulation of the viruses as they pass between the water and host
plankton;

mutation of parameters in the phenotypic equations describing the
biological functions of plankton with transmission through lineages
spreads biomass through multi-dimensional parameter space, where
natural selection reduces the abundance of alleles that are poorly fitted
to the ecosystem.

John Woods, April 2007
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Information about this version: VEW 3.3

Listed below are the significant changes from the last published version of the VEW, which
was version 3.1. In short, two major updates have occurred since then; the first (VEW 3.2)
allowed jobs to be launched on remote computers using secure shell. This was created for,
and tested on Imperial College’s CX1 cluster, and should be customisable for any cluster that
supports Java, a suitable job queue, and SSH access. VEW 3.3 includes a substantially
improved version of the LiveSim model visualiser. In more detail, the difference between VEW
3.3 and VEW 3.1 are as follows.

Added mixed-layer average number of agents as an option in particle manager.

Added facility to initialise taller (more than 500m) mesocosms in initial conditions
panel. Turbocline will therefore be able to go deeper without causing exceptions.

Added facility to optionally reset chemical recycling statistics after each recycling
event.

Added a method for adding temperature events in a way that affects the model rules,
but does not cause other consequences to the physics of the column (eg, the
turbocline compensating for the temperature change.

Also events that change over depth can now include an interpolated change, allowing
for example shallower water to be affected by a single event more significantly that
deeper water.

Output options now allow logging of ingested chemistry — for mesocosm, field plots
and ambient audit trail data. You can log which chemical was ingested by a
species/state, and optionally from which species/state the chemical was ingested.

New job launching interface supports SSH, with user-customisable scripts. Progress
monitoring and job control is supporting both locally, and remotely.

As part of the above interface, the maximum memory (heap size) can now be
customised for both local and remote jobs.

LiveSim completely rewritten with tab-panels to organise the different variables, which
for some models were numbering thousands of variables. Additionally a new vertical
depth graph, including scale (automatic or customisable), and customisable depth
range is now available, offering many more graphs than previously available. These
graphs may be compound like analyser (eg, summing the concentration of a number
of stages).

Various improvements to the format of Analyser graphs exported in CSV format.

New library used for Analyser exports in PostScript format, which now works reliably
on MAC.

Analyser progress windows are now fixed so they don't persist after 100% on MAC
and Linux.

A number of other minor interface glitches have been resolved, and many more
performance tweaks for the compiled simulation. Additionally, the code is now entirely
generated by the system, rather than by using a default kernel and a linker. This
gives room for more advanced optimisation in the future.
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1. Introduction

This handbook describes each section of the main interface of the Virtual Ecology
Workbench, version 3.3, December 2007. It covers the processes required starting from
species builder, and finishing with launching the job. Each section consists of an overview to
that component of the VEW — experienced users may find everything they need in this
summary. Following that are instructions detailing how to perform particular common tasks for
that section. But first, some instructions regarding installation of the VEW.

1.1 Installation Notes for Windows

For this section, it is assumed that you have already obtained the latest version of the VEW,
and unzipped it into a directory. Please contact us to get the latest version, and the large
accompanying data files, which cannot be downloaded at this stage.

1.1.1 Downloading and Installing Java (JDK)

VEW will run on any Java platform from version 1.4 onwards, but we recommend
always using the latest version of the Java Development Kit, (JDK), from Sun. At
December 1% 2007, the latest version is 1.6.0, update 3, available from
http://java.sun.com, then click on “Java SE". Versions are available for all versions of
Windows since Windows 2000, and special 64-bit versions are available if you have
64-bit hardware, and either Windows XP-64, or Vista. Java is supplied for Windows
with a simple automatic installer, which will not require any settings changed for a
successful install. After installing Java, there are a couple of extra steps required to
enable the VEW to run.

1.1.2 Adding Java to the System Path

VEW needs your system to know Frssms B conivolponcl [
where to find some critical Java files ) seareh Y Nwormnm Language ..  Ca
— unfortunately, this is not done @) tepandsuppart B mree e rl ! E
automatically by the Sun installer. To 3 .. i TR 5

update the path, click on Start, 5 Lo T sl

Settings, and then Control Panel. [ tunoff computer...
Then click on the System icon. [ rare

Next, click on the Advanced tab, and then on the environment I;-

variables button. Erwiranment ¥ ariables |

variables table for a variable called “Path”,
and double-click on it to edit. If you installed
Java version 1.6.0 update 3, then you need
to ensure that C:\Program Files\Java\Jdk1.6.0_03\bin is part of this line of text. Note
that different directories are separated by semi-colons (;). This directory is the default
installation directory that the Java installer suggests.

Yariable Yalus
Path

On the next screen, look in the System —cem variabies
|V PATHERT

If there are any other entries in the path referring to older Java version, these should
be deleted, to ensure that VEW uses the latest Java version. See the notes later
regarding updating your Java version.

After that, this part is completed, and you should click OK until all the windows go
away!
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1.1.3 Enabling Java Server mode

VEW Simulations can be made to perform
considerably faster by enabling Java  server
mode. This, also unfortunately, is not possible

) Back ~ =5 B ir | /.- ) Search Folders | E

ess I..J Ci\Program Files\Javaljdkl.6.0_034jre\bin

with the default installation from Sun, but it | ) Dme —
A ) e and Folder Tasks ES IZ)client
can be very easily enabled. Use Windows
1 Rename this Folder %) artar bl

explorer to browse to the location where JDK
was installed — usually C:\Program Files\Java\Jdk1.6.0_03. Then move into the
directory called jre, then bin, and then right-click on the Server directory, and choose
HCOpyH.

Now move back three levels, and into the )g - SE 5r|/_":585rch _— ||:
directory where the Java Runtime
Environment (JRE) was installed — usually =
C:\Program  Files\Java\Jre1.6.0_03.  AQaiN, jeandrodertasks 4 oo
click in bin, and then right click and choose
“Paste”. Java will then recognise Server mode,
and the VEW will then perform well when you choose Server mode in the Job
Control section described in section 23.

ess I_;' CiYProgram Files\Javaljrel.6.0_03ibin

1 Rename this Folder ) I

1.1.4 Copy Tools.jar library to VEW.

Tools.jar is a file needed for the VEW to use Java’s own compiler, for building VEW
jobs. It needs to be copied from the directory C:\Program Files\Java\Jdk1.6.0_03\lib
into the VEW install directory, the same directory where you will find various other ‘jar’
files, such as trove.jar. Use the process for copying files described in 1.1.3.

1.1.5 Compiling and running the VEW.

The VEW needs compiling with the Java version installed on your machine. To do this
on Windows, open Windows Explorer, and browse to the directory where you
installed the VEW. Double click on the file c.bat, and the VEW will be compiled. You
will only need to repeat this step if you have updated to a new version of the VEW, or
to a new version of Java.

To run the VEW, double click on vew.bat.

1.1.6 Upgrading Java at a later date.

Java updates are released periodically — usually around 2 or 3
months apart. To ensure that the VEW is running with that version,
firstly go to Control Panel, and choose Add/Remove programs.
Locate any versions of the Java Runtime Environment (JRE),
and the Java Development Kit, and Remove them.

Nare

B 3ava(T™) 6 Update 3

Click here For suppart information.

To change this program or remove it from your computer, click Change or Remove.

|| Jawa(TM) SE Deweloprent Kit & Update 3 Size  280.00ME

Then follow the steps from 1.1.1 to install the new version of Java, making sure that
you remove any old versions from the path in section 1.1.2.
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1.2  The Front Page
=101 ]

BIOLOGY ECOLOGY

PREDICTION

frnenc-) i

Lj typlc \ ' Ecosystem
Equations’

Virtual Ecology Workbench

Plankton

Model Building

Create, import, develop and edit models.

Data Analysis

\iew results of simulations already run.

Current Jobs
Manage the jobs currently being run.

EN

When you first run VEW 3.3, you are given the menu shown above. The Model Building
section is the focus of this volume, in which we will describe the entire process of building an
executable virtual ecosystem. Having done so, we will be able to launch a job, and watch its
progress using the Current Jobs page. Having executed a job, we can analyse the results,
from the Data Analysis page. For now, we concern ourselves with building models, and
clicking on the icon, or the text for Model Building allows us to create new virtual ecosystems
from scratch, or by adapting existing virtual ecosystems.
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2. The Model Screen

LERM-ES
LERM-PS
WB
Author(s):
Model
Comments:
| New || Import |

The model chooser shows the list of models currently available to you. If you click on a model,
any provided information about the author(s), and the content of the model will appear in the
two text boxes to the right of the page. Also, having clicked a model, the buttons to open,
rename or delete the model become available. You will also be able to update the author and
comment information, which causes the Save Model Details button to become available. The
Back button returns you to the title page.

A model, for the purpose of this screen, should be thought of as a significant project. After
creating a model, you can create different versions of that model, which can be considered as
versions in development or different experiments based on the same model.

