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▪ To recognize the relevance of systems thinking

▪ To explore the core principles of a system

▪ To learn about the specialties of sustainability science

▪ To discover concepts and tools for systems thinking

▪ To learn about the principles for applying a systems approach
in urban practice

Learning objectives
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Why systems thinking?
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The 'Great Acceleration'
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Steffen, W., Broadgate, W., Deutsch, L., Gaffney, O., & Ludwig, C. (2015). The trajectory of the Anthropocene: The Great Acceleration. The 

Anthropocene Review, 2(1), 81–98. https://doi.org/10.1177/2053019614564785
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The 'Limits to Growth'
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Meadows, D. H., Meadows, D. L., Randers, J., & Behrens, W. W. (1972). The limits to growth: 

A report for the Club of Rome's project on the predicament of mankind. Universe Books.
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The 'World Model'
architecture
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Meadows, D. H., Meadows, D. L., Randers, J., & Behrens, W. W. (1972). The limits to growth: A report for the Club of Rome's project on the predicament of 

mankind. Universe Books.



URB-401 
Systems 
Approaches 
for Urban 
Transitions

"To foster understanding of the varied but 
interdependent components - economic, 
political, natural, and social - that make up 
the global system in which we all live; to bring 
that new understanding to the attention of 
policy-makers and the public worldwide; and 
in this way to promote new policy initiatives 
and action."

Club of Rome's mission
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Comparison with 
historical data

M
a
ri
a
 A

n
n
a
 H

e
c
h
e
r

9

Turner, G. M. (2012). On the cusp of global collapse? Updated comparison of The Limits to Growth with historical data. GAIA: Ecological Perspectives for 

Science and Society, 21(2), 116–124. https://doi.org/10.14512/gaia.21.2.10
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Planetary
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Van Vuuren et al. (2025). Exploring pathways for world development within planetary boundaries. Nature, 641, 910–916. https://doi.org/10.1038/s41586-025-08928-w

With current trends and policies, 

the situation is projected to 

worsen to 2050 for all planetary 

boundaries, except for ozone 

depletion. 

https://doi.org/10.1038/s41586-025-08928-w
https://doi.org/10.1038/s41586-025-08928-w
https://doi.org/10.1038/s41586-025-08928-w
https://doi.org/10.1038/s41586-025-08928-w
https://doi.org/10.1038/s41586-025-08928-w
https://doi.org/10.1038/s41586-025-08928-w
https://doi.org/10.1038/s41586-025-08928-w
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Today's problems come from
yesterday's solutions

M
a
ri
a
 A

n
n
a
 H

e
c
h
e
r

11

Senge, P. M. (1990). The fifth discipline: The art & practice of the learning organization. Doubleday/Currency.
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Barry Richmond, the originator of the systems thinking term

The art and science of making reliable inferences about behavior by developing an increasingly 
deep understanding of underlying structure. 

Peter Senge, a leader in this field

Discipline for seeing wholes and a framework for seeing interrelationships rather than things, 
foreseeing patterns of change rather than static snapshots.

A definition of system thinking
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Richmond, B. (1994). Systems Dynamics/Systems Thinking: Let’s Just Get On With It. In International Systems Dynamics Conference. Sterling, Scotland.

Senge, P. (1990). The Fifth Discipline: The Art and Practice of the Learning Organization. New York, NY: Doubleday/Currency.
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What is system?
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“A system is anything that is composed of system elements connected 
in a characteristic system structure.

This configuration of system elements allows it to perform specific 
system functions in its system environment. These functions can be 
interpreted as serving a distinct system purpose.

The system boundary is permeable for inputs from and outputs to 
the environment. It defines the system’s identity and autonomy.”

A definition of systems
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Bossel, H. (1999). Indicators for sustainable development: Theory, method, applications. A report to the Balaton Group, International Institute for Sustainable 

Development. Retrieved from http://www.ulb.ac.be/ceese/STAFF/Tom/bossel.pdf
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System characteristics
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Ossimitz, G., & Lapp, C. (2006). Das Metanoia-Prinzip: Eine Einführung in systemisches Denken und Handeln. Hildesheim: Franzbecker.

Bossel, H. (1999). Indicators for sustainable development: Theory, method, applications. A report to the Balaton Group, International Institute for Sustainable 

Development. Retrieved from http://www.ulb.ac.be/ceese/STAFF/Tom/bossel.pdf
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Different types of systems

M
a
ri
a
 A

n
n
a
 H

e
c
h
e
r

16

Kim, D. H. (1999). Introduction to systems thinking. Pegasus Communications. Retrieved from http://www.pegasuscom.com/

Non-living systems
Human-made, 

mechanical systems

Usually "hard-wired" and 

purpose does not change 

over time

Living systems
Natural-ecological systems

Social-economic systems

Evolving, adaptive and have 

the capacity to change their 

purpose over time

http://www.pegasuscom.com/
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▪ Physical boundaries

▪ Functional boundaries

▪ Conceptual boundaries

System boundaries
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Official city limits of Lausanne

Transportation system of Paris

The culture of consumerism in Milano 
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System boundaries
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Which city would you predict to be best in terms of… 

Green areas per capita?

