Exercise 1

Modelling Aquatic Ecosystems FS24



Who are we?

Chuxinyao (Nick) Wang (he/him), chuxinyao.wang@eawag.ch

Emma Chollet (she/her), emma.chollet@eawag.ch

We are in charge of:

* ExerCIS.eS | Don’t hesitate to ask questions and give feedback!
* Modelling project We speak English, Mandarin and French
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Who are you?

* What is your study background?

* What is your programming background?
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Goals of the exercises

* Deepen and extend the knowledge gained in the lectures through
simulation and sensitivity analysis of aquatic ecosystem models.

* Learn to implement and use models with R and extensions in the
form of packages.



Today’s agenda

* Recap of theory

* Intro to R and R Markdown
* Work on the exercise

* Break

* Intro to R package ecosim

* Work on the exercise

* Discussion of theory questions

Walensee, St-Gallen
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Define the physical environment, its variables and processes

Mixed reactor of constant volume - Epilimnion

Inputs |jl> In-box variables Ecological
Qin: Inflow —~ processes
Chpoain: Phosphate V: Volume K

Chpo4: Phosphate Growth algae

Carc: Algae Death algae

Thpo4 TaLg: Total transformation rates

BN

Output

Qout: Outflow
(with phosphate and
algae)

Write down the differential equations

dCrpor _ Qun ( ,
—— = 17 (Cporin = Ciipor ) + rarpos

dCarLc Chs
£ AN | — . ( Y : + ,j ,"
dr 1 CALC ALC




Recap — Process table,
process rates and
limitation factors




Write down the process table
* the ecological processes

e the stoichiometric coefficients
* the process rates

Write down the process rates

 limitation by substance concentrations
* inhibition by substance concentrations
* temperature/light dependence

Process Substances / Organisms || Rate
HPO4 ALG - Rt |
;3 3 ate ale expressioll
[gP/m”] [eDM/m"] D Chpore 3
- Pgro.ALG Fgro, ALG| = L Carc
Growth of algae |/(—ap aLc 1 Pgro, ALG U\‘HPOi_:ALG + C‘Hpoﬁj
Death of algae —1 Pdeath ALC Pdeath ALG | Kdeath, ALG|/CALG

Calculate the total transformation rates
* multiply the stoichiometric coefficients

with the process rates
* for each substance sum the contribution

of all processes

Replace them in the differential equations

ClCHPOg— B Qin Ci‘ Ci‘
dr — v \MinHPOIT T VHPOLT

CHPOE—

— QP ALG * Fgro.ALG 7+ = CaLc
Kypo2- ara + CHpoz-

Process Total
Table x Rates transformation rate dCare O c
= ——Calc
dt V
X[Pgro.ALGl— 1] X [Pdeath‘ALG] = I'CaLg CHPOi_ . )
+ kgro ALG % c CaLa — FgeathaLc CaLc
‘gpo?- aLc T Crpo?-
[_ apﬁALG]X[ng‘O,ALG] = TCuroa
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Code all these steps (in R), run simulations,
visualize and analyze results!

One year simulation of HPO4 and ALG concentrations Four years simulation of HPO4 and ALG concentrations
with constant driving forces with periodic driving forces (temperature and light)
C.HPO4 C.ALG “ C.HPO4 C.ALG
§ | — C.HPO4 o 7 — CALG § 7 — CHPO4 — CALG
3 o Q- N 3 27 0 HH%
R S S e :
= u :
8 0 5|0 1(;(_) 1;0 2[|)0 2;(_) 3(;0 3;0 ° 0 5|D 1(;0 1;0 z[l)o Z;O 3(;0 3;0 © 0 2[|)O 4CI)O Gfl]D 8[|)O 10|OO 14|DO 0 2[|)O 4CI)O Gfl]D 8[;0 'IOIOO '|4|DO
t t t t




Intro to R

Console:

RStudio
File  Edit Code View Plots  Session
LRI+ § -

O] MyFirstScriptR

W e~ OU A WwN

Console

VVVVVVYVYVY

Source on Save

£

Build

Go to file/function

Debug

Editor/scripts (.R):
Collection of commands
Can be edited and saved

* Lines executed by pressing “Run” or “CTRL + ENTER”

