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> What is the Anthropocene 

> What are Planetary Boundaries 

> The Number and Core 
Planetary Boundaries.

> Trends in Planetary 
Boundaries.

> Importance and Challenges of 
Socio-Economic Development 
within Planetary Boundaries.

AT THE END OF THIS 
CLASS YOU SHOULD 

KNOW



 

Planetary Boundaries
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> The Earth system is a 
complex network of 
interactions among 
different spheres:

• geosphere (land),

• hydrosphere (water)

• atmosphere (air)

• biosphere (life)

EARTH SYSTEM
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> “Red code for humanity”

FIRE

RED CODE FOR 
HUMANITY

António Guterres
UN Secretary-

General
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Great Acceleration, a 
dramatic increase in human 
activity affecting the planet, 

took off

1750 18001970 1850 1900 2000
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> The Anthropocene is a term used 
to describe the current geological 
age, viewed as the period during 
which human activity has been 
the dominant influence on 
climate and ecosystems.

> Anthropocene Epoch is an 
unofficial unit of geologic time 

ANTHROPOCENE
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Anthropocene has been widely adopted to 
describe, analyse and interpret the 
transformed conditions in which humans now 
live

It is used by different groups. 
• Earth-System Science: To model and assess 

human impacts on Earth's systems, 
particularly regarding transgressing 
planetary boundaries.

• Humanities & Social Sciences: Explores how 
human activities have begun to dominate 
natural forces, influencing history, 
philosophy, politics, and culture.

• Policymakers & Urban Planners: Focuses on 
understanding human-driven changes to 
climate and biosphere, critical for creating 
effective mitigation and adaptation 
strategies.
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Theory - 
More and more 
science indicates 
(hypothesis) -  that in 
the late 1980s/early 
1990s when we start 
hitting the ceiling of 
the capacity of the 
Earth System to 
buffer this Great 
Acceleration

1750 18001970 1850 1900
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Tipping 
points
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> Tipping Points: Critical thresholds in a 
system that, when exceeded, can lead to a 
significant change in the state of the system, 
often with an understanding that the change 
is irreversible

> Threshold represents the point up to which a 
system can absorb “stresses” and adapt without 
experiencing fundamental shifts in its structure or 
function

TIPPING POINTS
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2023
1.45 ± 0.12 °

2003
0.48 °C

2024
1.55 ± 0.13 °



28



29



30



31

real
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What is the safe operating system for 
humanity on planet Earth? 

What are the limits of key Earth system 
processes that we cannot exceed if we 
want to avoid rapid and catastrophic 

environmental change? 
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> Johan Rockström from the Stockholm Resilience 
Centre and Will Steffen from the Australian National 
University led a group of scientistic and develop the 
Planetary Boundaries Framework in 2009

> The Planetary Boundaries define the safe operating 
space for humanity with respect to the Earth system 
and are associated with the planet's biophysical 
subsystems.

> No assumptions on human needs

> No assumptions on human innovation capacity

PLANETARY BOUNDARIES



> 9 processes that are critical for maintaining the stability and resilience of Earth system as a whole and have been 
affected by anthropogenic activities:

1. Climate Change

2. Biosphere integrity (genetic diversity): linked to biodiversity loss

3. Ocean Acidification Preventing ocean acidification is crucial for preserving the health of marine ecosystems 
and fisheries.

4. Biogeochemical flows (Nitrogen and Phosphorus Cycles): Keeping these cycles within safe boundaries is 
essential to prevent water pollution and habitat degradation.

5. Freshwater Use

6. Land Use Changes (forests): Protecting natural habitats is crucial for maintaining ecosystem services.

7. Atmospheric Aerosol Loading

8. Stratospheric Ozone Depletion

9. Novel Entities (Chemical Pollution) - aims to limit the release of synthetic chemicals (e.g., microplastics), 
which affects human and ecosystem health.
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PLANETARY BOUNDARIES
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Core Planetary Boundaries the most critical 
because they affect the other boundaries 
altogether- Significantly altering either of these 
“core boundaries” would “drive the Earth 
System into a new state”
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How are we 
today?
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+1.45°C set against the 
pre-industrial era
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France (EU) size = 543,94K km²
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Allows society time to react to 
early warning signs

Feb 2024
425 ppm
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> ‘Downscaling’ - translation of globally 
defined planetary boundaries into locally 
or nationally actionable targets. 

