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Housekeeping

• Assignment 1: updates to part 3!
• Course project: Milestone 1 document posted to Moodle
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Outline

• Course project introduction
• Predator-prey example and simulation details
• Delays
• Multi stock system example
• How to assess model dynamics

• Varying parameters and understanding impacts
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Course project - logistics

• 2 Milestones
• Milestone 1 due April 04
• Focuses on system characterization and sustainable policy 

development
• More information on Moodle and course information sheet

• Form groups of 3 or 4
• Propose group by Friday - if I don’t hear from you, I will assign groups
• Email both Prof. Sonta and Vasantha
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Course project - content

• We will work with the World2 and World3 models
• The world2 model was developed by Jay Forrester and presented in his book World Dynamics. 
• The world3 model was developed by Dennis Meadows and a large team of collaborators. The 

results were presented in the book The Limits to Growth and the model was published in the book 
Dynamics of Growth in a Finite World.

• Both models can be installed with python packages
• They model the same thing with different complexity
• Milestone 1 works with World2
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Model Stocks Flows Variables Total connections
world2 5 8 82 121
world3 15 23 156 336



World2
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What are the world2 and world3 models?
• Primarily focuses on the following 

stocks:
• Population
• Natural resources
• Capital investment
• Pollution

• Defines a key variable of interest:
• Quality of life

• Seeks to model feedback loops 
and dynamics among these 
different stocks at a global scale
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pyworld2 “standard run”



Different scenarios of world3
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Herrington G. Update to limits to growth: Comparing the world3 model with empirical data. J Ind Ecol. 2021; 25: 614–626. https://doi.org/10.1111/jiec.13084

https://doi.org/10.1111/jiec.13084
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Accuracy of world3

Herrington G. Update to limits to growth: Comparing the world3 model with empirical data. J Ind Ecol. 2021; 25: 614–626. https://doi.org/10.1111/jiec.13084

https://doi.org/10.1111/jiec.13084
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Your task in Milestone 1

• Become familiar with the model
• Understand how different parameters can be varied
• Characterize the impact of different parameters
• Use Python computing tools to automate a process for finding a 

sustainable development policy
• Deliverable: written narrative (8 pages, including figures)

•  More details in “Milestone 1” document
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Outline

• Course project introduction
• Predator-prey example and simulation details
• Delays
• Multi stock system example
• How to assess model dynamics

• Varying parameters and understanding impacts
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Your turn
Predator-prey cycle
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Stocks:
• Number of predators
• Number of prey

Feedback loops:
• 4 simple
• 1 complex
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Also known as the Lotka-Volterra model

• This is a standard 
system of coupled 
differential equations
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Solving coupled differential equations

• When systems are complex (multiple stocks and multiple 
feedback loops), we cannot solve these systems analytically

• In this class, the stepwise calculations we have implemented is 
the “Euler method”

• More complex numerical procedures exist, e.g.
• Runge-Kutta Methods (RK)
• Adaptive step-size methods
• These are outside the scope of this class
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Method 
illustrations
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Euler’s 
method

Second-
order 

Runge-
Kutta 

method

Fourth-
order 

Runge-
Kutta 

method Chapra, S. C. 
Applied 

Numerical 
Methods with 
MATLAB for 

Engineers and 
Scientists
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• Course project introduction
• Predator-prey example and simulation details
• Delays
• Multi stock system example
• How to assess model dynamics

• Varying parameters and understanding impacts
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Car dealership system
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Delays in systems

• Real systems have delays
• Perception delay: information about changes to the system 

take time to measure/perceive
• Response delay: system does not correct itself in a single 

iteration
• Delivery delay: It takes time for corrective measures to be 

implemented
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Car dealership delays
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Delays in 
urban systems
• Do you have to be smart 

if you are fast?
• “The engineering approach 

conveniently bypasses the complexities 
that always arise in these systems at 
longer temporal or larger spatial scales, 
such as the need to develop models of 
human behavior. In this way, a 
difficult and important problem can 
be solved essentially without theory; 
this is the (potential) miracle of big 
data in cities.”

• But “it has remained difficult to create 
engineering solutions to problems of 
education, public housing, economic 
development, poverty, or sustainability 
at the city level.”

Luís M.A. Bettencourt. The Uses of Big Data in Cities. Big Data. Mar 2014. 12-22.
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Outline
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• Predator-prey example and simulation details
• Delays
• Multi stock system example
• How to assess model dynamics

• Varying parameters and understanding impacts
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Multi-stock system

• Connecting internal system behavior (e.g., population, heat 
pump in a house) to its surroundings

• “Limits to growth” archetype
• Example 1: population growth constrained by natural resources
• Example 2: nonrenewable resource and business capital (think 

oil company)
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Example 1:
Population growth constrained by natural 
resources
• Stock 1: population
• Stock 2: natural resources
• Multiple feedback loops
• How to model?
• Systems thinking models are systems of coupled differential 

equations
• Simple models can be solved analytically
• As we add more stocks and flows, it is more likely that we will need numerical 

simulations
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Multi-stock 
system: 
Oil company
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Oil company dynamics
• Stock 1: Capital (renewable)
• Stock 2: Oil (nonrenewable)
• Balancing loop: More capital stock, more machines break down 

(5% of stock removed each year)
• Reinforcing loop: More capital enables more resource extraction 

and more profits for reinvestment (10% growth goal per year)
• Net income: Price*Extraction – Capital Costs
• Extraction: Yield per Capital
• Yield: function of the amount of stock remaining (harder to 

harvest)
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Outline

• Course project introduction
• Predator-prey example and simulation details
• Delays
• Multi stock system example
• How to assess model dynamics

• Varying parameters and understanding impacts

05/03/25 Lecture 3 | Systems Thinking 2 31



Building the “correct” model

• Balance between details and interpretability
• Are the driving forces likely to unfold in this way?

e.g. what will happen to flows?
• If they did how would the system react?

e.g. do changes in flows really cause stocks to behave as we think?
• What drives the driving forces?

e.g. what affects the changes in flows?
• What is the purpose of the system analysis?

• Are we hoping to inform policies? Prices? Design?
• The biggest power comes from asking “what if” questions!
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Assessing model dynamics

• What happens when you change parameters?
• Are the parameter changes reasonable?

• Physically
• With respect to policies

• Which parameters have the largest impact?
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Next time

• Read Meadows chapters 3 and 4
• Resilience, self-organization, hierarchy

Structure vs. behavior 
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