
Sustainability through an 
engineering lens

Dr. Martyn Wakeman
martyn.wakeman@epfl.ch

Creative Commons — Attribution-NonCommercial-NoDerivatives 4.0 International — CC BY-NC-ND 4.0

M
SE

-4
33

W
ak

em
an

1

mailto:martyn.wakeman@epfl.ch
https://creativecommons.org/licenses/by-nc-nd/4.0/


 Understand key concepts in 
sustainability

• Holocene
• Climate change
• Great acceleration
• Anthropocene
• Planetary boundaries
• SDGs
• Shifting base-line syndrome
• SSPs
• Re-wiring the economy

Learning objectives
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2050: what is your vision?
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4 NetZero Energy Lessons | NetZero Buildings

AP to set up solar-wind hybrid project with battery back-up – The Leading Solar Magazine In India (eqmagpro.com)

ZEROe on the Rise at Airbus - CAFE Foundation Blog

[기업소개] 수소연료탱크제조사 '일진다이아' : 네이버블로그 (naver.com)

Daily Mail Online

EV World Record: Mercedes Benz Vision EQXX Travels 1,000 Km On A Single Charge (forbes.com)

Support Rewilding — The Scottish 
Rewilding Alliance

Child Fun Outdoors - Free photo on Pixabay

People Group Many - Free photo on Pixabay

https://www.netzerobuildings.co.uk/news/4-net-zero-energy-lessons/
http://www.eqmagpro.com/ap-to-set-up-solar-wind-hybrid-project-with-battery-back-up/
http://cafe.foundation/blog/zeroe-on-the-rise-at-airbus/
https://blog.naver.com/PostView.nhn?isHttpsRedirect=true&blogId=revive106&logNo=221182340042
https://www.dailymail.co.uk/sciencetech/article-2802380/is-street-view-secret-relaxing-researchers-watched-3d-video-tree-lined-streets-significantly-improved-state-mind.html
https://www.forbes.com/sites/peterlyon/2022/04/13/world-record-mercedes-benz-vision-eqxx-travels-1000-km-on-a-single-charge/
https://www.rewild.scot/support-rewilding
https://pixabay.com/photos/child-fun-outdoors-happiness-3147809/
https://pixabay.com/photos/people-group-many-child-education-3137672/


Sustainability can be defined as:
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"Avoiding the depletion of our natural 
resources in order to maintain a 

balanced ecosystem and preserve 
natural capital while meeting the 

needs (wants?) of the present without
compromising the ability of future 

generations to meet their own needs".
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Please download and install the 
Slido app on all computers you use

To what extent do you 
consider materials products 
and supply chains are 
sustainable?

ⓘ Start presenting to display the poll results on this slide.
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 Relatively stable 

Holocene climate 
during the past ca. 
10,000 years
 Record from Greenland 

Ice Sheet, proxy for 
atmospheric 
temperature over 
Greenland

stockholmresilience.org

NASA

Virgin Forests: WWF Saving the Last Remaining in Europe, Part 1 | WWF (panda.org)

the stable geological epoch in the earth history that has lead to 
our blue and green planet

Corridor of life

https://www.stockholmresilience.org/images/18.3110ee8c1495db744326180/1459560274674/Figure%20S2.jpg
https://wwf.panda.org/wwf_news/?278590/Virgin-Forests-Saving-the-Last-Remaining-in-Europe-Part-1


Fire side chat
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What flows in our 
economy?
• Energy
• Mass
• CO2e 
• $
• People
• Information

Need a systemic 
approach



 Past 2,000 years, global surface temperatures stayed relatively constant until an unprecedented 
rate of warming began in the mid-20th century. 

 Historical data came from paleoclimate archives, and recent observations are direct 
measurements. 

 Shading shows 5% and 95% confidence intervals for historical measurements. Credit: Jenessa Duncombe. Source: IPCC [2021]

Global warming thus far
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What Five Graphs from the U.N. Climate Report Reveal About Our Path to Halting Climate Change - Eos

2024 was +1.6oC
vs. pre-industrial

Global Climate Highlights 
2024 | Copernicus

https://eos.org/articles/what-five-graphs-from-the-u-n-climate-report-reveal-about-our-path-to-halting-climate-change
https://climate.copernicus.eu/global-climate-highlights-2024


Our planet is getting warmer, CO2e driven
 Unequivocal warming through 

human activity

IPCC_AR6_SYR_SPM.pdf
Climate change: UN warning over nations' climate 
plans - BBC News

We have emitted more 
CO2e since 1991 than 
the rest of human history.