TRANSLATING THE PLANETARY BOUNDARIES 
FRAMEWORK TO A NATIONAL LEVEL

> Equality – equal share per capita
> Right to develop – equal share of 

development index

How can we share 
the Planetary 
Boundaries fairly?
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• Better health

• Fewer in poverty

• Better education



 

The economic system has heavily relied on resource 
depletion (e.g., water, minerals), significant waste 

generation, and environmental externalities such as 
climate change and biodiversity loss
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Humanity faces the challenge of how to achieve a 
high quality of life for >8 billion people without 

destabilizing critical planetary systems
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The economy should be able to grow 
within a planetary boundary operating 
space

Can we envisage an economy growing 
within a safe operating space? 



Towards transformation
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Global energy system transformation 

Transformation towards sustainable cities & urbanisation

Transformation towards a healthy & sustainable food system 

A transformation to a circular economy paradigm
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“EXPONENTIAL” GROWTH OF SOLUTIONS
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Phase-Out of Leaded 
Fuel
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Green growth: 30% of regions 
worldwide achieve economic 
growth while reducing carbon 
emissions

Source: https://doi.org/10.1073/pnas.241141912 

https://doi.org/10.1073/pnas.2411419121


Doughnut Economics
• Developed by economist Kate Raworth, Doughnut 

Economics provides a framework to ensure human well-
being within ecological limits.

• Social foundation, to ensure that no one is left falling 
short on life’s essentials

• Ecological ceiling, to ensure that humanity does not 
collectively overshoot the planetary boundaries

• Between these two sets of boundaries - both 
ecologically safe and socially just: a space in which 
humanity can thrive.

• Interactions between the Planetary Boundaries and the 
Social Foundation - Environmental stress can 
exacerbate poverty and vice versa, and policies aiming 
to reduce environmental pressure, if not well designed, 
can exacerbate poverty and vice versa.
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International Trade Game
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> This game is an adapted version of the World Trade Game developed by the Third 
World development charity Action Aid 
(https://www.economicsnetwork.ac.uk/showcase/sloman_game#Introduction)

> Teams represent 5/6 countries in this game: A1, A2, B1(B2), C1, C2 

> Countries compete against each other to 'manufacture’ materials (papers shapes: 
circles, triangles, rectangles) and sell them to an international commodity market 
trader at posted prices, which vary with supply and demand

INTERNATIONAL TRADE GAME + PLANETARY 
BOUNDARIES

Objective: become the richest country at the 
end of the game

https://www.economicsnetwork.ac.uk/showcase/sloman_game#Introduction
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> You may only use the materials provided (do not cut the envelops please)

> You can choose to make any of the shapes shown on the diagrams.

> All the shapes must be cut with clean sharp edges using scissors and must be the exact size 
shown. 

> Take the shapes to the banker in batches who will check them for accuracy and exchange 
them for cash. Inaccurate shapes will be rejected or paid at a lower price 

> You can manufacture as many shapes as you like - the more you make, the richer you will 
become.

> If you hear me clap hands, you must immediately stop what you are doing and pay attention. 

> If there is any dispute, I will settle it. My word is final! No physical force is to be used in the 
game

RULES



 

You have 50 minutes to boost 
your economy!
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Shapes and money

R=6.5 cm

200€

13 cm

7 cm

9.5 cm 16.3 cm

18.8 cm

200€

100€

D=10.3 cm

300€

50€

100€

500€

1.000€

2.000€

CO2 emissions: 450 ton

CO2 emissions: 200 ton

CO2 emissions: 125 ton

CO2 emissions: 100 ton

CO2 emissions: 50 ton

9.90 cm
7 cm

7 cm

500€
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A1 A2 A3 B1 B2 B3 C1 C2 C3
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New Prices

R=6.5 cm

500€

200€

13 cm

7 cm

9.5 cm 16.3 cm

18.8 cm

200€

D=10.3 cm

300€

50€

100€

500€

1.000€

2.000€

550€

50€

100€

100€

9.9 cm

7 cm

7 cm

CO2 emissions: 450 ton

CO2 emissions: 200 ton

CO2 emissions: 125 ton

CO2 emissions: 100 ton

CO2 emissions: 50 ton

400€
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Only the shapes with 
blue post-it can be sell