2.1  Creating a new, empty, model. nput x|
1 Click on A dialog appears IE‘ Type the name for the new model |

asking you to name the new model. [Newtiode|
Type the name for your new model, | — || — |
and click on

2. The new model will appear in the list of models. It is [LERM-ES

good practice at this stage to also type any information ~LERM-PS
about the author, and comments about the model later, "w":""'“de'

into the two text boxes provided. See the next section.

2.2 Adding or editing author information and commen ts.

1. After creating, importing (see Type the author mfommationhare.[%
later), or clickihng on a model
name, the author and comments
information appear in the text
boxes on the right. Click in these
boxes and edit the text. Type information about the model here.

Author(s):

2. You can save your changes by Model
N } Comments:
clicking on | Save Model Details
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Importing a model

1.

Renaming a model

1.

If you have been sent a model, by email for example, that was created with the
VEW, (since 3.0), you can import it into the VEW running on your computer. In
the case of models taken from 3.0, several items will require your attention over
the next few chapters, as VEW will automatically update various aspects of the
model.

To import a model, click on . A file browser
window will open, and you must locate the model to be = Lookin: | newhodel

imported; it will be called Model.xml . AT

You will then be asked to name the imported model, and
it will be added to the list, just like creating a new model.

meut x|
Select the model in the list, and click E Type the new name for the model

on | Rename | Nowort |

Type the new name for the model in | ok || Cancel |
the text box to rename the model.

Deleting a model

1.

Deleting a model will permanently remove all versions of the model, and any
results that were created within the folder for that model. Therefore, use this
button with care.

Select the model o delete x

from the list, and then click

on| Delete |. The warning IEI Really delete this model, and all versions and results?
dialog appears, and you
must confirm that you really [ ¥es || mo || cancel|
want to delete the model.

Opening a model.

1.

To open a model to view it, edit it or run jobs with it, select the model in the list
and click on . You will be taken to the version screen, described
next.
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Wes Hinsley, John Woods, Wolfgang Barkmann

This is the first complete 3.1 wersion of WE

R[] Yersion Title
1 Firstimport
Author(s):
Version
Comments:
‘ New H Import ‘
| Rename H Delete ‘

The version chooser is very similar to the model chooser. In practice, you may find it takes
several iterations of design before your model is complete, and having completed it, you may
want to create more adaptations of the model. The version page is for this purpose. As in the
model page, each version has author information, and space for comments. Versions can be
renamed and deleted, and furthermore, a version can be created based on another version.

3.1
1
2.
3.
3.2
1
2.

Creating a new version.

If you have just created or imported a model, then a first Mo

version of that model will already have been created.
Otherwise, you always create new versions based on a

previous version. Click on the version

you would like to use as a template.

Click on . A dialog appears
asking you to name the new version.

Type the name for the version and

clickon| oK

The new version will appear in the list of models. i

As before, it is good practice to
add author and comment
information for your new
version, Click in the boxes and
edit the text.

You can save your changes by
clicking on

Sawve Version Details

Yarsion Title

=

OIS
2

Type the name for the new version

Firpt import
3

X

|New\#ersinn

| OK H Cancel ‘

Author(s):

Version
Comments:

Mo

Yersion Title

Firstimpaort

Mew Yearsion

Adding or editing author information and commen ts.

Wes Hinsley, John Woods, Wolfzang Barlonann

Type inforrmation abot this version here.
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Importing a version

1.

Renaming a version.

1.

If you have been sent a VEW model, by email for example, you can also import it
into the VEW as a new version, rather than as a new model, which was
described in the previous chapter.

Click on . A file browser window will open, and
you must locate the model file to be imported; it will be = Leokin: |[fnewhlodel

called Model.xml .
[} model.xmi

The import will create a new version, which you must
name.

mput x|

Select the version in the list, and click E Type the new name for the model
on Rename |Newru10del |

Type the new name for the version in | ok || Cancel |
the text box.

Deleting a version

1.

Click on the version to be Xl

deleted, and then click on

E Really delete this version, and all associated results?
-

You will be asked to | Yes | ‘ bo ‘ ‘ fancel ‘
confirm deletion of the
version, and any results that were stored in the default locations for that version.

Opening a version.

1. To open the version currently selected, click on . This will open

the main VEW Controller design screen, where we design the virtual ecosystem.
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4. The VEW Controller Design Screen

|
© © © © © © © © ©0 © O

Edit Edit Edit Create Farticle Imit Irit Trophic: Chernical St Set Rurn
fodel Species Food-sets Track MEnager Colurin Flankton Closure Recycling Ewverts Logging Job=s

THE VIRTUAL ECOLOGY WORKBENCH 3.1

Exit

A virtual ecosystem is built in twelve stages, shown by the twelve lights on the interface.
Clicking on any of these opens that part of the VEW in the main portion of the screen. The
twelve tasks required are shown below.

No Title Description

Define the functional groups and states, and the behaviour of plankton
1 Edit Model using phenotypic rules and 8 special VEW functions. This includes the
behaviour of top predators. Also define chemicals and pigments.

2 Edit Species Define the species, separately or allometric sets.

For all ingestion rules, define predator-prey relationships, and

E Eell Feo) sl parameter values that are food-specific.

Set the start and end date of the simulation and the track for the
4 Create Track mesocosm. Also choose the data-set to use for the climate, and
preview the data-set on a world-map.

. Control demographic noise by adding conditional rules for splitting and
Particle . o :
5 merging agents, or maintaining the number of agents when handling
Manager
state changes.

Initialise Initialise the physical and chemical profiles for the column at the start

6 of the simulation, using Levitus and NOAA data as a template, where
Column .
available.
L Specify the abundance of plankton of different species, and set their
Initialise S . : o . : .
7 Plankton initial biological properties, at the beginning of the simulation, or define
the introduction of plankton at a later point (called a biological event)
8 Trophic Specify the exogenous rules for top predators — total concentration,
Closure size and depth distribution.
Chemical For experiments that require a stationary annual cycle, identify

9 X chemicals that will be lost from the mixed layer by sedimentation, and
Recycling : :
make a mathematical adjustment to return them.

For “What-if?” predictions, force changes at a given time concerning

LY SRR the chemistry throughout the mesocosm and the climate conditions.

Specify the emergent properties to log, including column totals, field
11  Set Logging data and audit trails, windowed where applicable by space and time.
Also select whether parish register (family tree) is required.

Specify random seed(s) for jobs. You can also create a batch of runs
with some parameter value varied for each. Checkpoint files can be

12 Run Jobs written which allow restarting interrupted jobs (eg, after a power-cut), or
creating a stable starting point for future runs. Finally submit the job(s)
for execution and choose where output data should be stored.
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4.1  Saving your work

VEW has a single save button, which will save all of the changes you have

made. It is good practise to do this regularly.

4.2  Grey Light

VEW automatically checks the consistency of your model. You can break the consistency in a
large number of ways. For example, if having created some species, specify that you would
like the simulation to create audit trails for one of the species, and then later you delete that
species, an inconsistency will have occurred. This will happen frequently, and VEW 3.1 will
automatically detect these. The consistency status of your model is indicated by the lights
along the bottom of the page.

Grey Lights occur in the early stages of a model, where a page is not yet available, because
there is some pre-requisite that has not yet been defined yet. In the example below, the dates
of the simulation must be specified, before various date-dependent other features can be
configured.

Edit Edit Edit Create Farticle Imit Init Trophic Chemical Job
fAodsl Species Food-zets Track tdznager Colurnn Plankton Clo=ure Recycling Events Logglng Builder

4.3  Yellow Light

The Yellow Light indicates the part of the VEW you are currently working on.

@ O 06 06 06 6 06060606000

Edit Edit Edit Create Farticle Imit Irmit Trophic Chemical Set Job
fAodsl Species Food-zets Track tdznager Caoluran Plankton Clo=ure Recycling Events Loggimg Builder

4.4 Red Light

A red light indicates a problem that requires your attention. In this example, the inconsistency
was caused by adding a new species, and VEW required a definition on the logging page, to
specify whether audit trails for that species are required. Visiting the logging page in this case
would cause VEW to fix the problem using default settings, and a warning message appears
telling you what VEW has done automatically, to repair the consistency error.

@ O © © © © © © © © 0 0

Edit Edit Edit Create Farticle Imit Init Trophic Chermical St St Job
todel Species Food-sets Track t=anager Colurmn Flankton Closure Recycling Ewerts Logging Builder

4.5  Green Light

If all the lights are all green, then your model is ready to run.