CO₂ emissions - Our World in Data

785 GtCO2
(since 1750)

948 
Gt
CO

2

1991

This Photo by Unknown Author is licensed under CC 
BY-NC-ND
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https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_SPM.pdf
https://www.bbc.com/news/science-environment-58600723
https://ourworldindata.org/co2-emissions
https://www.recantodasletras.com.br/poesias-de-reflexao/6693696
https://creativecommons.org/licenses/by-nc-nd/3.0/


 Bill Anders said, 
“We came all this 
way to discover 
the Moon. And 
what we really did 
discover is Earth.”

 Unique, as far as 
we know, in the 
Universe

Our gift, our home

1968 Apollo 8 (NASA) Earthrise, Dec. 24th 1968
See the Apollo 8 "Earthrise" in a Whole New Way - Universe TodayM
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https://www.universetoday.com/107384/see-the-apollo-8-earthrise-in-a-whole-new-way/


Temperature and CO2e correlate
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Climate Science 
(cs4s.net)

https://www.cs4s.net/climate-2.html


Arrhenius 1896
M

SE
-4

33

W
ak

em
an

12

On the Influence of Carbonic Acid in the Air upon the 
Temperature of the Ground (rsc.org)

https://www.rsc.org/images/Arrhenius1896_tcm18-173546.pdf


Major GHG 
contributors
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Emissions by sector - Our World in Data

Transport 
16%

• Road 12%
• Aviation 

1.9%
• Shipping 

1.7%

Chemicals 
5.8%

• 2.2% 
manufacturi
ng

• 3.6% 
powering 
chemical 
industry

Materials 20%

• Steel 7%
• Plastic 3%
• Aluminum 

0.5%
• Cement 3-5%
• Coal/energy 

mining 3-4%
• Other metals 

1%

 Engineered products touch 
many categories of the economy

https://ourworldindata.org/emissions-by-sector#direct-industrial-processes-5-2
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The great acceleration: Socio-economic trends (6 of 12)
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IGBPGreatAccelerationdatacollection.xlsx (live.com)

0

2

4

6

8

1750 1800 1850 1900 1950 2000

B
ill

io
n

Population

0

10

20

30

40

50

60

1750 1800 1850 1900 1950 2000

Real GDP

0

100

200

300

400

500

600

1750 1850 1950

Ex
aj

ou
le

 (E
J)

Primary energy use

0
200
400
600
800

1000
1200
1400

1750 1800 1850 1900 1950 2000

Million new vehicles / yr

0

1

2

3

4

5

1750 1800 1850 1900 1950 2000

Global water use, 
thousands km3 

0

50

100

150

200

1750 1800 1850 1900 1950 2000

Fertilizer consumption, 
million T

GPI = GDP (value of all goods and 
services produced) minus the 
environmental and social costs

https://view.officeapps.live.com/op/view.aspx?src=http%3A%2F%2Fwww.igbp.net%2Fdownload%2F18.950c2fa1495db7081ebc7%2F1421334707878%2FIGBPGreatAccelerationdatacollection.xlsx&wdOrigin=BROWSELINK


The great acceleration: Earth System trends (6 of 12)
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IGBPGreatAccelerationdatacollection.xlsx (live.com)
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https://view.officeapps.live.com/op/view.aspx?src=http%3A%2F%2Fwww.igbp.net%2Fdownload%2F18.950c2fa1495db7081ebc7%2F1421334707878%2FIGBPGreatAccelerationdatacollection.xlsx&wdOrigin=BROWSELINK


Continued advancing … but in a sustainable way
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 Find a way to capture the amazing 
advances we have made as a human 
society (health, longevity, science, 
technology, travel, art …)

Research: part of the great acceleration 

• in a sustainable way 
(without taking a 
mortgage on future 
generations)

• Value our own mental and physical health
• A remapping of we how we become more 

advanced as a society



Anthropocene
M

SE
-4

33

W
ak

em
an

18

 Start date range: i) Agricultural Revolution 12,000–15,000 years 
ago, ii) peak in radionuclides fallout from atomic bomb testing in 
1950s

 September 2021: formally proposed to International Commission 
on Stratigraphy (ICS) locating markers to the time period 
coinciding with the Great Acceleration, and the Atomic Age.