Profile  Tools  Help

~ Addins ~

# My first comment in the editor/script window

# See in which working directory I'm currently working:

getwd ()

#[set_the working directory:]
Recommended:
# Other way:

H

%

H

"Session" -> "Set working Directory” -> "To Source File Location”

setwd("C: /Users/cholleem/Documents/ModAgECOSYst/Week2_Ex1™)

#[cet help file/documentation|for a function:

7setwd

# Install a package and Tload 1it:

install.packages("ecosim™)
Tibrary("ecosim")

# Assign a value to a variable:

a<-1
(Top Level) 2

Terminal Jobs

F S3EL LNE WOrking airecLory

# Recommended:

# Other way:
setwd("C: /Users/cholleem/Documents/ModAgECosyst/Week2_Ex1")

# Get help file/documentation for a function

7setwd
# Assign a value to a variable:
a<-1

* Type commands
e Executed by pressing “ENTER”
* Where R actually does stuff

R R4.1.1 - C/Users/cholleem/Documents/ModAqEcosyst/Week2_Ex1/

"Session" -> "Set Working Directory" -> "To Source File Location”

A4

R Script &

- a X

K Project: (None) ~

Environment History Connections Tutorial

g #Import ~ | W 2samiB -+ | & List = -
R - 7k Global Environment ~
Data

param List of 10
values

a 1
Functions

rhs function (t, y, par)
Files Plots Packages Help Viewer

o Refresh Help Topic

R: Get or Set Working Directory ~  Find in Topic

getwd {base} R Documentation

Get or Set Working Directory

Description

getwd returns an absolute filepath representing the
current working directory of the R process; setwd (dir)
is used to set the working directory to dir.

Environment:

See data and values

in R memory

Viewer:

Open files
View plots
Install and load
packages
Use/see help
functions
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@ exercise_1_2022.Rmd

66
67
68

69
70
71
72
73
74
75
76
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111

140
G245

Intro to R Markdown |-

Knit on Save s "

<- list(k.gro.ALG

k.death.ALG = 0.
K.HPO4 = 0.
alpha.pP.ALG = 0.
A =5
h. epi = 3
Q.1in =5
C.HPO4.1in = 0.
C.HPO4.ini = 0.
C.ALG. ini = 0.
“{r eval=FALSE}
# definition of right-hand side of differential

rhs <- function(t,y,par)

# equation (11.8):

dC.HPO4_dt <- parfqQ. in*86400
parfalpha.pP.ALG

# equation (11.9): TO BE COMPLETED
dc.ALG_dt  <-
parfk.gro.ALG
. * w["C.ALG"]

y["C.HPO4"]

return(1ist({c(dc.HPO4_dt,dC.ALG_dt)))

Chunk 3 =

onding differential equations (11.8 and 11.9 in the manuscript) with the package “desolve’.

equations (11.8, 11.9):

(par $h. epi*parfa) *
par$k.gro.ALG *

par Q. in*86400/(parfh.epi*...)

R Markdown file (.Rmd):
Written in markdown
e Contains chunks of R code embedded by typing:

“{r}

Run current chunk:

* Press “Run” -> “Run
current chunk”

 Or “CTRL + SHIFT +
ENTER”

* Or green arrow

wewCq
FiTl Task 2- Impl2™

| 2.1 Define th...
2.2 Perform ...
Task 3: Imple...
3.0 Infroducti....
3.1 Define th...
3.2 Perform ...
3.3 Compari...
Tazk 4 Exten..

e #Hint:* Follow the structure of equation 11.8 as shown below and in the manuscript.

ment while you complete and run the following chunks.

Produce a document:

* Press “Knit” to
produce an HTML,
PDF or Word file

* |t will be saved in
your current Working
Directory

* Set “eval” to TRUE to
run the chunksi1

(paric.HPo4.in - y["C.HPO4"]) -

y["Cc.HPO4"] / (par$K.HPO4 + y["C.HPO4"]) * y["C.ALG"]

* y["C.ALG"] +
(parikK.HPO4 + y["C.HPO4"]) * ... -

R Markdown




Work on Task 2
of Exercise 1



Ecosim package

* Define a model using classes:
* Arbitrary inputs and transformation processes, Perform dynamic
* Embedded in well-mixed reactors, —  simulations, whose
» Connected by links (diffusive, advective), results can be plotted.
e All defined in a system. -
Reactor 1 Reactor 2
Link 1
Inputs > Q ’ V Q —> Qutputs

Link 2
Processes Processes



Ecosim package - Processes are defined by...