Edit Edit Edit Create Farticle Imit Init Trophic Chemical Set Set Job
fAodsl Species Food-zets Track tdznager Colurnn Plankton Clo=ure Recycling Ewert= Loggimg Builder
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5. The Plankton Community — Functional Groups

The model builder is the place where the members of the plankton community — the functional
groups — are defined. The behaviour is specified function-by-function, and within functions,
rule-by-rule. Some functional groups may be defined as “top predators”, which has a special
exogenous purpose we will see later. Additionally, the chemicals to be considered in the
virtual ecosystem are defined here, along with their pigment properties where applicable.

x
Catagories Items Functions
Functional Groups Diatom Night-time Migration =
Chemicals Copepod Reproduction -
Predator Default Pools =

Calculate Ingested Nitrogen
Newhborn mortality

[] Mark as Top Predator mm@@ mm@@@
Ammonium $Pool | - |

a]

Name Ammonium$Foal
Description Ammonium intemal pool
Type Built-in state variable
Units mhiol Ammonium

Reproduce=(if (A=A lthen 1.0else 0.0}

} §CarbonEm Crmaewl
OffspringCount=(if {1 0=Reproduce)then else 0.0)
if {(1.0=Reproduce), create(NewBormn, OffsprmgCodH'f)

Carboneqg =Gmin
AmMmoniumegq=0.0

Ar =00
Ig =0
Edit Edit Edit Create Farticle Imit Irit Trophic Chernical Job
todel Species Food-zet=s Track Manager Colurnn Flankton Clozure Recycling Events Logglng BEuilder

EDITING THE COMMUNITY (FUNCTIONAL GROUPS, CHEMICALS, PIGMENTS)

e

The screenshot above shows the main model builder interface. At the top, you select whether
you want to edit a functional group or a chemical from the “Categories” menu. Depending on
what you choose, the existing functional groups or chemicals are shown in the “ltems” menu.
Again, depending on your choice, the existing functions are shown. For functional groups, you
will also see a list of stages in the middle right, which can be used to represent growth stages,
or a range of other categorisations of a functional group. In the bottom portion of the screen,
you see a representation of the function currently highlighted.

The model builder is a large and complicated interface. Never-the-less, users can become
fluent through practise, and its current form yields certain benefits in terms of building valid
models. However, it is the oldest part of the VEW, and we have plans to improve its ease of
use and appearance while also offering further tools to assist in efficiently creating models
that do what you intend them to do.
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Creating a new functional group

1.

; « . Cat i
Click on the “Functional e ttems
Group” category unctional Groups
’ Chemicals "¢

Click on the plus symbol below the “Items”.

] 7 iy el [

The import/create screen appears. Importing functional groups is not yet fully
supported in VEW, since a master repository of functional groups has not been

created. This is planned for the future. To create a new empty functional group,

You will be asked to give a name for mput x|

the new functional group, and the
VEW will ensure that the name has Type name for new Functional Group
not been previously used. MewF G| |

| OK H Cancel ‘

The functional group will appear in
the list. Note that a stage called “Default” will automatically have been created for
you.

Adding a copy of a functional group

1.

. « . Cat |
Click on the “Functional AL ftems
Group” category unctional Groups ewFG
) Chemicals "%

Select the functional group you would like to
copy, and then click on the copy button: IE' .

L 9 e R [

You will be asked to name the mpue x|
copy of the functional group.

VEW will make sure this Please enter the name for the copy of NewFG
name is unique. Clicking OK [MewF ] |

will add an identical copy of
the functional group, with the
new name.

| 0K || Cancel ‘
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Renaming a functional group

1.

Click on the “Functional Group” Catagories L
category unctional Groups ewFG
Chemicals b

rename, and then click on . .

Select the functional gro you would like to

Al [V [ [
You will be asked to give a new .. i
name for the functional group. VEW

will ensure your new name is unique IEI Please enter the new name for NewFG
in the system.

[MewFG |
| OK H Cancel ‘

Changing the ordering of functional groups
1. Changing the order of functional catagories ltems

groups in the list makes no [Functional Grgups MewFG

difference to the model in any [Chemicals “& Copepod

respect, so this section is purely iatom

to allow you to arrange the order of functional |Flageliate

groups on screen.
2. Select the “Functional Group” category, and then

choose the functional group to move from the item list.
3. Click on the arrow icons to move the functional group up or down in the list.

Deleting a functional group

1.

Choose “Functional Groups” Catagories ltems
from the categories menu, and [Functional Groups NewFG
then select the functional group [Chemicals h Copepod
from the items list. Flagellate
Diatom
Click on the delete icon:l@. A warning dialog will
appear, asking you to confirm you want to delete m M Iﬁ EI
this functional group. x|

@ Really delete Flagellate?

| Yes H No HCancel‘

Setting a functional group to be a top predator

To set the currently selected functional group to be a top @?Ma,k as Top Predator
predator, click the box next to “Mark as Top Predator”. Later on

in the process, VEW will expect you to define the concentration, size and distribution
of that functional group, as exogenous properties.
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6. Chemicals and Pigments
X
Catagories Items Functions
Functional Groups Ammonium
Chemicals Boron
Carbon
Nitrate
[Chiorophyil
[

] Mark as Top Predator m |:| @ @ |:| D D D l:' l:'

Chemical has pigmentation? =

Tt e

EEST

Walue

300.0

36748

357 .4

LR

0.0

38v.a

412.4

0112

4125

437.45

0104

4374

4625

0.0485

4R34

4874

0.077

4874

5124

0.061

5124

537.48

0.047

5374

G625

0.041

GE2.4

h87.4

0.025

587.4

B12.53

0.035

G12.5

H37.5

0.041

G375

AE2.5

0.045

BR2.4

RR7.4

0.049

BEY.45

7124

0.034 |

Chemicals can be added, removed, copied and renamed just like functional groups can. You
can create simple functions for chemicals too, but not much of the functionality of VEW'’s rule
language is applicable to chemicals — see the later chapters on building rules. Additionally,
chemicals can be classed as pigments, in which case they have a biofeedback effect on the
physics of the mesocosm.

6.1

Creating a new chemical

1.

Click on the “Chemicals” ‘;a‘?gf’"e?ﬁ ftems
category. unctional Groups
Chemlcals[%

Click on the plus symbol below the “Items”.

] 7 iy el [

The import/create screen appears. For convenience, the chlorophyll chemical,
which has defined pigment spectra, can be imported here — details of how to do
this follow. For this example, to create a new chemical, click on .

mput x|
You will be asked to give a name for

the new chemical, and the VEW will Type name for new Chemical
ensure that the name has not been INewChem|cal |
previously used.

| OK || Cancel |

The new chemical will appear in the list, and every plankter in your simulation
inherits a variable called “NewChemical Pool”, to define how much of each
chemical the plankter contains.
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6.2  Giving a chemical pigment properties.

1.

To give a chemical properties for use in @%ﬁhﬂmicalhasﬂiﬂm&'“a‘iﬂ"?
biofeedback, firstly tick the “Chemical has
pigmentation” tickbox. The pigment display window will appear.

The biofeedback is defined by two parameters, where each varies for different
wavelengths of light. The two parameters are ¢ (Chi) (m2/mg of Pigment), and e.
The equation in the physics code that uses these two parameters is as follows:-

(1) = (/)P

This equation is computed at every depth in the water column, for each of 25
wavebands, for each pigment P. The value of P in the equation is the total of a
pigment, calculated by summing the pool of that pigment in every individual
plankter at that depth.

Select the parameter to define using the drop Chi|v e Y RS
down list. Notice that the values in the table will Chi 3000 13575 |00 =
update to show that parameter. The table shows |, l3| (3675 13876 0.0

the minimum and maximum wavelength for each 3875 4125 [o11z
band. 4125 (4375 [0.1084
4375 (4625 |0.095

i e

Edit the values of c and e, for each wave length by clicking in the “Value” column
and typing values. It is not possible to change the values for the wave length
boundaries. Notice that the graph will automatically update as you type values.

For convenience, below are the sample values for Chlorophyll, obtained by Morel
(1988) through regression analysis.

Min Max c e Min Max c e
300 357.5 0 1 662.5 6875 0.049 0.687
357.5 387.5 0 1 687.5 7125 0.034 0.62
387.5 4125 0.112 0.677 7125 7375 0 1
4125 4375 0.109 0.702 7375 7875 0 1
437.5 4625 0.095 0.702 787.5 900 0 1
462.5 4875 0.077 0.703 900 1100 0 1
487.5 5125 0.061 0.695 1100 1300 0 1
5125 537.5 0.047 0.673 1300 1500 0 1
537.5 562.5 0.041 0.65 1500 1700 0 1
562.5 587.5 0.035 0.618 1700 1900 0 1
587.5 6125 0.035 0.628 1900 2100 0 1
6125 637.5 0.041 0.65 2100 2300 0 1

637.5 6625 0.045 0.672
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6.3  Importing Chlorophyll from the archive.

1. You may find it useful to import ~atagories I
chlorophyll complete with the f:‘r'l"':t'_""?' atous
values from the table above. emn:as[%

To do this, click on the
“Chemicals” category.

ET

2. Click on the plus symbol below the “Items”.

3. The import/create screen appears. The only chemical
available in the list is Chlorophyll; click on it.

hemicals

Chluran?II

4. Clickon | hAnalyse |- VEW will check the import
causes no other problems.

5. Finally, click on| confirm |to add the default chlorophyll to your model.

Note that the import process here is a new development; its functionality and
appearance will be improved in due course.

