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Goals of the Course
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The students (you!) are able to

• build mathematical models of aquatic ecosystems that consider 
the most important biological, biogeochemical, and physical 
processes;

• explain the interactions between these processes and the behavior
of the system that results from these interacting processes; 

• implement and apply these ecological models;

• learn the key concepts of model calibration and 
the consideration of stochasticity and uncertainty.

Emphasis is on integrating knowledge in the form of models,
on their use for improving the understanding and management
of aquatic ecosystems and on their limitations.



Goals of the Exercises
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• Hands-on experience with 
model implementation, simulation, sensitivity analysis, 
and discussion of the behavior of a series of ecosystem models 
of increasing complexity 
to deepen and extend the knowledge gained in the lectures

• Gain some experience with R 
(also useful for statistical data analysis in future projects)

Emphasis is on improving the understanding of the behavior of the 
models and the aquatic ecosystems, not on programming.



Prerequisites and Time investment
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Basic knowledge about structure and functioning of aquatic ecosystems
as well as about analysis, differential equations, linear algebra and probability.

The time for the exercises will be provided during the course. 
This decreases the time for lectures and makes them quite intensive. 
You will need time between the course hours to read the manuscript.

Approximate time budget (3 credit points = 75-90 hours study time):

25-30 hours: Course attendance including supervised exercise time

25-30 hours: Reading the manuscript and preparing exercises

25-30 hours: Preparation of your own model and the oral exam.



Administrative Aspects
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Course and exercises will take place Wednesday 10:15 - 12:00 in LFW B2

Please install before the exercise:

A current version of R (http://www.r-project.org),

the editor R-Studio (http://www.rstudio.org),

and the R-package ecosim: install.packages(c("ecosim"))

Introduction to R programming:

https://cran.r-project.org/doc/contrib/Torfs+Brauer-Short-R-Intro.pdf 

Program, manuscript, exercises etc. can be downloaded from:

http://www.eawag.ch/forschung/siam/lehre/modaqecosys

https://cran.r-project.org/doc/contrib/Torfs+Brauer-Short-R-Intro.pdf


Administrative Aspects
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There will be an oral exam in the two weeks after the semester 02.-13.06.25

During the semester you will develop and implement your own model 
(in groups of two), interpret simulation results and perform a sensitivity analysis.

We will assign topics on 02.04.25.

Deadline for initial code submission: 08.05.25
Deadline for submission of R-files, results and interpretation: 23.05.25 

This is mandatory for being admitted to the exam! In the oral exam we will start 
with questions about your model before moving on to other topics. 

Use the time in the exercises to ask questions and get help! 
Don’t do it last minute.



Structure of the Manuscript
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Structure of the Course
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1. Introduction, principles of modelling environmental systems, mass balance in 
a mixed reactor, process table notation, simple lake plankton model

Exercise: R, ecosim-package, simple lake plankton model
Exercise: lake phytoplankton-zooplankton model

2. Process stoichiometry  Exercises: analytical solution, calculation with stoichcalc

3. Biological processes in lakes
4. Physical processes in lakes, mass balance in multi-box and continuous 

systems   Exercise: structured, biogeochemical-ecological lake model 
Assignments: build your own model by implementing model extensions

5. Physical processes in in rivers, bacterial growth, river model for benthic 
populations   Exercise: river model for benthic populations, nutrients and oxygen

6. Uncertainty, Parameter estimation, Stochasticity
Exercise: parameter estimation
Exercise: stochasticity, uncertainty

7. Existing models and applications in research and practice, examples and case 
studies, preparation of the oral exam, feedback





Questions?

14



Lecture 1: Goals

15



Motivation for ecosystem modelling?
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What's your motivation to learn ecosystem modelling?



Motivation for ecosystem modelling?
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chapter 1



Zonation of aquatic ecosystems
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Pelagic / Benthic Food Webs
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Imagine your favorite lake or stream...