Proximity to public transport stops?



URB-401 
Systems 
Approaches 
for Urban 
Transitions

Functional versus 
perceived neighborhoods
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Pang, M., Binder, C. R., & Golay, F. (2024). An empirical comparative analysis of functional and perceived neighbourhood boundaries across Geneva, 

Switzerland. Cities, 146, 104786. https://doi.org/10.1016/j.cities.2023.104786
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▪ The way boundaries are defined can significantly impact ...

▪ … on how a system is understood and how its problems 
are addressed.

▪ … on measured outcomes like sustainability or wellbeing, 
which in turn can have an impact on decision-making. 

System boundaries
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'The blind men 
and the elephant'
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The Blind Men and the Elephant by John Godfrey Saxe.

"A basic principle of a 
system is that it is 
something more than a 
collection of its parts."​
Meadows, D. H. (2008). Thinking in systems: A 

primer. Chelsea Green Publishing.
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Swarm behavior
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"A basic principle of a 
system is that it is 
something more than a 
collection of its parts."​
Meadows, D. H. (2008). Thinking in systems: A 

primer. Chelsea Green Publishing.
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Collections versus 
systems
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Kim, D. H. (1999). Introduction to systems thinking. Pegasus Communications. Retrieved from http://www.pegasuscom.com/

http://www.pegasuscom.com/
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What is special about 
sustainability science?
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Sustainability science
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Brewer, G.D. (1999). The challenges of interdisciplinarity. Policy Science. 32, 327-337.

“The world has problems, but universities 

have departments.” 
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▪ Problem-driven, normative field of research, not a discipline with a 
single set of methods or objects

▪ Its purpose is to provide insights and solutions for sustainable 
development

▪ Unlike traditional "value-free" natural sciences, sustainability science is 
inherently tied to the normative goal of achieving sustainability

Sustainability science
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Spangenberg, J. H. (2011). Sustainability science: A review, an analysis and some empirical lessons. Environmental Conservation, 38(3), 275–287. 

https://doi.org/10.1017/S0376892911000270
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▪ Normative and action-oriented

▪ Inter- & transdisciplinary

▪ Integrated assessment

Characteristics of 
sustainability science
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Spangenberg, J. H. (2011). Sustainability science: A review, an analysis and some empirical lessons. Environmental Conservation, 38(3), 275–287. 

https://doi.org/10.1017/S0376892911000270

As sustainability is normative concept, 

sustainability science must be aimed at action ​.

It provides integrated analysis and assessments 

and offers useful information for decision makers.

Sustainability science must be interdisciplinary 

bringing different disciplines together, and 

transdisciplinary integrating academic knowledge 

with the practical knowledge of stakeholders 

and society​.
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Multi-, Inter- & Transdisciplinarity
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https://www.env-

science.ethz.ch/JaegerScheringe

r_TD.pdf

Disciplinarity is characterized by methods 

from individual disciplines by which certain 

problems are approached.

Multidisciplinarity approaches problems from 

the perceptions of different disciplines with 

little interaction among these disciplines.

Interdisciplinarity is established by the 

integration of methods from different 

disciplines.

Transdisciplinarity goes beyond science in 

the sense that it deals with complex societal 

problems that require knowledge from the 

scientific and the non-scientific world.

Jaeger, J., & Scheringer, M. (1998) Transdisziplinarität: Problemorientierung ohne Methodenzwang, GAIA, 7, 10–25, 1998.

https://www.env-science.ethz.ch/JaegerScheringer_TD.pdf
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Two approaches to sustainability science

M
a
ri
a
 A

n
n
a
 H

e
c
h
e
r

29

Spangenberg, J. H. (2011). Sustainability science: A review, an analysis and some empirical lessons. Environmental Conservation, 38(3), 275–287. 

https://doi.org/10.1017/S0376892911000270

Descriptive-analyticalSolution-oriented
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Target-Systems-Transformation 
Knowledge
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How to approach 
complex problems?
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Systems thinking is important, 
but how do we apply it?
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Understanding 
complexity
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From linear thinking to 
systems thinking
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Ollhoff, J. & Walcheski, M. (unknown). The Systems Thinker. Making the jump to systems thinking.

https://thesystemsthinker.com/making-the-jump-to-systems-thinking/
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Understanding system dynamics
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Kim, D. H. (2000). Systems Thinking Tools: A Users' Reference Guide. Pegasus Communications, Inc.
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The language of links and loops
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Kim, D. H. (2000). Systems Thinking Tools: A Users' Reference Guide. Pegasus Communications, Inc.
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Reinforcing loop: Engines of growth and decay
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Kim, D. H. (2000). Systems Thinking Tools: A Users' Reference Guide. Pegasus Communications, Inc.
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Balancing loops as goal-seeking process
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Kim, D. H. (2000). Systems Thinking Tools: A Users' Reference Guide. Pegasus Communications, Inc.
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Reinforcing loop coupled with balancing loop
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Kim, D. H. (2000). Systems Thinking Tools: A Users' Reference Guide. Pegasus Communications, Inc.
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Archetypes
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Fixes that fail in urban systems
To combat homelessness, a city builds new 
shelters. However, the shelters are located far from 
public transit and job centers, making it difficult for 
residents to find work. This dependence on the 
shelters perpetuates their poverty and 
homelessness, requiring more shelters to be built.

