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Outline
● Lake ecosystem model and tipping points

– Stable states, regime shift
– Phase diagrams revisited
– Some other examples in ecosystems
– Agent based, system dynamics and hybrid models

● If time, model of land use change in Mongolia
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Clear and Turbid lakes

● Shallow lakes exist in one of two states:
– Transparent water, high lake vegetation, low nutrients, diverse fish 
– Turbid water, low lake vegetation, high nutrients, algal blooms, bottom-feeding fish. 

● Both states stable under the same environmental conditions. 
● Adding lots of nutrients to a clear lake can cause switch to turbid
● Reducing nutrients a lot can cause switch from turbid to clear
● Example of a tipping point / bifurcation / phase change

Photo: Stephen R. Carpenter
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Graphic from Jeppeson et al, Hydrobiologica, 2016



5From Scheffer et al, Nature, 2001



6From Scheffer et al, Nature, 2001



7From Scheffer et al, Nature, 2001
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Veluwemeer (Lake Veluwe)

From Scheffer et al, Nature, 2001
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Sahara 
Desertificiation

From Scheffer et al, Nature, 2001
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Pacific Ocean

From Scheffer et al, Nature, 2001
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Modelling Lake Ecosystems
● Regime Shifts in Shallow Lakes: palaeoecological and agent-based 

model approaches, Yanjie Zhao, 2022, PhD dissertation, Faculty of 
Environmental and Life Sciences Geography and Environment Science, 
University of Southampton

● Combining system dynamics and agent-based modeling to analyze 
social-ecological interactions—an example from modeling restoration 
of a shallow lake, Romina Martin & Maja Schlüter, 2015, Frontiers in 
Environmental Science 

https://eprints.soton.ac.uk/468608/1/Yanjie_Zhao_PhD_thesis_final_copy_unsigned.pdf
https://eprints.soton.ac.uk/468608/1/Yanjie_Zhao_PhD_thesis_final_copy_unsigned.pdf
https://www.frontiersin.org/articles/10.3389/fenvs.2015.00066/full
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Model Structure



14

Influence 
Diagram
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LIMNOSES hybrid AB+SD model

From R. Martin & M. Schlüter, Frontiers in Environmental Science, 2015 
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LIMNOSES Bifurcation Diagram
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Mongolia Land Use

Allington et al, Environmental Science and Policy, 2017

https://www.sciencedirect.com/science/article/pii/S1462901116303100
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Model Structure
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Validation
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Summary
● Revisited tipping points with examples in ecosystems
● Lake ecosystem models – agent based and system dynamics
● Land use change 
● Next time: focus on social system models

https://eprints.soton.ac.uk/468608/1/Yanjie_Zhao_PhD_thesis_final_copy_unsigned.pdf
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