* A hame
* A process rate
e A substance specific stoichiometric coefficient

# definition of transformation processes

# growth of algae:

gro.ALG <- new(Class = "process”,
name = "Growth of algae”,
rate = expression(k.gro.ALG
“C.HPO4 /(K .HPO4+C.HP0O4)
“C.ALG),
stoich = Tist(C.ALG = expression(l), # gbM/gDM
C.HPO4 = expression(-alpha.P.ALG))) # gP/gDM

28.02.2024
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Ecosim package - Reactors consist of...

* A name

* Dimensions (height, area —> volume)

* |nitial and inflow concentrations

* Inflows and outflows
* Processes

28.02.2024

# definition of reactor

epilimnion <-
new(Class
name
volume.ini
conc.pervol.ini

inflow
inflow.conc

outflow
processes

to describe the epilimnion of the lake:

"reactor"”,

"Epilimnion",

expression(A*h.epi),

Tist(C.HPO4 = expression(C.HPO4.1in1i),
C.ALG = expression(C.ALG.ini)),

expression(Q.in*86400),

Tist(C.HPO4 = expression(C.HPO4.1in),
C.ALG = 0),

expression(Q.in*86400),

Tist(gro.ALG,death.ALG))
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Ecosim package - Systems consist of...

* A hame

* The reactors

e (Links, if there are multiple reactors)
* The parameters

([ J
T.out # definition of the system consisting of a single reactor:
system.1ll.1l.a <- new(Class = "system”,
name = "Lake",
reactors = list(epilimnion),
param = param,
t.out = seq(0,365,by=1))
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Ecosim package — Important functions

* calcres =2 performs simulation of the model described by a system
 plotres = plots and helps to vizualize all the results
* calcsens =2 performs sensitivity analyses (that can then be plotted with plotres)

A sensitivity analysis is an analysis of how sensitive the model results are to changes in the
parameter values.

The simplest way of doing this is a so called "local sensitivity analysis”, where we change
just one parameter at a time and keep the other parameters fixed, run the model and plot

and analyze the results.

More information on Ecosim in Chapter 16 of the manuscript.



Remark on object-oriented programming

Note the system contains all definitions of reactors, processes, model
parameters and the output time points.

Any simulation carried out will refer to the definitions in the system,
and not to the external variables that were used to set up the elements

of the system.

Thus, if you change a value in a process, reactor or a parameter, you
need to re-create or update the system object .



Work on Task 3 and 4
of Exercise 1



Question 1

How can you derive the total (net) transformation rate of Cyyp( 2

and Cuyc from the process table (Table 11.1) and the process rates
(Table 11.2)?

Hint: see equation (4.1) in the manuscript. What are the units?



Question 1

Process Table

Process

Substances / Organisms | Rate
HPO4 ALG

[gP/m’]  [gDM/m’]

Growth of algae
Death of algae

{*HFUE‘ ;
CaLg

Foro ALG
—QPp,ALG 1 Pgro,ALG = =7 I{HF{]E_ ALG "‘CHPU""
4 ! 1

—1 Pdeath,ALG ~ FKdeath.ALc CALG

r = Net transformation rate

np
e v = Substance-specific stoichiometric coefficients
Ty = E Vij Pi

1=1

28.02.2024

p = Process rate
J =Substance
l = Process
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Question 1

Solution:
Cp
Talg = kgro,Alg X K+ C X CAlg — kdeath,Alg X CAlg
1 gDM  gbM
[rAlg] ZEX m3 = d X m3

Cp
'p = —Qp a1g X kgro,Alg X K+ C X CAlg
gP 1 gbM — gP’

e X — X =
7] gDM d m3 dxm3




Homeworks:
* Task 5 — Sensitivity analysis
* Question 2

Don’t hesitate to send us an e-mail
if you have any questions.

Chuxinyao Wang , chuxinyao.wang@eawag.ch

Emma Chollet, emma.chollet@eawag.ch

Have a nice sunny day !
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