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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. Stochasticity, uncertainty, parameter estimation
Exercise: uncertainty, stochasticity

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



Goals
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• Review exercise 4 (chapter 11.4)

• Learn how to model the growth of bacteria (chapter 8.8)

• Know the most important transport and mixing processes in rivers 

and how to implement them in a model (chapter 6.1.2)

• (Preview River Models (chapter 11.5-11.6))
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Review Exercise 4
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Review Exercise 4
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suspended sedimented
degradable inert degradable / inert



Review Exercise 4
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Do you have any questions about exercise 4 (or other topics)?



Review Exercise 4
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• Look at the mass balance for P and N. If there is a difference 
between input and output + accumulation, where does it come from? 
Hint: Have a look at the stoichiometric coefficients for anoxic mineralization



Review Exercise 4
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Review Exercise 4
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Review Exercise 4
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see p. 186f
chapter 8.5

Model 11.4

concentrations at the location where mineralization happens

concentrations refer to the mixed box (= water column)
Diffusion limitation in the sediment is not modelled mechanistically.



Sediment is modelled as different discrete/continuous 
layers/depth, each with its in-situ substance 
concentrations:

𝜌𝜌miner,ox,SPOMD = 𝑘𝑘miner,ox � 𝑓𝑓temp(𝑇𝑇) � 𝑓𝑓lim(𝐶𝐶O2) � 𝐶𝐶SPOMD

𝜌𝜌miner,anox,SPOMD = 𝑘𝑘miner,anox � 𝑓𝑓temp(𝑇𝑇) � 𝑓𝑓inh(𝐶𝐶O2) � 𝑓𝑓lim(𝐶𝐶NO3−) � 𝐶𝐶SPOMD

In a more realistic model In our two-box model

Sediment is modelled as density of SPOMD at the bottom of the 
hypolimnion, with substance concentrations of this box:

𝜌𝜌miner,ox,SPOMD = 𝑘𝑘miner,ox � 𝑓𝑓temp(𝑇𝑇) � 𝑓𝑓lim(𝐶𝐶O2) � 𝐷𝐷SPOMD
𝐾𝐾SPOMD,miner+𝐷𝐷SPOMD

𝜌𝜌miner,anox,SPOMD = 𝑘𝑘miner,anox � 𝑓𝑓temp(𝑇𝑇) � 𝑓𝑓lim(𝐶𝐶NO3−) � 𝐷𝐷SPOMD
2

𝐾𝐾SPOMD,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚
2 +𝐷𝐷SPOMD
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Review Exercise 4



Review Exercise 4
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• Look at the mass balance for P and N. If there is a difference 
between input and output + accumulation, where does it come from? 
Hint: Have a look at the stoichiometric coefficients for anoxic mineralization

difference in 
concentrations or densities 
between the end and start 
of the simulations



Review Exercise 4
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• Look at the mass balance for P and N. If there is a difference 
between input and output + accumulation, where does it come from? 
Hint: Have a look at the stoichiometric coefficients for anoxic mineralization



Review Exercise 4
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Sensitivity Analysis



Review Exercise 4
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Sensitivity Analysis



Review Exercise 4
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Sensitivity Analysis
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Benthic Foodweb
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Decomposition of Organic Material
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Classification of Growth Processes
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Also mixotrophic organisms exist: 

Wikimedia-Commons CC BY-SA 3.0 or 4.0

sea slug ciliates carnivorous plants spotted salamander

Algae and macrophytes: photolithoautotrophic

Heterotrophic bacteria: chemoorganoheterotrophic

Nitrifiers: chemolithoautotrophic

You: ?                                 



Growth of Heterotrophic Bacteria
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Growth of Heterotrophic Bacteria

28[ ... ] only needed if the corresponding stoichiometric coefficients are negative

Process rates for oxic growth:



Growth of Heterotrophic Bacteria
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Growth of Nitrifying Bacteria
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Growth of Nitrifying Bacteria
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Question to think about
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What are advantages and disadvantages of modelling 
heterotrophic and nitrifying bacteria explicitly?



