Course title: EOTIST Standard course
Course subject: Modelling

Teacher: Antonello Provenzale

LESSON SM1.2
HOW TO WRITE AN ECOLOGICAL MODEL
- EXERCISES

EOTIST project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 952111

[H2020 WIDESPREAD-05-2020 (Twinning)]




TABLE OF CONTENTS

L. TRE SOFEWAIE ittt ettt et e s bt e e bt e sttt e bt e sa b e e s abee s beeeabeesabee e bt e s beeeneenane 1
GINU=OCTAVE ..ottt ettt ettt s e s b e s bt e bt e bt e et e ae e e b e e b e et e e b e sa st sbeesheesb e e bt ene e emeeeb e e b e e b e e reennesanesmnenee 1

A free software compatible With Matlab ..........cooiiiiiiiii e e 1
HOW 10 INSTAIl OCTAVE ...ttt st ettt e bb e e sbe e e sabe e sbe e e sanessneeesaneeneas 1

2. Atutorial for the basics of USING the SOFtWAre .....ccc.uviiiciiei e 3
THE WINGOWS ...ttt ettt ettt et e bt e bt e s bt e e bt e s b et e bt e sabe e e beeeab et e emeeebe e e sbesbeeesabeenneeesnneenees 3
TRE MANUAIS ..ottt et et e b e bt e be s aesane st saeesaeeaeenneens 4
3. WRITE SIMPLE ECOLOGICAL MOEIS ....eeueiiieiieieeieniiesiee st sttt ettt st sb e bt ste st sbeesbee bt et eneesneesbeenbeennens 4
D= o] < PPN 4

o8 =T of [T TP 4

o= o] < PPN 5

o= o] < PPN 5
EXEICISE 5 ot e 5

EOTIST project has received funding from the European Union’s Horizon 2020
v ¥ research and innovation programme under grant agreement No 952111

[H2020 WIDESPREAD-05-2020 (Twinning)]




SM1 Principles and concepts on ecosystem modelling

1. THE SOFTWARE

GNU-OCTAVE

This tutorial for the downloading and installation of Ocatve software has been edited by Fasma Diele and
Carmela Marangi. The same tutorial is recalled in the lesson SM2.2.

A FREE SOFTWARE COMPATIBLE WITH MATLAB

Octave is free software under the GNU General Public License.

GNU Octave is a high-level language, primarily intended for numerical computations. It provides a convenient
command line interface for solving linear and nonlinear problems numerically using a language that is mostly
compatible with Matlab.

Octave has extensive tools for solving integrating ordinary differential equations.

HOW TO INSTALL OCTAVE

Visit the page https://www.gnu.org/software/octave/

& C' @ httpsy//www.gnu.org/software/octave/ 2 % @@ ¢ » 0O G :

» Altri Preferiti

) GNU Octave ©@About MBugs O Donate  F Download 8 Getlnvolved B Support

) C GNU Octave

Scientific Programming Language

e Powerful mathematics-oriented syntax with built-in 2D/3D plotting and visualization
A tools

e Free software, runs on GNU/Linux, macOS, BSD, and Microsoft Windows

« Drop-in compatible with many Matlab scripts

and select ‘Download’
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) GNU Octave ©About NBugs O Donate FDownload & Get Involved Support

¥ Download

© GNU Octave 7.1.0 is the latest stable release. (Release Notes: 7.1.0)

<[> Source A GNU/Linux & macOS =2 MS Windows

Choose and select the correct framework. For example, by selecting MS Windows you will reach the page

<« C @ https://www.gnu.org/software/octave/download#ms-windows R % @@ ¢ * 0O G H

» Altri Preferiti

) GNU Octave O About Bugs O Donate X Download 2& Getlnvolved B Support

== Microsoft Windows

* Windows-64 (recommended)
e octave-7.1.0-w64-installer.exe (~ 380 MB) [signature]
e octave-7.1.0-w64.7z (~ 375 MB) [signature]
e octave-7.1.0-w64.zip (~ 660 MB) [signature]

¢ Windows-32 (old computers)
e octave-7.1.0-w32-installer.exe (~ 380 MB) [signature]
e octave-7.1.0-w32.7z (~ 375 MB) [signature]
e octave-7.1.0-w32.zip (~ 650 MB) [signature]

Download and execute the _installer.exe
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e - *m B S —.——

€_, GNU Octave - %

Welcome to GNU Octave Setup

Setup will guide you through the installation of GNU Octave.

It is recommended that you close all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

- Click Next to continue.