To draw the food-web of this system, what are important organism groups 
to consider and what do they feed on?



Pelagic Food Web
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Benthic Food Web
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Transport Processes in a Lake
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Transport Processes in a River
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Principles of Modelling
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chapter 2



Principles of Modelling
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→ many (rather arbitrary) choices and assumptions!
→ model has to fit the purpose!



Principles of Modelling
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Learning with models
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Clarification of terms

Mathematical Model: Simplified mathematical description    
of a (real) system

Input variable: External influence factor, 
predictor / explanatory / independent variable

Output variable: State / response / dependent variable

Parameter: (Unknown) variable needed to relate input to output

y = ax + b

dy/dt = a*x(t)*y- b*y

x

y

a, b
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Model types

Mechanistic models (aka process-based, causal models)

• are knowledge/theory driven, 
explicitly describe mechanisms/processes to relate input and output

• parameters have a (physical, biological) meaning, are not necessarily calibrated
e.g.: individual based models, population / predator-prey / food web / community models based on ordinary 

differential equations, meta-community models, ecosystem models
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Empirical models
• are data driven, based on empirical relationship between input and output

a) Statistical models: parameters are calibrated, do not have a (physical, biological) 
meaning, still interpretable, make statistical assumptions that can be tested 
e.g. multivariate regression models, autoregressive time series models

b) Machine learning algorithms: parameters are (usually) not interpretable, 
do not make statistical assumptions, are typically perceived as "black box" 
e.g. (deep) artificial neural networks, random forests, boosted regression

Wikimedia-Commons CC BY-SA 3.0



General Mass Balance
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chapter 3.1



General Mass Balance
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General Mass Balance

32



Mass Balance in a Mixed Reactor
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chapter 3.2



Mass Balance in a Mixed Reactor
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Mass Balance in a Mixed Reactor
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Mass Balance in a Mixed Reactor
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Mass Balance in a Mixed Reactor
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Lake Phytoplankton Model
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Example 11.1

net input via in/outflow

consumption by algae

loss via outflow growth of algae

death of algae



Process Table Notation
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chapter 4.1



Process Table Notation
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Typical Elements of Process Rates
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chapter 4.2



Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Typical Elements of Process Rates
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Lake Phytoplankton Model
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chapter 11.1



Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lake Phytoplankton Model
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Example 11.1

net input via in/outflow

consumption by algae

loss via outflow growth of algae

death of algae



Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lake Phytoplankton Model
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Lecture 1: Goals
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Outlook next week
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1. Introduction, principles of modelling environmental systems, mass balance in 
a mixed reactor, process table notation, simple lake plankton model

Exercise: R, ecosim-package, simple lake plankton model
Exercise: lake phytoplankton-zooplankton model

2. Process stoichiometry  Exercises: analytical solution, calculation with stoichcalc

3. Biological processes in lakes
4. Physical processes in lakes, mass balance in multi-box and continuous 

systems   Exercise: structured, biogeochemical-ecological lake model 
Assignments: build your own model by implementing model extensions

5. Physical processes in in rivers, bacterial growth, river model for benthic 
populations   Exercise: river model for benthic populations, nutrients and oxygen

6. Uncertainty, Parameter estimation, Stochasticity
Exercise: parameter estimation
Exercise: stochasticity, uncertainty

7. Existing models and applications in research and practice, examples and case 
studies, preparation of the oral exam, feedback



Preparation for next week
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1. Install a current version of R and R-Studio and the ecosim-package
on your notebook → see Program

2. If you are not very familiar with R, do the tutorial:
https://cran.r-project.org/doc/contrib/Torfs+Brauer-Short-R-Intro.pdf 

3. Read chapter 11.1 about the first didactical model

4. Read chapters 16.1 and 16.2 about the ecosim-package.

5. Think about your open questions to ask them next week!

https://cran.r-project.org/doc/contrib/Torfs+Brauer-Short-R-Intro.pdf
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