 Ratification rejected yet being opposed

Anthropocene - Wikipedia

Trinity was the code name of the first detonation of a nuclear device. 
It was conducted by the United States Army at 5:29 a.m. on July 16, 
1945, as part of the Manhattan Project.

Largest Mines in the World (911metallurgist.com)Terraforming:
The Diavik diamond mine, Canada (Rio Tinto)

maxresdefault.jpg (1280×720) (ytimg.com)

surgery-header.jpg (1100×385) (utmb.edu)

Proposed geological epoch dating from the 
commencement of significant human impact on 
Earth's geology and ecosystems, including, but not 
limited to, anthropogenic climate change

https://en.wikipedia.org/wiki/Neolithic_Revolution
https://en.wikipedia.org/wiki/Radionuclide
https://en.wikipedia.org/wiki/International_Commission_on_Stratigraphy
https://en.wikipedia.org/wiki/Great_Acceleration
https://en.wikipedia.org/wiki/Atomic_Age
https://en.wikipedia.org/wiki/Anthropocene
https://en.wikipedia.org/wiki/Code_name
https://en.wikipedia.org/wiki/Nuclear_device
https://en.wikipedia.org/wiki/United_States_Army
https://en.wikipedia.org/wiki/Manhattan_Project
https://www.911metallurgist.com/blog/15-largest-mines-on-earth
http://www.diavik.ca/
https://i.ytimg.com/vi/HnRFNpMjojc/maxresdefault.jpg
https://www.utmb.edu/images/librariesprovider104/default-album/surgery-header.jpg?sfvrsn=dd2b7e57_0
https://en.wikipedia.org/wiki/Epoch_(geology)
https://en.wikipedia.org/wiki/Human
https://en.wikipedia.org/wiki/Ecosystem
https://en.wikipedia.org/wiki/Anthropogenic_climate_change
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Steffen et. al, 16 January 2015, Science

Let the environment guide our development | 
Johan Rockstrom - YouTube

E/MSY = extinctions per million species-
years
BII = biodiversity intactness index

Nitrogen and Phosphorus cycles

Planetary boundary model

Planetary boundaries - Stockholm Resilience Centre

PB over time. 2009, 2015, 2023.jpg | Powered by Box

The tipping points of 
climate change — and 
where we stand -
Stockholm Resilience 
Centre
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https://www.youtube.com/watch?v=RgqtrlixYR4&t=8s
https://www.stockholmresilience.org/research/planetary-boundaries.html
https://stockholmuniversity.app.box.com/s/sr0nfknm95oydnnsm1zj0c526qzjn1vs/file/1387846933493
https://www.stockholmresilience.org/research/research-videos/2024-08-19-the-tipping-points-of-climate-change---and-where-we-stand.html


2023 Planetary boundary model
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For chemical to pose threat to earth system, 3 
conditions:
i) disruptive effect on a vital earth system 

process; 
ii) disruptive effect is not discovered until it is a 

problem at the global scale
iii) effect is not readily reversible

The Lawyer Who Became DuPont’s Worst Nightmare - The New York Times 
(nytimes.com)

all toxic and long-lived substances that humans 
release into the environment, persistent organic 
pollutants, e.g.  perfluorooctanoic acid (1950-2020!)

Defining the risk presented by novel entities: How plastic and chemicals 
affect Earth system integrity - Ikhapp

https://www.nytimes.com/2016/01/10/magazine/the-lawyer-who-became-duponts-worst-nightmare.html
https://ikhapp.org/stories-and-research-brief/defining-the-risk-presented-by-novel-entities-how-plastic-and-chemicals-affect-earth-system-integrity/


Climate tipping points
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the-emperor-s-new-
climate-
scenarios_ifoa_23.pdf

https://actuaries.org.uk/media/qeydewmk/the-emperor-s-new-climate-scenarios_ifoa_23.pdf


 Date humanity’s resource consumption 
for year exceeds Earth’s capacity to 
regenerate those resources that year. 

 “Overshoot” represents level by which 
human population exceeds sustainable 
amount of resources

 Day in which humanity enters 
environmental deficit spending

Earth overshoot day
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Earth Overshoot Day 2020 – Dynaversity

world biocapacity
(the amount of natural resources generated by Earth that year)

world ecological footprint
(humanity’s consumption of Earth’s natural resources for that 
year), and multiplying by 365, the number of days in a year.