6.4 Making a copy of a chemical

1. Click on the “Chemicals” CAtadories ftems
category. Functl_u-nal Groups Ammonium
Chemicals % Boron
Carbon
Nitrate
2. Select the chemical you would like to copy, and  |chiorophyil

then click on the copy button:

AW+ [

3. You will be asked to name  Frr x|
the copy of the chemical.
VEW will make sure this Please enter the name for the copy of Chlorophyll
name is unique. Clicking Chiaraphyl |

OK will add an identical
copy of the chemical, with
the new name.

| OK H Cancel ‘
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6.6

6.7

Renaming a chemical

1.
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Click on the “Chemicals” Catagories IENIS.
category. Fum:il_unal Groups Ammonium
Chemicals % Boron
Carbon
Nitrate
Select the functional groyou would like to [chiorophyil

rename, and then click on . .

new name for the functional

L (W] [+ b T [
You will be asked to give a mput

Please enter the name for the copy of Chlorophyil

X

group. VEW will ensure your

[chiaraphyll

new name is unique in the
system.

| OK || Cancel |

Changing the ordering of chemicals

1.

Changing the order of chemicals catagories

makes no difference to the [Functional Groups
model in any respect, so again, Chemicals%

this is purely for your preference.

Select the “Chemicals” category, and then choose

the chemical to move from the item list.

Deleting a chemical

1.

ltems

Ammonium
Boron
Carbon
Nitrate

hlorophyll

& HelE D

Click on the arrow icons to move the chemical up or down in the list.

Choose “Chemicals” from the Catagories Items
categories menu, and then [Functional Groups Ammonium
select the chemical from the C"t‘-miﬁlsk Boron
items list. Carbon
Mitrate
hlorophyll

Click on the delete icon: @ A warning dialog will
appear, asking you to confirm you want to delete

this chemical.

Select an Option

E Really delete Chlorophyll?

| Yes H No HCancel‘

AW+ [0

X
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7. An Introduction to Functions

In nature, we observe that plankton tend to be arranged in sets that have the same basic
behaviour; these sets we have called functional groups. Now, we are considering the
behaviour of each functional group, and trying to neatly separate the behaviour into a range of
functions, each of which will ideally represent a discrete physiological behaviour.

In the VEW, a function may consist of a number of rules, each of which can be compared to a
mathematical equation, or in some cases a simple program statement. Creating the rules is a
detailed process which will have several chapters devoted to it later. This section will briefly
describe the processes of creating an empty function, renaming functions, deleting functions,
making copies of functions, and some notes on re-ordering functions which, differently to the
order of functional groups and chemicals can make a difference in certain circumstances
to the meaning of your biological model.

While these functions are focussed almost entirely on plankton behaviour, you can also
create functions for chemicals, which differ substantially from plankton functions in their
nature, but the steps described in this chapter apply equally to both. The steps assume that
you have already chosen a functional group, (or a chemical), in the “Items” box, as only then
do the buttons for working with functions become available.

7.1  Creating a new function

Functions

1. Having selected the Category and
Item, the function buttons become
available. Click on the plus symbol
below the Functions menu, to add a
new function.

+

2. The import/create screen appears. Importing functions is not yet fully supported
in VEW, since a master repository of functions has not been created. This is
planned for the future. To create a new empty function, click on .

3.  You will be asked to give a name for mput [=
the new function, and the VEW will @ Type name for new Function
ensure that the name has not been [MewF unctior] |
previously used.
| OK H Cancel ‘

4. The function will appear in the list.

SECOND EDITION — DECEMBER 2007



VEW 3.3 USERS’ HANDBOOK

7.2

7.3

7.4

26/111

Adding a copy of a function

1.

Select the function you would like to  Functions
duplicate in the functions list. ewFunction

Click on the copy button: @ .

R R
You will be asked to name
the copy of the function. put x|

VEW .Wi“ .make sure this E Please enter the name for the copy of NewFunction
name is unique. Clicking OK

will add an identical copy of
the function, with the new | oK || Cancel |
name.

|NewFuncti0n |

Renaming a function

1.

Click on the function you would like Functions

to rename. INewFunction
notherNewFunction

Click on the rename button: :

Youwll be asked 10 Gve & rTESS— x
new name for the function.
VEW will ensure your new IEI Please enter the new name for AnotherNewFunction

name is unique. Click OK
to rename the function.

|An0therNewFunctiDn |

| OK H Cancel ‘

Changing the ordering of functions
1. Click on the function you would like Functions

to move. The arrow buttons will ewFunction

become available. AnotherNewFunction
2. Click on the up or down arrow as

appropriate. 0 W e [ [
3. In the section about rules, we will

discuss the implications (and sometimes the necessity) of re-ordering functions,
which, in summary, can make a difference to the behaviour of your model if the
functions being moved contain local variables , or stage changes .
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7.5 Deleting a function

1. Click on the function to be deleted. Functions
MewFunction

AnotherNewFunction

2. Click on the delete icon: @ A
warning dialog will appear, asking
you to confirm you want to delete

this function. m |:| EI @ IE
x4

IEI Really delete AnotherNewFunction?

| Yes || No ||Cancel|
7.6  Editing the rules of a function
f
1. Click on the function to be edited. Functions
MNewFunction
AnotherNewFunction

2. Click on the rule editor icon: EI

3. The rule editor appears. The process
of building rules from here will be WD m @@

described in great detail later.
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8. Stages (or States)

Before we discuss making rules, there is one more aspect which needs to be described.
Stages serve a number of purposes. Firstly, they allow you to define a functional group that
has behaviour switched on or off at particular times, when the plankter is in a certain stage, or
state. This encapsulates behaviour that changes throughout a plankter’s life, such as different
stages of growth, or periods of hibernation.

Furthermore, when we define ingestion later, we will be able to distinguish between different
stages, and preferentially feed on one stage of a functional group over another. This allows
the possibility for a “small” predator to only targeting prey that are small enough for it to eat.

When we discuss reproduction later, we will see that the offspring can be of a different stage
to the parent, hence newborns may be created with different behaviour to their parents. This
mechanism was found to also represent production of pellets very adequately, and so while
strictly speaking we wouldn’t call a pellet a “stage” of a copepod, treating it as such is
convenient, since the same procedure for creating them is required.

The same concept of stages has since been used in conceptual epidemiology studies, where
stages were added for diseased, infectious, or immune. So in general, while stages were

designed with stages of growth in mind, the same mechanism has offered a variety of
different possibilities, at the cost of slightly inaccurate terminology from time to time.

8.1 The Stage Interface

1. Select the functional group catagories

: kems
category, and a functional [Functional Groups Diatorn
group in the items menu. Chemicals "¢ opepod

Predator
) NewFG
2. The “edit stages” button

becomes available. Click it to

show the stage selection
window.

AV +rE 0

B stage Editor |
MewBarn Juvenile A e o] Imirt

o

o
OO OERECOREFCOERE) .

)
o

=
-
@
o
&

Satiation

Weighting Function
Sinking

Turbulence

Day-tirme Migration
Might-time Migration
Reproduction

Default Poals
Calculate Ingested Mitrogen
Mewhorn mortality
Fellet Remineralisation
EBecorme Adult

Increase Age

= | T e P e e = P T = | 2

(i

CIE=EE S E ==

1

CECOCORECEERERCEE

1]

-

[*]

Add Stage

| Remove Stage || Close |

On the left side of the table are all the functions in your model, and along the top
are all the stages of the functional group you selected — copepods in this
example. The scrollbars will move the table contents around without altering the
stage and function headings. The tick boxes show the current setting, in which
certain functions are switched on or off in certain stages.
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Switching functions on and off for each stage

1.

To switch a function on in a given stage, tick the . ~—T=2e | JUEnlE
box for that function and stage! i o] v
inking [ -
To switch a function off in a given stage, untick .ence [v] [v]
the box. aration v v
jration ] [v]

Adding a new stage

1.

2.

To add a stage, firstly click X

Name |New5‘[age| |

A dialog appears, where firstly you type  Base active functions on:

the name of the new stage in the text
box. VEW will in due course ensure this ‘ Add H Cancel ‘
is a unique name.

You can specify that you want the tick- Baseactivefunctions on: |All Selected |'

boxes for that stage to start either all All Selected ||

selected, none selected, or to copy the None Selected

configuration of an existing stage. Select NewBorn |

this from the drop-down box. Juvenile T
Adult

Finally, cIick to add the new 3:::;3 -

stage. Pellet |

Removing a stage

x
To remove a stage, click .
Stoge o Remove: NeNBom |~

A dialog appears, where you must select the
stage to remove from the drop down list.

‘ Remove H Cancel ‘

Note that the stage cannot appear in any reproduction or state-change rules in
your model; VEW will refuse to delete the stage until it is not in use anywhere.

Click on to finish the process.

Renaming a stage

1.

2.

To remove a stage, click : x|
- Rename sage: amente |~
A dialog appears, where you must select the

stage to rename from the drop down list, and  te: [voung| |
type the new name in the textbox.