Kim, D. H. (2000). Systems Archetypes I. Pegasus Communications, Inc.
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Archetypes
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Limits to success in urban systems
A city's downtown area experiences a boom in new 
businesses and residents. However, the city fails to 
invest in expanding its water and sewer 
infrastructure at the same rate. The outdated 
infrastructure cannot support the growth, leading 
to water shortages and a halt in new construction.

Kim, D. H. (2000). Systems Archetypes I. Pegasus Communications, Inc.
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Archetypes
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Shifting the burden in urban systems
To address a budget deficit, a city consistently 
defers maintenance on its public roads. The 
immediate problem is solved (the budget is 
balanced), but the underlying issue of structural 
financial inefficiency remains. Over time, the roads 
deteriorate to a point that requires a massive, more 
expensive capital project to fix.

Kim, D. H. (2000). Systems Archetypes I. Pegasus Communications, Inc.
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Archetypes
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Success to the successful in urban systems
A city with multiple public schools allocates a 
greater share of its budget to the schools that have 
the highest test scores. These schools use the 
extra funding to improve their facilities and 
programs, which attracts more talented students 
and teachers, while schools with lower scores get 
fewer resources and fall further behind.

Kim, D. H. (2000). Systems Archetypes I. Pegasus Communications, Inc.
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The Iceberg Model
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Hall, E. T. (1976). Beyond culture. 

Anchor Press.
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The Iceberg
Model: A 
simple 
example
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Northwest Earth Institute. 

A systems thinking model:

The iceberg. ecochallenge.org.



URB-401 
Systems 
Approaches 
for Urban 
Transitions

▪ Understanding the difference between 
simple, complicated and complex

▪ From linear thinking to systems 
thinking

▪ Unpacking complexity through 
understanding system dynamics

▪ Understanding the "invisible" -
understanding deeper structures and 
mindsets

Systems thinking is important, 
but how do we apply it?
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Understanding complex 
systems is important, but 
where should we intervene? M
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Meadows, D. (1999). Leverage points: Places to intervene in a system. 

Hartland: The Sustainability Institute.

If you wanted to change the world, 

where would you push?
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Leverage points in
urban systems
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Sustainability interventions target highly 
tangible, but essentially weak leverage points
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Abson, D. J. et al. (2017). Leverage points for sustainability transformation. AMBIO A Journal of the Human Environment, 46, 30–39. 

https://doi.org/10.1007/s13280-016-0800-y
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A review on interventions in food and 
energy systems
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Dorninger et al. (2020). Leverage points for sustainability transformation: a review on interventions in food and energy systems. Ecological Economics, 171, 

106570. https://doi.org/10.1016/j.ecolecon.2019.106570
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Systems
thinking tools

M
a
ri
a
 A

n
n
a
 H

e
c
h
e
r

52

Untools. Tools for better thinking. 

https://untools.co/systems-thinking/#tools
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The Systems Thinker
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Systems approach for 
urban transitions
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Cities are interconnected social–
ecological–technological systems
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Bai et al. (2016). Defining and advancing a systems approach for sustainable cities. Current Opinion in Environmental Sustainability, 23, 69–78. 

https://doi.org/10.1016/j.cosust.2016.11.010
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Principles for applying a systems 
approach in urban practice
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Bai et al. (2016). Defining and advancing a systems approach for sustainable cities. Current Opinion in Environmental Sustainability, 23, 69–78. 

https://doi.org/10.1016/j.cosust.2016.11.010
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Four lessons from 15 cities in Eastern Europe and Central Asia on addressing 
interconnected civic challenges

Urban planning needs 
systems thinking
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1. Understanding root causes through 

community engagement

2. Building adaptive systems: Start small, 

learn fast

3. Transforming government roles: From 

regulator to facilitator

4. Smart investment: Spreading risk, building 

momentum

https://ssir.org/articles/entry/urban-development-needs-systems-thinking
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▪ Systems thinking is crucial to tackle real-world complex problems.

▪ A system is composed of interconnected elements that interact to 
perform specific functions within a defined boundary serving a 
purpose.

▪ Sustainability science is a normative field of research with the 
purpose to provide solutions for sustainable development and 
therefore must be inter- and transdisciplinary.

▪ Systems thinking concepts and tools support us to unpack 
complexity and to identify the most effective interventions.

▪ Cities are interconnected social-ecological-technical systems and 
urban planning needs systems thinking.

Key takeaways
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Guest lecture: 
Dr. Anna Pagani
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Leverage points in the 
housing system
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Contact

Maria Anna Hecher, PhD

Laboratory on Human-Environmental 
Relations in Urban Systems

maria.hecher@epfl.ch
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