EOD =

http://dynaversity.eu/2020/08/22/earth-overshoot-day-2020/


M
SE

-4
33

W
ak

em
an

23

global_temperature_spiral_2024_large.gif (1280×1280)

https://ed-hawkins.github.io/climate-visuals/SPIRALS/global_temperature_spiral_2024_large.gif


July 2023 – June 2024 above 1.5oC
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If warming continues at today’s pace, we expect to reach the 1.5°C threshold in the early 2030s.

Why do we keep talking about 1.5°C and 2°C above the pre-industrial era? | Copernicus

https://climate.copernicus.eu/why-do-we-keep-talking-about-15degc-and-2degc-above-pre-industrial-era


Warming raises 
precipitation events
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Chapter 11: Weather and Climate Extreme Events in a Changing 
Climate | Climate Change 2021: The Physical Science Basis

https://www.ipcc.ch/report/ar6/wg1/chapter/chapter-11/


Ocean warming
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About ninety percent of global warming is 
occurring in the ocean.

Ocean Warming | Vital Signs – Climate Change: Vital 
Signs of the Planet

The effects of ocean warming include sea level rise 
due to thermal expansion, coral bleaching, accelerated 
melting of Earth’s major ice sheets, intensified 
hurricanes*, and changes in ocean health and 
biochemistry.

Climate Change Indicators: Sea Surface Temperature | US EPA

https://climate.nasa.gov/vital-signs/ocean-warming/?intent=121
https://www.epa.gov/climate-indicators/climate-change-indicators-sea-surface-temperature


 Global surface temperature: years
 Permafrost: decades
 Ocean expansion: millennia

Time lines of reversal
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new-ipcc-2021-figure-5.png (600×1669) (wp.com)

Carbon dioxide stays in atmosphere for 
centuries to millennia, but carbon removal 
accelerates the natural cycle to store excess 
carbon in soil, plants, or water. 

A simplified computer model shows how long Earth systems take (years to centuries) to rebound 
following peak CO2 emissions (vertical gray dashed lines in each plot). Credit: IPCC [2021], FAQ 5.3

 climate change is 
the “Tragedy of the 
Horizon” 

 The catastrophic effects of 
climate change will be felt 
(well) beyond the traditional 
horizons of most (financial) 
actors

Mark Carney, ex governor of the 
bank of England

Reversal outside of pricing and 
economics (Significant non-trivial 

externalities not considered by 
economics)

https://i0.wp.com/eos.org/wp-content/uploads/2021/08/new-ipcc-2021-figure-5.png?ssl=1


More frequent and intense extreme weather events 
(heatwaves, droughts, floods, storms)
Rising sea levels threatening coastal communities
Biodiversity loss and ecosystem collapse
 Threats to food and water security 
Health impacts from air pollution and disease spread

Worsening trajectory UNLESS we change

Climate change is already causing
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 Unequal impacts
• Climate change disproportionately harms:
 Low-income countries with fewer resources to adapt
 Indigenous communities losing traditional lands and livelihoods
 The global poor facing food insecurity and displacement
 Future generations inheriting a degraded planet

 Over-consumption impacts
• Especially in wealthy countries, drives emissions through:
 Resource extraction and manufacturing
 Transportation of goods
 Waste generation and disposal
 Detrimental to our health

Climate change is causing and will cause
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Transformation
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 Systemic transformation
• Addressing the climate crisis requires fundamental changes to:
 Energy systems
 Transportation infrastructure
 Food production and distribution
 Urban planning and building design
 Economic models and incentives

 Individual action
• While systemic change is crucial, individual choices also matter:
 Reducing personal carbon footprints
 Making sustainable consumer choices



 Aim is to help you fight
 Not freeze in data overload
 Not run away and ignore the issue 

Flight, fight, or freeze

peter rabbit GIF (giphy.com)M
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https://giphy.com/gifs/peter-rabbit-peter-rabbit-9SIOcABjpsyvNlQZbR
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Ten photographs that made the world wake up to climate change | CNN

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

Waterfalls pour off a Nordaustlandet ice cap in Svalbard, 
Norway, during an unusually warm summer in 2014.
Courtesy of Paul Nicklen

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

An emaciated polar bear staggers on the search for food. The 
photograph, taken in 2017, received widespread attention, 
sparking a conversation around climate change.
Courtesy of Cristina Mittermeier