Click on to finish the process; any

rules in the model that used this stage will automatically be corrected.

| Rename H Cancel |
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9. Writing Rules

This is the unique core of the Virtual Ecology Workbench: writing rules for the behaviour of
plankton. Most of the time spent creating a new model will be here. The language we will use
is known as Planktonica. It consists mostly of straightforward mathematical assignments, but
where special behaviour only applicable to plankton ecosystems is required, a special
function is provided. There are 8 such functions, described throughout this chapter. See
Appendix 1 for information on how to build all of these examples into test models — it requires
knowledge of the later chapters of the handbook to complete the models.

9.1

Three Golden Rules

A clear understanding of the following two points may save a lot of time debugging
later! They are necessary for the time-based Lagrangian-Ensemble simulation
method we are using.

9.1.1 Rules are timestep-Based

Every rule that you write will be executed once per plankton agent, per timestep.
VEW will not do anything subtle to your equation like multiplying it by the timestep
size without you knowing; a design decision has been made to let the user do this,
without anything implicit happening. A variable called “TimeStep” is available to tell
you the size of the timestep in hours.

For example, if you want to write an rule that contains a rate in per-second units, then
you should convert that rate to per-timestep by multiplying it by 3600 (seconds per
hour), and by Timstep (hours per timestep), to reach units of per-timestep.

9.1.2 Some variables are timestep-based

We will discuss the different variable types Planktonica offers shortly. One of the
types is a hiological property, (known in some fields as a state variable) — this is an
instantaneous property of an individual at a moment in time, such as its depth, its size
or its satiation. Typically, the purpose of a rule is to define the new value of such a
variable, as a function of its previous value, and the values of other variables, current
environmental conditions etc.

The important point to note is that the changes to these variables happen on the
timestep boundary. Consider the follow-ing two rules:-

X=P+2
Y=X+5

Intuitively, you may think that after these rules, Y is equivalent to P+7, but this is not
the case, because the value of X is not updated until the end of the timestep. What
we are really saying is this:-

X1 =P +2
Y:Xt+5

This shows more clearly that the X in the second equation is not the same as the X in
the first equation; these types of variables are called buffered — their latest value is
not ‘published’ until the next timestep. The left hand side of such equations refers to
the new value for the next timestep, whereas the right hand side refers to variables in
the current timestep.
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9.1.3 Rules are individual-based

When you write a rule, you are defining the behaviour of an individual plankter.
Internally, the system treats this as an agent representing a number of individuals, but
when you are writing rules, this does not concern you. Therefore, the rules you write
should only consider what an individual plankter “experiences”. A rule should not, for
example, require knowledge about the total amount of a chemical in the mesocosm —
a plankter would not do that, and indeed, the VEW will not permit you to write such a
rule.

There are occasional exceptions to this: the depth of the turbocline is made available
for rules, as without that it is difficult to model turbulent motion. Why not automatically
force all plankton to be moved by turbulence? Forcing this would prevent you from
writing equations that involve buoyancy, so we decided to allow use of the turbocline
in rules, as a useful exception.

Introduction to the Rule Editor

Xl
Sinking ahs L
acos r
add B
asin
atan
conditional
cos
densityAt -
1
+ Aa..| || s
] assion
[ varz_sink mul
T E var\_z
[ varv_z war:TimeStep
[ varTimeStep
Leink= I[ vaI meStep :l
4] I 2
Back Save Changes

The rule editor is shown above; in the top left is the list of rules that are part of the
function currently being edited. The highlighted rule is previewed at the bottom, and it
is shown in a tree format on the left-middle part of the screen. The currently
highlighted node of the tree is shown in the detail viewer on the middle-right of the
screen, and depending on the type of node highlighted, different options may be
available. Generally, you can click on anything in those two middle sections, to
navigate around the rule you are editing.
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The menu at the top-right of the screen is a context-sensitive menu that changes
depending on what is selected in the panel just below it; if you click on the “mul”
(multiply), the list will update to show all the possible mathematical operations that
you could replace the “mul” with, or that you could surround it with. Selecting
something in the context-sensitive menu activates the buttons below it, which can
add, replace, or surround an item selected in the middle-right panel.

The rule editor becomes simple to use with practise, so the following sections will
show how to build a range of example rules, covering all the functionality that the rule
editor has.

Example 1: A simple motion rule.

In this example, we will write a rule that updates the depth of a plankter. If it is above
the turbocline, it will take a random depth between the surface and the turbocline,
whereas if it is below the turbocline, it will sink at a constant rate. We will create a
parameter to represent the sinking rate. Assuming that you have added a function as
described in 7.1, and begin to edit it as in 7.6. It is a good idea to write the rule
roughly on paper before trying to create it in the rule editor. What we are trying to

make is this:-

zZ= if z<=turbocline, rnd(turbocline)
otherwise Z + sink_rate

]

1. Click on the plus sign towards the top-left of the screen to

addanewre. CTN— x
Please enter the name for the rule
2. You will be asked to give a name for IMotior| |
the rule.
| 0K || Cancel |
[ e
3. After adding the rule, the menu in the top right of the [@Ssian_
screen gives the possible top-level types of rule you can [2SSiandif
create. E:‘::f
divide
. « - . . . . ifthen
4. Click on the “assign” from the list, which is for simple X=Y i
kinds of rule, and then click on the plus symbol, to use pchange

add the assign to the currently empty rule.

5.  Notice the tree now shows three nodes, the parent is the

equation appear. “? Var’" means that a thus-far unspecified
variable is represented, whereas “? Num” implies a numerical
term that is so far undefined.

6. This is mirrored in the detail viewer, which

shows the “assign” title, and the “? Var” and

“? Num” for the left and right hand sides. To

set the left hand side, click on| syar |- Then
click on Q .
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7. A menu of the available [Zrreeysym—. ' x|
variables appears. As we 9 5COPE .

are setting the variable for
an assignment, this menu
shows just the variables
we can assign values to.

8. Depth, “z", is a built-in
state variable for all
functional groups. If
necessary, click on the

folder next to the State
Variables menu for the
functional group you have

¢ [ MewF G State Variahles

D Ammonium$ingested
D Ammonium$FPool

D Boranflngested

D BoronFool

D Carbonglngested

D Carbon§Fool

D Chlaraphyllflingested
[} chiorophyligPonl

D IngestedCells

D Mitrateflngested

[7) Mitrate$Poal

10.

11.

12.

made. Then click on “z".
To select the variable,

D

click on | _Chooseitem |,

Mame 4
Crezcription Crapth
Type Built-in state wariable

Notice that now the tree on L B

the left has updated,

Choose em
Add New tem

| Exit |

replacing “? Var” with
“var:z" — the variable you chose.

assign

Select from the above List

Now let's define the right hand
side. To navigate to the right-
hand side, click on “? Num”, in

[y varz
G- NL@

7 Num

the tree — the second member of
the assign statement.

The detail viewer on the middle right of the screen now displays simply “? Num” -

a numerical expression not yet defined.

To represent “if z<=turbocline”, Choose “conditional’
from the menu in the top right, and then click on the
replace icon. The tree, and the detail window will
update to show the conditional: this is function takes a
Boolean expression, and depending on whether it is
true or false, it returns one of two possible answers.

assign

[y varz IF

¢ [C] conditional
[(y 760
Cye Nuﬁr%
|__°'| 7 Mum
To edit the boolean expression first, you can
either click on the “? Bool” in the tree, or on
the “? Bool” button in the detailed window. In

either case, we will then be offered a choice
of boolean expressions in the top-right menu.

For our rule, the Boolean
expression is z<=Turbocline,
where if true, the answer is
rnd(Turbocline), but if not, the

answer given is z + sink_rate. THEN

ELSE

onditional
cos
densityAt

<

7 Bool

(2

? Num

7 Num
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The Boolean expression we want is “lessequal”. Select gréater
this in the list, and click on the replace button. greaterequal
less
; essequal
You will see that the “lessequal’ has EESE:Z neq
been added on the detail window, and T
on the tree. If you click on the newly ? ?al @
created “lessequal” node on the tree, it 0 Nuj%
will expand, so you can now see 4 Dmum _
undefined numerical terms (? Num) in ' = e
the tree :- two are for the “lessequal’ I%"ar'zd_t_ |
part, and the other two are the true/false values for the |7 L condiona
conditional. ? Cllessequall
D ? Nunk
D 7 Hum
We want to construct “z <= Turbocline”. Click on the [ 7 Num
topmost of the “? Num” items, which is the left-hand term of [3 7 Mum
the Boolean. This time, the numerical expression we want v
is a variable, so select “var” from the list in the top right .
corner, and click the replace button. varhist
varietysum
The detail window now shows two @
buttons the left one, “var” is the type — | Var dalds
you could click on this, and replace it with  some other
numerical function from the top-right list. The second button is the specific
variable selected and as we have not selected one yet, it reads “? Var”. Click on
this, and select “z” from the variable chooser, under “state variables” - just as in
step 8.
Notice that the top “? Num” has now become “z” on SCOPE
the tree. Click on the next “? Num”, and repeat the |¢ =water Calurmn Properties
previous couple of steps, choosing “var’ from the [y [rurbacine|

top right menu, clicking the replace icon. The
“turbocline” variable we want is found under “Water Column Properties”.