R=6.5 cm

13 cm

7 cm

9.5 cm 16.3 cm

18.8 cm

9.9 cm

7 cm

7 cm

D=10.3 cm

50€

100€

500€

1.000€

2.000€

CO2 emissions: 450 ton

CO2 emissions: 200 ton

CO2 emissions: 125 ton

CO2 emissions: 100 ton

CO2 emissions: 50 ton

200€

200€

100€

300€

500€
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Objective: become the richest country at the 
end of the game

But…

Minimize your environmental impact
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> CO₂ Emissions: 1€/t per shape produced

> Water Usage: -50€ per shape except semicircles

> Deforestation: -10€ per shape

PENALTIES
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Shapes and money

R=6.5 cm

13 cm

7 cm

9.5 cm 16.3 cm

18.8 cm

D=10.3 cm

50€

100€

500€

1.000€

2.000€

9.90 cm
7 cm

7 cm

• CO₂ Emissions: 1€/t per shape produced

• Water Usage: -50€ per shape except circles 

and semicircles

• Deforestation: -10€ per shape

CO2 emissions: 450 ton

CO2 emissions: 200 ton

CO2 emissions: 125 ton

CO2 emissions: 100 ton

CO2 emissions: 50 ton

200€

200€

100€

300€

500€



76

GAME WRAP UP
# What was in the envelope?

What tools
do you own

now?

How much
money do you

have? (€)

CO2 
emissions?(kt)

Planet A Planet A

A1

1 sheet of paper, 2 scissors, 2 rulers, 3 shapes already made, 
2 pencils, 600€

A2

A3

B1

10 sheet of paper, 1 ruler, 2 pencils, 300€B2

B3

C1

4 sheets of paper, 2 pencils, 200€ and a bad feeling…C2

C3
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> Bonus for providing free technology or resources: +10% of total funds for countries that share 
resources or technology at no cost with other countries.

> Bonus for alliances: +5% of total funds each for countries that form alliances to share 
technologies or knowledge

> These bonuses reward cooperative behaviour, encouraging sustainable collaboration and 
support among countries.

BONUS
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> How do you felt when you opened the envelopes?

> How much of the difference between the groups was due to strategies pursued and how much 

to the initial endowment?

> Why is it so difficult to change the system?

> How this simulates real world?

> Who owns the world's natural resources? 

> Who owns the world's technology?

> (To more successful countries) How did you achieve your success? What problems did you 

experience and what strategies did you use to overcome them?

> (To less successful countries) What factors limited your success? What strategies did you pursue? 

Which strategies failed and why? Now that you have learned how to play the game, what would 

you do differently next time?

> (To countries that formed alliances) Why did you form the alliance? How well did it work? What 

prevented it from breaking up?

DEBRIEFING
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> The World Trade Game illustrates the disparities and imbalances among countries 
and shows the challenges of balancing economic growth with the reduction of 
environmental externalities. 

> Within the framework of this game, participants can explore fundamental concepts 
like economic inequality, uneven resource distribution (e.g., critical minerals vital for 
clean energy technologies), technology availability and environmental impacts. 

> Many developing countries are rich in resources, but they struggle to benefit from 
them due to trade rules, weak infrastructure, and limited technology. In some cases, 
poor governance, social challenges, and weak environmental regulations make the 
negative impacts worse.

> The exploration of some resources can be affected by environmental impacts, 
particularly in regions that are already vulnerable. For example, some mineral 
extraction methods require large amounts of water, making climate-related problems 
even more serious in vulnerable regions.

ESSENTIAL TAKE AWAYS FROM THE WORLD TRADE GAME + 
PLANETARY BOUNDARIES
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> The Trade Game represent economic inequality, the challenges of balancing 
economic growth with the reduction of greenhouse gas emissions and other 
environmental externalities, and resource distribution challenges 

> What is the Anthropocene (slide 21) and Tipping Points (slide 26)

> What are Planetary boundaries? (slide 34 and video on slide 33)

> How many Planetary boundaries exist and what are the two core ones? (slide 
35)

> Are the Planetary boundaries independent or interrelated? (video slide 33)

> How has the crossing of planetary boundaries evolved over time? (slide 46)

> What transformations can be done to ensure a good quality of life for a 
globally expanding population while avoiding the crossing of planetary 
boundaries? (slide 57)

ESSENTIAL TAKE AWAYS FROM THE CLASS



 

Thank you!
Patrícia Fortes
p.fs@fct.unl.pt
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