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

A kangaroo jumps past a burning house in Lake Conjola, 
Australia in December 2019. That season's bushfires were 
among the worst the country had ever seen, with nearly three 
billion animals killed or displaced.
Matthew Abbott/The New York Times

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

The bodies of six giraffes lie on the outskirts 
of Eyrib village in Sabuli wildlife 
conservancy, Kenya, in 2021. A prolonged 
drought in the northeast of the country and 
the wider Horn of Africa has created food 
and water shortages for both animals and 
local communities.
Ed Ram/Getty Images

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

Villagers stand on a remnant of a road in Bhola Island, 
Bangladesh, in 2005. The area, at the mouth of the Ganges 
delta, is still suffering from accelerated erosion due to sea level 
rise.
© Gary Braasch/naturepl.com

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

© 2023 James Balog/Earth Vision Institute.
These photos, taken in 2007 and 2022, show the 
retreating Sólheimajökull glacier in Iceland. In the last two 
decades, the speed of glacier melt is estimated to have 
doubled due to global warming.

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

© 2023 James Balog/Earth Vision Institute.
These photos, taken in 2007 and 2022, show the 
retreating Sólheimajökull glacier in Iceland. In the last two 
decades, the speed of glacier melt is estimated to have 
doubled due to global warming.

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

Polar bears move into an abandoned weather station in 
Kolyuchin, Russia. The majestic mammals are at particular risk 
from climate change, which is melting the Arctic sea ice that 
they depend on.
Dmitry Kokh

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html
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Ten photographs that made the world wake up to climate change | CNN

Alice, Stanley and their child were displaced as floods 
destroyed their house in Kenya in 2017. They are photographed 
at the Ol Pejeta Conservancy together in the same frame as 
Najin, one of the last two northern white rhinos in the world. 
It's part of photographer Nick Brandt's "The Day May Break" 
series that portrays people and animals impacted by 
environmental destruction.
© Nick Brandt, courtesy of Fahey/Klein Gallery, Los 
Angeles

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html


Yet our planet is still so beautiful and worth 
fighting to preserve
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A school of bright cardinalfish swerve to make way for a sea lion in the 
Galápagos. The archipelago off the coast of Ecuador is famous for its 
vibrant marine life and is one of the largest marine protected areas in 
the world.
Courtesy of Cristina Mittermeier

Ten photographs that made the world wake up to climate change | CNN

https://edition.cnn.com/2023/03/29/world/climate-change-photography-paul-nicklen-cristina-mittermeier-c2e-spc-intl-scn-climate/index.html


 Ecological ceiling
(and boundaries)
 Social foundation

(and shortfalls)
 Need the safe and just 

space between these 
social and planetary 
boundaries
 Humanity’s 21st century 

goal

Our socio-economic model also affects us as 
humans
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Meet the doughnut: the new economic model that could help end inequality | World Economic Forum 
(weforum.org)

Image: Kate Raworth and Christian Guthier/The Lancet Planetary Health

Doughnut | Kate Raworth

https://www.weforum.org/agenda/2017/04/the-new-economic-model-that-could-end-inequality-doughnut
https://www.kateraworth.com/doughnut/


 The Lifebuoy Economy, 
redrawn from Kate 
Raworth’s image of the 
doughnut economy 
(www.kateraworth.com/do
ughnut/) 

 (because doughnuts are used for 
gorging and contribute to obesity, 
while lifebuoys are used for rescue 
and contribute to survival!). Graphic 
by Emanuel Santos

Life buoy economy
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Sustaining Planetary Health in the Anthropocene (Chapter 12) - Planetary Health (cambridge.org)

http://www.kateraworth.com/doughnut/
https://www.cambridge.org/core/books/planetary-health/sustaining-planetary-health-in-the-anthropocene/9E830BA3D638311733575CFB9965AE48#figures


UN 2030 sustainable development goals

Home | Sustainable Development 
(un.org)

Transforming our world: the 
2030 Agenda for Sustainable 
Development | Department 
of Economic and Social 
Affairs (un.org)
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https://sdgs.un.org/#goal_section
https://sdgs.un.org/2030agenda
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The Doughnut economy and circularity in business models – Best For The World

https://bestforthe.world/the-doughnut-economy-and-circularity-in-business-models/


THE 17 GOALS | Sustainable Development (un.org)

Materials, products, and supply chains contribute to many 
SDGs especially 6,7,9,11,13M
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https://sdgs.un.org/goals


… but 
• goal 12 “Sustainable 

consumption and production” 
is a challenge for materials, 
products, and supply chains

• circular economy is a key 
enabler to SDG 12

Goal 12 | Department of Economic and Social Affairs (un.org)M
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https://sdgs.un.org/goals/goal12


SDG progress
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Countries are making incremental progress on strengthening their NDCs, 
but what we really need to achieve the goals of the Paris Agreement is 
urgent transformational change.