The Boolean part is now finished. You'll notice
as we build the rule that the equation panel in
the bottom shows the preview of what we've
done so far. There are gaps, as we haven't finished the conditional yet.

’z:(if (Z=Turbocline)then else )

Click on the next “? Num” in the tree ROt
. .. -_Iesse ual
window. This is the “then” part of IjD . L
WAL salinityAt

the conditional, which we want to [ varTubocinesin

replace with a random depth 0N ot
between 0, and the turbocline | N
depth. Select “rnd” from the list in [ 7 b Eﬁ

the top right of the screen, and
choose replace.

The detail window shows a “rnd” button, and a
‘ | 7 Num

“? Num” button, along with the expand button. Jod
Click on the “? Num”, replace it with a “var”,

and choose the turbocline as the var, as in step

17.
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22.

23.

24.

25.

26.

27.

28.

Now click on the final “? Num” in the
tree. This is the “else” part of the
conditional, which we want to
replace with “z+sink _rate”. This
expression is an addition of two

o= [ lessequal

¢ = [mal

D warTurbocline

D?Nu%

variables. Replace the “? Num” with “add” from the top-

right menu.

The add function (and also multiply, and
the Boolean functions or and and) take as
many arguments as you like, since the
order of them doesn’t matter. If we wanted
to change from “add” to something else,
you could click on the title bar, and the
top-right menu would give you options to
with which to replace the “add”.

We need to add two variables. Click on “var” in the top-right

table, and click the add button twice.

Then click on the first “? Var” — notice that
the two icons become active. There is a
delete icon, that allows you to remove
items from this addition, and the expand
button allows further editing. Click on the
expand button to edit the first “? Var”, and
as described in step 8, choose “z” as the
first variable.

The second variable in the addition is the sink_rate. We will use
this as an example of how to add a new variable — in this case, a
parameter. Click on the remaining “? Var” in the tree, and then on

wvar 7 VWar E

B Add variable |

Type/Scope

the subsequent “? Var” that appears.

This time, choose | AddNewitem |. A

screen appears asking you for details
for the new item.
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dd
asin
atan
conditional
cos
densityAt

add

ar
warhist

wvarietysum
wvarietymul
wvislrradAt

£

add ‘

? Var

7 Var

€

A i

o= [ e
o CJadd
[ varz

\/ariable Name

Description
. . Initial Val
The Type/Scope list gives the "_'a afm
available variable types. We want to Vs
create a Group Parameter — @a Variety ConcLink

D?‘li%r

Group Variable -

constant sink rate for the functional

Edit Units

ditnenzionless

group.

Cancel

Type a name and description for the new parameter.

Group Parameter

-

\Variable Name sink_rate

Description Sinking Rate

Group Variable
Group Parameter %
Local Variable
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Next type a value for the parameter. Let's use 0.2 nitial value 0.q
metres per hour as a sinking rate.

Next, we'll set the units for the parameter. Break the units into their separate
atoms — in this case, there are two components, metres, and per-hour. Click on
Edit Units to show the unit editor.

I
ol e

The unit editor has three menus | £ELISIET

at the top, which allow you to |- v |metres vm 1
choose the prefix (nano, micro,
etc), the unit, and the exponent
of the unit. Having chosen one
of these, you can add and
remove atoms. To select our i
first atom, “metres”, choose “-“
from the prefix list, “metres” from the middle list, and leave the exponent as “1".
Then click| add

ditnensionless

Bl [
]

Cancel

ES Unit Editor

The atom is added to the list, =

and the preview of the units is et FRE
shown at the bottom. Now, to -metres*1

add per hour, ensure the prefix

]1
ol

b

list shows *“-“ select “hours” —
from the middle list, and then
push the left arrow, which L2 Cancel

decreases the exponent from 1, to -1. Then click | ada |.

The units_are now done, so ——— r

press .The window trihy
now shows the units you Cancel OK
added.

Click on to finish adding the parameter. You ¢ [ ConstantParameters
must now choose the parameter from the list, under D

“Constant Parameters”. Then click on .

You have now finished this example; the complete [ assign
equation is shown in the preview window at the bottom, [ varz

and in the tree on the left. Click on | save changes |- % [ conditional

) o= ] lessegual

)z:(if {z=Turboclinejthen md{Turbocline)else (z+5iNkae)) o 3 md
9 [ add
[ varz
However, examining the rule closely, we now observe [} varsink_rate

with shock and horror that we have broken the golden
rule described in 9.1.1. Rules must be timestep based; rnd(turbocline) is fine,
however, if the agent is below the turbocline, the difference will be sink_rate,
which is in metres per hour, not metres per timestep. In the next example, we will
fix this with some simple editing.

Don't forget, when a rule is done to make sure the right stages of your functional
group will use that rule — return to chapter 8 for instructions on stages.
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Example 2: Fixing the error in Example 1.

We want to replace this:-

zZ= if z<=turbocline, rnd (turbocline)
otherwise Z + sink_rate
with this:-
z= if z<=turbocline, rnd (turbocline)
otherwise z + (sink_rate * TimeStep)

Then the rule becomes timestep-based. Consider, for example, if TimeStep is 0.5
hours, as is commonly the case with these simulations (due to assumptions of the
physics code, regarding turbulence). As sink_rate is 0.2 metres per hour, multiplying
by 0.5 hours per timestep, gives 0.1 metre per timestep, as the amount that z should
change by, in a timestep. To fix the error, we carry out the following steps.

1. Open the equation as before. The part we want to edit is |5 3zzign
the “else” condition, which is currently an addition of two [ varz
variables. Expand the tree by clicking on “conditional”, | = cangitional
and then on “add”. Then click on the “sink_rate”. o= 9 lessequal
o= rnd
o ] add
2. We will use the Rule Editor's “surround” button, to [ varz
surround the variable “sink_rate”, with a multiply [y var:sink_rate

function, and then we will include the Timestep variable
in the multiplictation. Having clicked on “sink_rate”, you should see the variable
in the detail window.

3. Click on “var”, and then choose the multiply function, | W,M‘ sink_rate ‘
“mul”, from the list in the top right corner. Now click on
the “surround item” button, just next to the replace
button. This surrounds the item selected in the
detail window, with the function chosen in the top-

right hand menu. z M@‘

¢ ] add
4. Notice how the tree has now been edited, and the “mul” [ varz

is the child of the “add”, but the parent of the “sink_rate” ¢ 3 mul
variable. Also the detail window, which used to be a [ varsink_rate
“var”, has now been replaced with a “mul”
window, and the sink_rate is one of the items
being multiplied together. [mraink:rate

ul
pow

mul

5. The next task is to add the timestep to the
multiplication. Click on “var” in the top right

menu, and click on the plus button, to add a var to the list of var .
items to be multiplied. varhist

Then click on “? Var’, | mul | E:zgls':::'

and the expand button.  [orgink rate W

Click “? Var” again on Bygr

the next screen:- —|£|
v | zvaryy € ..

SECOND EDITION — DECEMBER 2007



VEW 3.3 USERS’ HANDBOOK

9.5

38/111

6. In the Variable Chooser window, click on the “System o = systerm variabies

Variables” heading, and then click on the “TimeStep” ) d_leap
variable — this is the size of the timestep in hours. Then 0 d_\fear
click on . [ imegen]

7. The edit is now complete, and it is now a correct time-step based rule.

)z:(if (Z = Turboclingithen md{Turbocling)else (z+(5iNkae TimeStep) )

[ assign
[y varz
¢ [ conditional
o= [Jlessequal
o= Jrd
¢ ] add
[ varz
o [ mul
D] varsink_rate
D varTimeStep

8. Soclick on , and once again, ensure that this function is called
in the right stage(s) — see chapter 8.
Example 3: Nutrient uptake

In this example, we will consider a plankter that is performing uptake of ammonium.
Our rules look as follows:-

Ammoniu
rate= 1- Mool

: rate
Ammonium,, e

uptakdrate* TimestepAmmonium

In the first rule, we define the rate, which is a maximum uptake rate (raten,y), Scaled
inversely by the “satiation” of the plankter, measured by the current content of
ammonium (Ammoniumye,), divided by its capacity Ammoniumy.. The second rule
performs the uptake, using a special function. Two important point to note here:-

9.5.1 Local Variables and Ordering

We want the result of the rate variable immediately for use in the uptake equation.
This is different to the previous example, in which we used the variable z, which is a
state variable; the new value of z does not become available until the following
timestep, as described in 9.1.2. Here, we want the latest value of rate, without waiting
a timestep.

Of course, we could instead write the equation for rate directly into the uptake rule,
but this would lead to lengthy and confusing rules. Additionally, if we were to re-use
the value of rate in a number of places, it would be less efficient to repeat the
calculation many times. The modelling language therefore provides a local variable
type, which can be used to calculate a value and have it ready for use immediately.
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The important point to note is that the use of local variables is one example where the
order of functions is important. A local variable is visible throughout all of your
functions, and you must ensure that you only read that variable after it has been set.
In this example, if you take all your functions from top to bottom, and for each one
take all of its rules from top to bottom, the definition of rate must occur before (that is,
higher in the list), then the use of rate, in the uptake rule.