Transport Processes in a River
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Transport and Mixing in Rivers
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chapter 6.1.2



Transport and Mixing in Rivers

We often know the geometry and discharge of a river, 

but we have to estimate the average flow velocity and water depth

35

What do you think:

What affects the flow velocity in a river?

What affects the water depth?



Transport and Mixing in Rivers
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Transport and Mixing in Rivers
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A

for a wide rectangular river bed:   𝑃𝑃 = 𝑤𝑤 + 2ℎ ≈ 𝑤𝑤 𝑅𝑅 =
𝐴𝐴
𝑃𝑃 ≈

𝐴𝐴
𝑤𝑤

𝑆𝑆𝑓𝑓 = 𝑆𝑆0

Assumption: prismatic river reach, constant friction, no backwater:



Transport and Mixing in Rivers
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Transport and Mixing in Rivers
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Darcy-Weisbach Strickler Manning



Transport and Mixing in Rivers
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with
non-dimensional friction force Sf
Strickler coefficient Kst, 
hydraulic radius R, 
discharge Q,
cross sectional area A, 
wetted perimeter P,
river width w,
flow velocity v,
slope S0

𝐴𝐴 =
𝑄𝑄
𝑣𝑣

𝑅𝑅 =
𝐴𝐴
𝑃𝑃
≈
𝐴𝐴
𝑤𝑤

;

𝑆𝑆𝑓𝑓 =
1

𝐾𝐾𝑠𝑠𝑠𝑠2
1

𝑅𝑅4/3
𝑄𝑄2

𝐴𝐴2

𝑆𝑆0 =
1

𝐾𝐾𝑠𝑠𝑠𝑠2
1

𝑄𝑄
𝑣𝑣
𝑤𝑤

4/3
𝑄𝑄2

𝑄𝑄
𝑣𝑣

2

𝑣𝑣 = 𝐾𝐾𝑠𝑠𝑠𝑠 𝑆𝑆0
3
5 𝑄𝑄
𝑤𝑤

2
5

substituting:

solving for 𝑣𝑣 :

𝑆𝑆𝑓𝑓 = 𝑆𝑆0;



Transport and Mixing in Rivers
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Kst=1/n

similar for Darcy-Weissbach and Manning equation:



Transport and Mixing in Rivers
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Estimation of the Manning coefficient:



Transport and Mixing in Rivers
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So=0.0034



Transport and Mixing in Rivers
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Transport and Mixing in Rivers
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Transport Processes
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Molecular Diffusion
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Dispersion
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view from above

view from the side



Transport and Mixing in Rivers
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z



Lateral mixing
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x
y

z

e.g. waste water treatment 
plant discharging in a river



Lateral mixing
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Lateral Mixing



Lateral mixing
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Lateral Mixing



Lateral mixing
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Lateral Mixing

x
y

z



Lateral mixing
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Lateral mixing
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Lateral mixing
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Transport and longitudinal dispersion
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Transport and longitudinal dispersion
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Transport and longitudinal dispersion
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Transport and longitudinal dispersion
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Transport and longitudinal dispersion
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Transport and longitudinal dispersion
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Transport and longitudinal dispersion
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Benthic Population, O, N, P in a River

2
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Benthic Population, O, N, P in a River
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Benthic Population, O, N, P in a River
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Benthic Population, O, N, P in a River
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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. Stochasticity, uncertainty, Parameter estimation
Exercise: uncertainty, stochasticity

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



Assignments
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Oral exams will take place between Thursday 4.6. and on Wednesday 10.6.
at Eawag in Dübendorf (exact dates to be discussed today).

It is your responsibility to register/deregister in time.

During the semester you will develop and implement your own model 
(in teams of two people), interpret simulation results and perform a sensitivity 
analysis. We will assign topics today.

Deadline for initial code submission: 07.05.26

Send your code to chuxinyao.wang@eawag.ch and 
vloganathan@student.ethz.ch

Deadline for submission of R-files, results and interpretation: 22.05.25 

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. 

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



Preparation for next week

• Read Chapters 11.5 and 11.6 about the river model

• Think about your questions

79
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