SDG Tracker: Measuring progress towards the Sustainable Development Goals - Our World in Data
state-of-ndcs-2022.pdf (wri.org)
(15) (PDF) Global pathways to sustainable development to 2030 and beyond (researchgate.net)

https://ourworldindata.org/sdgs
https://files.wri.org/d8/s3fs-public/2022-10/state-of-ndcs-2022.pdf?VersionId=VqrCpyQHmf5utPcHCScbqeTgU2p2SOam
https://www.researchgate.net/publication/346766239_Global_pathways_to_sustainable_development_to_2030_and_beyond


 In this sense, what we consider to be a healthy 
environment now, past generations would consider to be 
degraded, and what we judge to be degraded now, the 
next generation will consider to be healthy or ‘normal’. 

 Without memory, knowledge, or experience of past 
environmental conditions, current generations cannot 
perceive how much their environment has changed
(because they are comparing it to their own ‘normal’ 
baseline and not to historical baselines).

Shifting baseline syndrome (Daniel Pauly in 1995)
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Are You Suffering From Shifting Baseline Syndrome? | Earth.Org - Past | Present | Future

shifting-baselines-620x775.jpg 
(620×775) (uvic.ca)

‘A gradual change in the accepted norms for the 
condition of the natural environment due to a lack of 
experience, memory and/or knowledge of its past 
condition’. 

https://earth.org/shifting-baseline-syndrome/
https://onlineacademiccommunity.uvic.ca/readingandwritingcommunity/wp-content/uploads/sites/3192/2020/02/shifting-baselines-620x775.jpg
https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1002/fee.1794


 Ask your parents and grandparents, where still alive, about changes to
• Climate
• Insects
• Birds

Activation
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Shifting baseline syndrome (Daniel Pauly 
in 1995)
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Schlechte Aussichten für den Aletschgletscher | ETH 
Zürich
Sicht von Eggishorn / View from Eggishorn - YouTube

https://ethz.ch/de/news-und-veranstaltungen/eth-news/news/2019/09/aletschgletscher.html
https://www.youtube.com/watch?v=f3VBw58YaZk&t=5s
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The world is changed, 
I feel it in the water, 
I feel it in the earth, 
I smell it in the air; 
much that once was is lost; 
for none now live who remember it 

30sec

https://youtu.be/qj139dE7tFI

https://youtu.be/qj139dE7tFI


 Net importers of CO2

 High standard of living & wealth drive consumption based CO2 emissions

Key issues for Switzerland
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Climat: Holcim et Lonza, les plus gros pollueurs en Suisse - rts.ch - Suisse How do CO2 emissions compare when we adjust for trade? - Our World in Data

CHE: consumption based CO2

https://www.rts.ch/info/suisse/12169855-climat-holcim-et-lonza-les-plus-gros-pollueurs-en-suisse.html
https://ourworldindata.org/consumption-based-co2


Switzerland forecast to 2085
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Brochure CH2018 (admin.ch)Rapport technique CH2018 (admin.ch)

Median
+4oC Lausanne 2060
+6oC Lausanne 2085
(my Kids)

https://www.nccs.admin.ch/nccs/fr/home/changement-climatique-et-impacts/scenarios-climatiques-suisses/commander-la-brochure-ch2018.html
https://www.nccs.admin.ch/nccs/fr/home/changement-climatique-et-impacts/scenarios-climatiques-suisses/rapport-technique.html


#ShowYourStripesM
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Negative externalities

https://showyourstripes.info/
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plan-canicule-public-juin-2024_0.pdf La canicule plus meurtrière à Genève 
qu'ailleurs en Suisse

Risque d'orage violent sur Genève - lematin.ch

Genève. Des “micro-oasis” pour lutter contre la canicule en ville

https://www.geneve.ch/document/plan-canicule-public-juin-2024
https://www.lemanbleu.ch/fr/Actualites/Geneve/La-canicule-plus-meurtriere-a-Geneve-qu-ailleurs-en-Suisse.html
https://www.lematin.ch/story/risque-d-orage-violent-sur-geneve-463447435936
https://www.ledauphine.com/environnement/2023/08/18/des-micro-oasis-pour-lutter-contre-la-canicule-en-ville


Three degrees of global warming is quite plausible and 
truly disastrous | The Economist
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https://www.economist.com/briefing/2021/07/24/three-degrees-of-global-warming-is-quite-plausible-and-truly-disastrous


The future is not automatically predetermined

Which pathways should we take?