9.5.2 The Uptake Statement

The syntax of the uptake statement is:-
Uptake(amount to uptake per timestep, Chemical).

If our rate is in units per hour, as assumed in the rules above, we will have to multiply
the final rate by the timestep. This statement issues a request for the given chemical,
because there may be many other plankters issuing similar requests, and there may

not be enough nutrient to satisfy all requests.

At the end of the timestep, by which time 15
all the requests will have been made, v
VEW takes each plankter that made a 7Q ’

request, and considers the plankter's 16 /

trajectory. It may have visited several

layers, in which case a number of
requests in separate layers will be made, 17 /

each one scaled by the length of time the
plankter spent in that layer, as a fraction qg /
1

of its complete journey in that timestep.

For each layer, for each chemical, the 19 @ Vs
requests are summed. If supply cannot
meet demand, then every request is
scaled down proportionally, so that the
total requests will equal the amount available. The actual amount of chemical a
plankter acquired is then placed in a special variable for incoming chemical.

9.5.3 Building the Rules

The previous examples have gone into button-by-button detail and the examples from
here on are entered in a very similar way. So from here on, we’ll summarise how to
create the rules, and only mention in detail where new interfaces are encountered.

Ammoniu
rate= 1- Mool

: rate
Ammonium,, e

uptakdrate* TimestepAmmonium

Firstly, the example assumes that you have created a chemical called Ammonium —
see chapter 6 for instructions. On doing so, the variable Ammoniumg Iis
automatically created in the state variables menu — the same place as “z” in the
previous examples.
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1. For the first rule, we must create x|
param eters rate maxs and Type/Scope Group Variable -

Ammoniumy,. This was described in
9.3, step 26. Values that would
produce reasonably obvious results
could be 0.05 mMol Ammonium per
hour, and 1 mMol Ammonium, HistorySize !
respectively. We also need to create Food-SetLink
the local variable rate, which is done Edit Units dimensionless
similarly - just choose “Local Variable”
from the top menu.

Variable Name

Description

Initial Value

Cancel

2. Having created the variables, the first rule we are creating is an assignment, and
the left hand side is the new “rate” local variable. The right hand side is a multiple
of a subtraction, (sub, in the menu in the top right), and the parameter (var)

ratemax-
3. All subtractions have just two parts, to avoid
any bracketing ambiguity. The subtract here
takes an absolute value (val) and a division
e
(also a binary function); the division is of the K_/

state variable Ammoniumpe,, and our maximum
capacity parameter, Ammonium .

4. The absolute value interface is a little different.

The top title, like all such titles, allows you to | Val
replace (or surround), the value with another
function from the top-right menu. The next line |1 x10~ | < |0| >

allows you to type a value and to select an
exponent of the wvalue, using the
increase/decrease arrows. The Unit button
takes you to the unit editor as in 9.3, part 30, to
identify the units and dimensions of the value you are giving.

Unit

5. The second rule is not an assignment; instead, choose uptake, |release
from the list in the top right. The uptake interface appears. |uptake
Choose the chemical from the drop-down list, and then click on  |while
the “? Num” to set the amount — the size of the request to be
made. I_TQ

6. The rest of the rule is simple; a multiple of two
variables, the timestep, found under “System
Variables”, and the rate we created, found
under “Local Variables”.

? Num Ammonium A

9.5.4 A note about the units of chemicals.

The VEW does not force you to use a particular standard of units for chemicals. The
Levitus data set provides chemical concentrations in units of ng for each chemical,
and the VEW can import from that dataset to use as initial conditions. However, we
will see later that you can also specify your own values for the initial concentration of
chemicals, which could be in any unit you like. Therefore, in the unit editor, you can
choose units of either micrograms, or milliMols of chemicals.
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9.5.5 Updating the Chemical Pool

Note that uptake does not automatically put the chemical obtained into the pool of the
plankter that requested the chemical. The reason is that you may want to do
something particular with the chemical, without having things automatically done to it.
For example, some models may update carbon from solution, and then convert it into
different types of carbon internally — carbon lipids and proteins for example.

To allow for this kind of flexibility, the responsibility of budgeting the nutrients on the
site of the plankter, is the modeller’s, not the systems. Hence, to balance the nutrients
from this uptake rule, you need to add one further rule:-

Ammoniung,,, = Ammonium,,, + Ammoniurg..

The “incoming chemical” from uptake, (along with any chemicals gained by ingesting
other plankton that themselves contained chemical), is put in the state variable
Ammoniumigest. This is created automatically for every chemical you introduce.

If you do not include this rule, then the chemical budget will be broken; chemical will
be removed from solution, but not added to the particulate chemical.

9.5.6 Chemical concentration in solution

The simple rule described in this section did not need to ¢ [ Chemical Properties
know the ambient concentration of chemical; it requested [y lammoniumgcone]
chemical at a rate independent to the available [ BorongCone
concentration. Other rules for nutrient uptake may not be so

simple and may require the ambient (local) concentration of a chemical in order to
calculate the requested uptake rate. A variable is therefore provided under “Chemical
Properties” for each chemical in your model.

This variable is read only — because of the risk of full depletion of chemicals, the only
way you can change the concentration in solution is by asking the VEW to do it for
you, in which case it makes the changes ensuring that depletion errors do not occur.

Example 4: Releasing chemicals to solution.

Remineralisation is treated very similarly to uptake. Since it adds chemical to the
water rather than attempts to remove it, releasing chemicals does not require the
request/repair mechanism that uptake requires. However, because for the purposes
of uptake it is forbidden to write to the chemical concentration directly, the VEW
kernel provides a release statement to make this change to the ambient environment.

We still need to remember that the amount released to solution must be subtracted
from the chemical pool from which you release it. Our rules could therefore look like
this.

Ammonium,... = Ammoniung,, * releaseg,,

releas€¢ AmMmonium,,,.. Ammonium
Ammoniung,, = (Ammoniur’gOol + Ammoniurmgest)- AmMmMOoNiuM,...
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9.6.1 Using one rule to set a state variable

Remember from section 9.1.2 that some variables are buffered, or timestep-based.
Chemical pools are an example of such a variable-type. Therefore, each plankter
should only execute a rule that beings “Ammoniumg,, =" once per timestep. This
means that the update for the Ammonium Pool must include the changes from both
uptake (and ingestion), and any release of chemicals. We will see in 9.7 that growth
by division is also relevant to this.

If we were to write two rules that defined the new value for the Ammonium Pool, then
the first would be ignored, because both of them would be defining the value of the

pool in the next timestep, as a function of the pool, and other variables from the
current timestep.

9.6.2 The release statement.

The syntax of the release statement is:-

release(amount to release per timestep, Chemical).

Like uptake, the amount of chemical to be released is 15
uniformly distributed across the layers the plankter visited
while travelling from one timestep to the next, depending on 1
what fraction of the timestep it spent in each layer. 17

P

18

19 C§A

9.6.3 Building the rules

Ammonium,... = Ammoniun,, * releasg,, * Timestep

releas€¢ Ammonium,,,.. Ammonium
Ammoniung,, = (Ammoniur’g00I + Ammoniurmgest)- AmMmMOoNium.,..

The first rule is a simple assignment, where Ammonium,ease iS @ local variable, since
we want to use it immediately after assigning it. Ammonium,,, is found under state
variables, and the release4 can be a parameter — for example 0.05 mMol of
ammonium per hour. To convert from per-hour into per-timestep, we multiply by the
Timestep size in hours, found under System Variables.

The second rule is a “release” rule. It is very similar to the uptake m?:
interface, so you must choose the chemical to release from the | ..
drop-down list, and then replace the “? Num” with the amount to

release — in this case, the local variable Ammonium,ejease- |£
The third rule is an assignment. On the left hand

side is the state variable Ammonium,.,, and on the

right hand side is a subtraction of two parts; the 7Num Ammonium =
leftmost part is the addition of Ammoniumg,e, and

Amomniumingest — both state variables, and the right Q

hand side of the subtract is the local variable
Ammoniumgease- This rule combines the changes for both the chemical the plankter
gained in the previous timestep due to update or ingestion, and the chemical lost
through this release rule, which will be added to the concentration of the layers the
plankter swum through for the beginning of the next timestep.
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Example 5: Growth by Division

Two methods of reproduction are available in the VEW: division and reproduction.
The main difference is that with division, all the plankters after the division are
identical, whereas for reproduction, the offspring can be different from the parent. The
latter option is more computationally expensive, since it requires creating a new
plankton agent. As division can happen very frequently (for example in a diatom
bloom), for the sake of performance it is worth modelling division separately and more
efficiently. In this example, the individual divides once it reached a target Ammonium
content. The rules are as follows:-

Cyy = if (Ammoniung,,, > Ammoniuryy, ) : 2,else:1
if (C, = 2),divide(2)
Additionally, we will have to adjust the value of the Ammoniumg.,, because after

division, the available Ammonium should be spread between the two individuals.
Therefore, we also write:-

(AmmOﬂiU”,]oo| + Ammoniumgest)
Cdiv

Ammoniuny,, =

9.7.1 The divide statement

The  second rule

above introduces the e

divide statement. 1

When you write this e —> e

rule, considering an

individual, you are I"I c cn

stating that an

individual should

divide into ‘n’ identical individually. The system interprets this efficiently by multiplying
the sub-population size for that agent by ‘n’, so division does not cause any new
agents to be created. The syntax of the divide statement is simply:-

divide (number to divide into)

Although division is commonly splitting into two, the divide rule generically allows one
individual to divide into any number. Curiously perhaps, because of the nature of the
Lagrangian Ensemble model, this number can even be fractional, although we have
had no cause to use this flexibility as yet.