[ Net> | | cancel |

ORIAL FOR THE BASICS OF USING THE SOFTWARE

THE WINDOWS

) Octave - o X
File Modifica Debug Tools Finestra Aiuto Notizie
S D ) Cartella corrente:| C:\Users\fasma vl‘ =]
Gestore dei file & X Finestra dei comandi [
GNU Octave, version 7.1.0 S
C:/usersifosma NE S Copyright (C) 1993-2022 The Octave Project Developers.
~ A This is free software; see the souzce code for copying conditions.
Nome There is ABSOLUTELY NO WARRANTY:; not even for MERCHANTABILITY or
. FITNESS FOR A PARTICULAR PURFOSE. For details, type 'warranty'.
> .android
> | .arDigiSign octave was for mx86_
> M AnibaRenew Additional information about Octave is available at htcps://wiw.octa
> .comsol
o 8 Please contribute if you find this software useful.
GIMPc For more information, visit hTtps://wwd.octave.org/get-involved.html
> Jjordan
" rE— Read https://wwa.octave.org/bugs.html to learn how to submit bug rep
Amatplotl For information about changes from previous versions, type 'news’.
> .oracle_jre_usage
>>
> 1 .qgis2
> .scuolabook
Spazio di lavoro F X
Filtra []
Name Class Dimension Value Attribute
Cronologia dei comandi 8 X
Filtra []
function xdot = £ (x,t)
> xdot=-exp(-t) *x"2;
function xdot = £ (x,t)
xdot=-exp (-t) *x"2;
endfunction
x=1sode ("£",2, (t=1inspace(0,5,50) ') ;
plot (t,x)
# Octave 7.1.0, Tue Apr 12 16:56:17 2022 GUT <unknown@pcfasma>
v
< >
Finestra dei comandi  Documentazione  Editor di variabili Editor
Mostra le variabili nello spazio di lavoro attivo. Profiler & -
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THE MANUALS

A tutorial for the basics of using GNU Octave is available at
https://wiki.octave.org/Using_Octave.
Before you begin with the ODEs exercises, first read how a system of ODEs has to be implemented in Octave
The online manual at
https://octave.org/doc/v7.1.0/Ordinary-Differential-Equations.html

describes how to implement the ODEs and how to use the functions.

3. WRITE SIMPLE ECOLOGICAL MODELS

In this lesson we will build simple ecological models based on first principles

EXERCISE 1

Using an open programming language (e.g. Octave), integrate the simple logistic map:

1. The logistic map is an iterative mapping expressed as

Xn+1=4 A Xn (1-Xn)

With 0<A<l1and 0<Xn<1

Write a script in Octave to find the value of Xn+1using a (fixed) value of A and a value of Xn

Then, use Xn+1 as Xn (Xn+1-> Xn) and find a new value of Xn+1

Fix a value of A, take an initial value for X» between 0 and 1 and iterate the mapping.

Explore how the behavior changes for different values of A. Plot, in particular, Xn+1versus Xn

Discuss some of the behavior types seen for different values of A

Take a long series of iterations (at least ten thousand) of the map, and keep only the last 100. Plot such
values as a function of the A value (i.e., a point graph with the value of A on the horizontal axis and the
corresponding values of the last 100 iterations of the map on the vertical axis).

NoukwnN

8. Discuss what happens for different values of A

EXERCISE 2

Using an open programming language (e.g. Octave), integrate in time the Lotka-Volterra model. Use either a
Euler time step or a Runge-Kutta-2 time integrator. Both X and Y are functions of time.

1. The Lotka-Volterra system is:

dX/dt=X-XY
dY/dt=-bY+cXY
where c < 1.

2. Look for the fixed points, i.e. those values for which dX/dt=dY/dt=0

3. Integrate in time the system above, starting from values of X and Y that are not the fixed points.
Plot the solutions (“orbits”) in the plane X-Y, time is the parameter along the orbits. Check whether
the system can tend to a fixed point.
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EXERCISE 3

Using an open programming language (e.g. Octave), integrate in time the Rosenzweig-MacArthur model. Use
either a Euler time step or a Runge-Kutta-2 time integrator. Both X and Y are functions of time.

1. The Rosenzweig-MacArthur model is:

dX/dt=X(1-X/K)=CXY/(1+RX)
dY/dt=-bY+cXY/(1+RX)

2. Find the fixed points of the model

3. Integrate in time the system above, starting from values of X and Y that are not the fixed points.
Plot the solutions (“orbits”) in the plane X-Y, time is the parameter along the orbits. Check whether
the system can tend to a fixed point and, if yes, under what conditions.

EXERCISE 4

Using an open programming language (e.g. Octave), integrate in time the NPZ model. Use either a Euler time
step or a Runge-Kutta-2 time integrator. The variables N, P and Z are functions of time.

1. The NPZ modelis

(cil—]jzf(N,P,Z)szN—Blw%P
< + My <(1 = V)%Z+MPP+HZZIZ>
\il—f:h(N,P,Z) Eyacf—P;Z—uzZz.

2. Find the fixed points of the model

3. Integrate in time the system above, starting from values of N, P and Z that are not the fixed points.
Plot the solutions N, P and Z as a function of time, for different choices of the parameters. What types
of behavior do you see?

5. What happens if you put un=07?

EXERCISE 5

Using an open programming language (e.g. Octave), integrate in time the vegetation model below. Use either a
Euler time step or a Runge-Kutta-2 time integrator. The variables bs, b and bs are functions of time.
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1. The vegetation model is

dby

E = g1bs — #151

db

d_t? = 6252(1 —b - bﬂ) - Hﬂbﬂ

db

dif = C351(1 — by — by — 53) — pigbg — gib3 — cababg

2. Find the fixed points of the model

3. Integrate in time the above model, starting from values of b1, b2 and bs that are not fixed points.

4. Check whether the solution at long time (i.e. the values of b1, b2 and bs) for some specific values of the
parameters are consistent with the plot from Baudena et al:

10

c, (1)

I Bistability

- Coexistence

0 2 4 6 8 10
c, (1#)

5. Can you find an oscillating behavior in this model?
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