Everyday we decide tomorrow’s future, 
one decision at a time …
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Five standard trajectories that 
represent possible future 
socioeconomic development for 
global or regional societies.
 SSP1: Sustainability
 SSP2: Middle of the road
 SSP3: Regional rivalry
 SSP4: Inequality
 SSP5: Fossil-fuel development

Shared Socioeconomic Pathways (SSPs) 61
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SSP2_Overview.pdf
https://doi.org/10.1016/B978-0-12-820308-8.00003-9

https://unece.org/fileadmin/DAM/energy/se/pdfs/CSE/PATHWAYS/2019/ws_Consult_14_15.May.2019/supp_doc/SSP2_Overview.pdf
https://doi.org/10.1016/B978-0-12-820308-8.00003-9


Which pathway should we take?
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… Discuss with you neighbor



SSP1: Sustainability
 The world shifts gradually, but pervasively, 

toward a more sustainable path, 
emphasizing more inclusive development 
that respects predicted environmental 
boundaries.

 Management of the global commons slowly 
improves, educational and health 
investments accelerate the demographic 
transition, and the emphasis on economic 
growth shifts toward a broader emphasis 
on human well-being. 

 Driven by an increasing commitment to 
achieving development goals, inequality is 
reduced both across and within countries.

 Consumption patterns modified toward low 
material growth and lower resource and 
energy intensity.[4][12]

Shared Socioeconomic Pathways (SSPs)
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Atmospheric CO2, fossil fuel emissions, Shared Socioeconomic Pathways and the Paris 
Agreement. | Weather and Climate @ Reading

SSP will affect CO2e …

https://en.wikipedia.org/wiki/Shared_Socioeconomic_Pathways#cite_note-:2-4
https://en.wikipedia.org/wiki/Shared_Socioeconomic_Pathways#cite_note-12
https://blogs.reading.ac.uk/weather-and-climate-at-reading/2022/atmospheric-co2-fossil-fuel-emissions-shared-socioeconomic-pathways-and-the-paris-agreement/


SSPs affect CO2e then temperatures and weather
What we choose as a society and individually affect our future

64
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IPCC_AR6_WGI_TS.pdf

SSP5

SSP2

SSP1

https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_TS.pdf


Despite international agreements like the Paris Accord …
 Current national policies and commitments fall far short of the emissions 

reductions needed to limit warming to 1.5°C or even 2°C. 
 Many countries continue to expand fossil fuel production and infrastructure.
 Urgent escalation needed. Meeting climate goals requires:

• Rapidly phasing out fossil fuels
• Massive scaling up of renewable energy
• Transforming agricultural and land-use practices and our diet
• Protecting and restoring natural carbon sinks
• Implementing carbon pricing and regulations
• Increasing climate finance for developing countries

• Without immediate, dramatic policy changes and actions, we walk ever 
further into undesirable SSPs for human and planetary health.

Policy shortfalls
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 Starts from the principle that the economy can and 
should be delivering the outcomes demanded by 
the SDGs.  
 If it doesn’t, how else do governments expect to 

achieve them? 
 The three chief actors in the economy – business, 

government and finance – have good reason, and 
many would argue responsibility, for ensuring this 
happens.
 It is worth working together as partners to enable 

this.