9.7.2 The ifthen statement

Notice also that in the second rule, we only divide if a certain condition is met. VEW
provides an ifthen statement for this purpose. It differs from the conditional described
in 9.3.11 (and used in the previous rule), because ifthen decides whether to do
something, rather than which value to return. It can be used to decide whether to
execute any of the statements (assign, uptake, release, divide, and those described
in the next few section), and they can even be nested (if a>b then, if c>d, then ...).

SECOND EDITION — DECEMBER 2007



VEW 3.3 USERS’ HANDBOOK
44/111

9.7.3 Building the rules

The first rule is a conditional similar to that in 9.3, part 11. We must create the Cgy
variable, which should be a local variable, since we require its value immediately. As
your model may use this fact (ie, whether the individual has divided this timestep),
make sure that your division function occurs higher in the list of functions than any
other functions that use it — see section 7.4.

Additionally, we must create the parameter Ammonium.gy,, the threshold at which
division occurs. An interesting value here could be a little less than the maximum
Ammonium content, so that division happens eventually but not immediately; try 0.95
mMol of Ammonium.

For the second rule, we create an
ifthen statement. This has a left
and right hand side; the left is a
Boolean, which we have met
before, and the right hand side is
another function, indicated by “?
Func”. Clicking on this lets |ivide &
you replace “? Func” with one |ifthen
of the statements, which in |ingest

this case is divide. pchange ‘ — ‘ ‘ —
The divide detail screen Eg
contains just the divide button,

to let you replace it with something else if you choose, and the “? Num”, which will be
replaced with the value 2, as described in 9.5.3, part 4.

The Boolean part of the ifthen statement, is a comparison between the local variable
Caiv,» and the value 2, which you create by choosing “equal” from the list of Boolean
functions.

9.7.4 Choice of functions

The third rule should be a fairly simple assignment now. However, we have
mentioned rules for the Ammoniumg, in uptake, release and cell division. As there
must only be one statement that gives a value to Ammoniumyg, Where should it be?

Perhaps the best answer is to create a new function called “Set Ammonium Pool”,
arranging it later in the list of functions than your uptake, release and cell division
functions, thus ensuring that all the local variables are assigned.

The rule is then an assignment, with the state variable Ammoniumgge On the left. The
right hand side is a divide with the local variable Cg, on the bottom, and on the top, it
is a subtraction. The left side of the subtraction is the addition of the two state
variable, Ammoniumpye (from the previous timestep), and Ammoniumiyges, @and on the
right side of the subtraction is the local variable Ammonium;eease-

9.7.5 Important note for releasing chemicals

If you have a functional group that does both cell division, and releases some
chemical, then you must divide the amount of chemical you release by the cell
division variable (ie, if you have divided into 2, you should divide the amount of
chemical remineralised by two. Or more generally in the above example, divide by
Caiv-)
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9.8 Example 6: Creating New Individuals

We will now consider the production of new individuals. In this example, we will
replace remineralisation with the production of a pellet containing the Ammonium that
would have been remineralised. The method is identical to how you would define the
production of offspring. We’'ll use a combination of the previous parts: firstly, we’ll
create a pellet stage, and then use the chemical release example, in that stage only.
We'll take a fraction of the ammonium gained by uptake in a timestep, subtract that
fraction from the new value of the pool, and put that amount into a new pellet, with the
following rules:-

AmmoniuMpgjer = AMMONIUMingest ¥ AMMONIUMgycretionfraction
If (Ammoniumpeye; > 0)

create(Pellet, 1 where
AmMmoniuMgee = AMMONIUMpgjier)

9.8.1 The Create Statement

When writing rules, we consider

individuals. The create rule e
therefore  states that an c
individual should produce ‘n’ ° — e and
new individuals of the same 1 c e
functional group, but perhaps a
nc
n

different stage. These newly
created individuals are identical
to each other both in stage, and in the values for their state variables, which may also
be different from their parent. Since all the newly created agents are the same, VEW
represents this by creating one new agent for all of the “offspring”, multiplying by the
sub-population size of the parent agent. The syntax of the create rule to be written is:-

Create(stage, number of offspring, list of assignments)
A number of individuals are created by the parent, in a given stage, and any number

of assignments may be added: these assignments define properties of the “offspring”,
as a function of the ambient environment, and the properties of the parent.

9.8.2 Building the Rules

create

Ereate

In preparation for building this |givide |
kind of rule, make sure that (ifthen
you have made the stage of |ingest
the individuals that the rule will pchange Offspring count 7 Num
create. In this example, a 2Var
stage called “Pellet” must

exist: see section 8.3. Create
a new rule, and choose
“create” from the menu.

|Pellet

IT L

Firstly, select the stage “Pellet” from the drop down list. Notice also that in the menu
in the top left part of the screen, a single entry “var” is shown. Clicking the “Add”
button adds a “? Var” to the list on the create screen, as shown above. Each of these
represents a variable of the new individual that you would like to particularly set. All
other variables of the new individual will assume equal values to those of the parent.
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We want to set Ammoniump, to a different value.
Click on the “? Var’, and expand it with the

magnifying glass icon. The detail window now shows
a “Set” dialog, which is similar to an assign. The “?
Var” button allows us to choose Ammonium, under
“State Variables”, and the “? Num” allows us to

choose a Var, and then select Ammonium,eease UNder
local variables.

set

Finally, back on the create page, the “? Num” sets the number of individuals to create,
which should be set to 1, by choosing a “Val” from the menu, as in 9.5.3, part 4.

Also remember to update the function that set the pools — instead of adding
AMMOoNiUMingest, You should add (Ammoniuminges-AMMONiuMpgjer) — S€€ 9.7.

9.8.3 More about the Set statement.

When using the set statement with create, the left hand side refers to a variable of the
individual being created, and the right hand side refers to the scope of the parent.
Hence, you can write a set rule that says:-

Ammoniumn,,
2

Ammoniung,, =

and in this context, it means that the pool of the new individual will be set to half the
value of its parent’s pool.

9.8.4 Chemical Budget reminder

Remember when setting chemical pools for new individuals that the chemical must
have come from somewhere — specifically, the parent’s pool. You must ensure that if
you create individuals that have chemicals in them, you subtract the amount per
individual, multiplied by the number of “offspring” from the pool of the parent, in order
for the chemical budget to be maintained.

Example 7: Changes of Stage

This example shows how an individual can move from one stage to another. We will
use two stages, one for “day-time mode”, and another for “night-time mode”. We will
use visible irradiance with a threshold value to determine when a stage change
should happen. Our rules are as follows:-

NightTime:

if (Visiblelrradiance> |, )changéDayTime
DayTime:

if (Visiblelrradiance< |, )chang€NightTime

The two functions will be called in different stages: it will only be possibly to change to
daytime mode if the plankter is in night-time mode, and vice versa.
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9.9.1 The Change Statement
The change statement is very simple:-
change ( Target Stage)

The change in stage happens at the end of the timestep, so the plankter will finish the
set of rules it was performing according to its initial stage in that timestep. It will
effectively change state immediately before the following timestep begins.

9.9.2 Ordering of Rules with Stage Changes

Note however that the change statement is another example that makes the order of
your rules and functions important. If you write more than one change statement, and
both get executed for one plankter, then the earlier change will be ignored, and the
latter change will be taken as the stage for the following timestep.

Ideally you should use a single state change command, which takes into account all
the potential contributors and chooses the stage the plankter should assume, if a
change is necessary. However, this can make building complex models even more
complex, so VEW does not force you to use this suggestion.

9.9.3 Building the Rules

Firstly, create the two stages, DayTime and NightTime, as described in section 8.3.
Next, you need to create two functions, CheckDayTime, and CheckNightTime. You
need two separate functions so that you can have the rules executed in different

stages. Use the stage editor to set that the
CheckDayTime function is only called when the ="+ - igntTime |
functional group is in the NightTime stage, and |checknightTime ] L]
vice versa. CheckDayTime L| Ld

Now edit the functions one by one. Each function containS ¢ = Fhysics Properties

one rule, which is an ifthen type of rule. The condition is a [ Density
greater than, or a less than, for CheckDayTime and [ Full Iradiance
CheckNightTime respectively. The variable “visible [y salinity

irradiance” in Wm is found under Physical Properties. The [y Temperature
variable |, we'll create as a parameter, set at 4 Wm-2; this D
will be the threshold above which the plankter will assume

day-time operation, and below which it will assume night-time operation.

The 