How can we re-wire our economy?
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Rewiring the Economy: Ten tasks, ten years | Cambridge Institute for Sustainability Leadership (CISL)

https://www.cisl.cam.ac.uk/resources/cisl-frameworks/rewiring-the-economy


What should the economy be delivering?
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C

Enhanced health, education, 
justice and equality of 

opportunity for all
Secure, socially inclusive 
jobs and working 
conditions for all

Food, water, energy, shelter,
sanitation, communications, 
transport, credit and health for all

Limit GHG levels 
to stabilise global 
temperature rise 
to well below 2ºC

Preserve stocks 
of natural resources 

through efficient
and circular use

Maintain ecologically sound 
landscapes and seas for 

nature and people rewiring-the-economy-report.pdf

https://www.cisl.cam.ac.uk/system/files/documents/rewiring-the-economy-report.pdf


Without a vision the people perish …
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4 NetZero Energy Lessons | NetZero Buildings

AP to set up solar-wind hybrid project with battery back-up – The Leading Solar Magazine In India (eqmagpro.com)

ZEROe on the Rise at Airbus - CAFE Foundation Blog

[기업소개] 수소연료탱크제조사 '일진다이아' : 네이버블로그 (naver.com)

Daily Mail Online

EV World Record: Mercedes Benz Vision EQXX Travels 1,000 Km On A Single Charge (forbes.com)

Support Rewilding — The Scottish 
Rewilding Alliance

Child Fun Outdoors - Free photo on Pixabay

People Group Many - Free photo on Pixabay

https://www.netzerobuildings.co.uk/news/4-net-zero-energy-lessons/
http://www.eqmagpro.com/ap-to-set-up-solar-wind-hybrid-project-with-battery-back-up/
http://cafe.foundation/blog/zeroe-on-the-rise-at-airbus/
https://blog.naver.com/PostView.nhn?isHttpsRedirect=true&blogId=revive106&logNo=221182340042
https://www.dailymail.co.uk/sciencetech/article-2802380/is-street-view-secret-relaxing-researchers-watched-3d-video-tree-lined-streets-significantly-improved-state-mind.html
https://www.forbes.com/sites/peterlyon/2022/04/13/world-record-mercedes-benz-vision-eqxx-travels-1000-km-on-a-single-charge/
https://www.rewild.scot/support-rewilding
https://pixabay.com/photos/child-fun-outdoors-happiness-3147809/
https://pixabay.com/photos/people-group-many-child-education-3137672/


We need to acknowledge our emotions
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Please download and install the 
Slido app on all computers you use

What emotions have come 
up inside you as you listened 
to this lecture?

ⓘ Start presenting to display the poll results on this slide.



 Climate change is a reality we cannot ignore

 Compelling data and evidence around us

Move from data analysis / paralysis to targets and action

 This benefits our health

Will benefit the ecosystems on which we depend

We need to re-wire the economy

Summary
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Annex



Some resources
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Planetary dashboard shows “Great Acceleration” in human activity since 1950 - IGBP

http://www.igbp.net/news/pressreleases/pressreleases/planetarydashboardshowsgreataccelerationinhumanactivitysince1950.5.950c2fa1495db7081eb42.html
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The economy should be delivering the 
outcomes demanded by the SDGs
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NATURAL RESOURCESLABOUR

I

GOODS
AND

SERVICES

PRIVATE
WEALTH

Support system 
provided to the 
economy by nature, 
often at no cost

Waste and emissions
to land, water and air
from the economyWealth created by the 

economy through provision
of labour and ownership of 
assets

The economy’s 
contribution to the 
public good

Skills and labour
required by the 
economy

Goods and services for
humanity

Materials,
energy and
water 
demanded by
the economy

rewiring-the-economy-report.pdf

• The economy is dependent on inputs of labour, 
natural resources and ecosystems to function, 
in turn producing goods and services, wealth, 
waste and emissions as outputs. 

• Some of these inflows and outflows are 
accounted for financially, while others – like 
clean air, pollination and rainfall – sit outside 
public or private balance sheets and are, 
effectively, free. 

• If the draw down on these resources (the 
‘global commons’) is not managed carefully 
then economic and social progress is 
hampered. 

• Ten tasks for business, government and 
finance which drive up positive impacts like 
decent jobs and drive down negative impacts 
like inequality, waste and resource scarcity

https://www.cisl.cam.ac.uk/system/files/documents/rewiring-the-economy-report.pdf


Re-wiring the economy
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CB

rewiring-the-economy-report.pdf

• The economy needs re-
wiring requiring significant 
co-operation among 
business, government and 
finance. 

• Ten tasks: how these 
critical partners in the 
economy can concentrate 
their energies around this 
aim. 

• Aim is to find your own 
place in it and the role you 
might play in advancing its 
objectives.

https://www.cisl.cam.ac.uk/system/files/documents/rewiring-the-economy-report.pdf
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