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Yesterday’s Summary
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 Ice cores for climate science
 The time machine
– decay series dating
– cosmogenic nuclide dating
– application examples
– surface exposure dating

 Abrupt climate change during the last glacial cycle
– Dansgaard-Oeschger Events
– Bipolar seesaw
– Heinrich Events
– Pa/Th proxy for ocean circulation rate

Ice Cores Time Machine DO Events Pa/Th proxy Heinrich Events
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Today’s Overview
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Modelling Feedbacks Humans IPCC AR6 Conclusions

 Climate Modelling
 Climate Feedbacks and Tipping Points
 The Human Influence
– human civilisation
– human emissions
– other influences

 IPCC AR6 projections



Climate Modelling
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Climate Modelling
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 Numeric modelling is used very often in (paleo)climate
 Useful to test magnitudes and interactions
 Help us understand and quantify complex outcomes
 Can be used to e.g.
– extrapolate from sparse observations
– turn proxy results into meaningful numbers
– test hypotheses
– project into future

 However, they are only as good as the concepts
 Bullshit in → bullshit out!
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Climate Modelling
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 Climate System Models (CSM) are most comprehensive
 Computationally intensive, depending on resolution
 Different resolutions for different problems
 Spatial and Temporal resolutions are correlated

 Everything happening below model scale needs to be 

parameterised
 For focus on specific domains others can be simplified 
 Models with dynamic interactions between domains 

are called (fully) coupled → much more costly
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Climate Modelling
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 No model is perfect

→ choose the right design for each question

 Model “verification” via
– modern data
– historical or paleo data
– model intercomparison

→ Coupled Model Intercomparison Project

→ Paleo Model Intercomparison Project

Modelling Feedbacks Humans IPCC AR6 Conclusions



Climate Modelling
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Climate Modelling
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perform energy and 
transport equations 
for each time step
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Climate Modelling
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Climate Modelling
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Climate Modelling
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Climate Modelling
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All models are wrong, 
but some are useful.

George Box
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Feedbacks and Tipping Points
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Feedbacks and Tipping Points
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Journal of Human Evolution

Forcing Forcing
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Feedbacks and Tipping Points
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PNAS

Time
Forcing
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Feedbacks and Tipping Points
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PNAS
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Human Influence
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Human Influence
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7 Ma chimpanzees → hominins
200 ka modern humans

agriculture
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Human Influence
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Nature
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Human Influence
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Current epoch:
The Anthropocene
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Human Influence
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Human Influence
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Nature

Global Climate during Human Civilization
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Global Climate during Human Civilization
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Global Climate during Human Civilization
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Human Influence
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Global Climate during Human Civilization

recent warming

natural
warming
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Human Influence
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418.04 ppm
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Human Influence
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preindustrial ~ 280 ppm
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Human Influence
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mid 19th C.

Fourier, 
Tyndall, 
et al.:

absorption & 
GHG

Arrhenius

Glacial 
Cycles

~ 5.5 °C

end 19th C. 1950s

next ice 
age 
coming?

1970s

nope,
that’s 
cancelled

global 
warming
coming

1990s

yep, 
it’s here

just as 
we 
projected

2020s

it really 
is here

call it 
climate 
change

your turn
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Human Influence
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burning all fossil fuels in a reasonable time:
~ 1500 ppm (~ Eocene)
and then steady decrease over ~ 100 ka
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Human Influence
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Nature

how much CO
2
?
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Human Influence
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CO
2
:

1.7 Tt
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Human Influence
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where did all the CO2 go?
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Human Influence
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where did all the CO2 go?
https://youtube.com/watch?v=dwVsD9CiokY
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Human Influence
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Human Influence
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Human Influence
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examples on fossil fuels
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Human Influence
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 average energy intensity EU ~ 0.2 kg CO
2
 per € spent

 how much is 0.2 kg CO
2
?

 @ 20°C ideal gas ~ 24 litres / mole
 0.2 kg CO

2
 ~ 4.5 moles

→ ~ 100 litres CO
2
 gas 

(that’s a nice bath in a small tub)
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Human Influence
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 how much does burning coal heat 

the planet vs. e.g. your house?

 1 kg coal: 30 MJ heating value (8 kWh), 3.2 kg CO
2

 70 ppm CO
2
 increase ~ climate forcing of 2.5 W/m²

 Earth surface ~ 510.000.000 km² → 1.3 * 1015 W
 ~ 800 Gt C in atmosphere (3000 Gt CO

2
)

 3.2 kg CO
2
 from coal ~ 10-15 of atm. CO

2
 ~ 1W

 8000 h ~ 333 d ~ 1 year
 over 100 years ~ 100 x more heating in atmosphere 

same as spending 
average 16 €!
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Forster et al. (2023),
Earth System Science Data
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Forster et al. (2023),
Earth System Science Data



Human Influence
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Stockholm University

Planetary Boundaries
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IPCC

Patrick Blaser – Paleoclimatology – Day 5 60 Helene Karlsson,
Stockholm University

Intergovernmental Panel on Climate Change
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IPCC
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Projections based on 

Representative Concentration Pathways (RCP)

 RCPX has climate forcing of X W/m² in 2100
 does not consider feedbacks on emissions

 RCP2.6: peak @ 490 ppm in 2020
 RCP4.5: rise to 650 ppm in 2100
 RCP6.0: stabilising 800 ppm in 2100
 RCP8.5: > 1370 ppm in 2100
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IPCC AR6
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IPCC AR6
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IPCC AR6
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IPCC AR6
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IPCC AR6
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IPCC AR6
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IPCC AR6
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example risks
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IPCC AR6
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IPCC AR6
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IPCC AR6
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IPCC AR6
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IPCC AR6
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example for
complex risk
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 Climate Modelling
 Climate Feedbacks and Tipping Points
 The Human Influence
– human civilisation
– human emissions
– other influences

 IPCC AR6 projections
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Further Literature
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 Princeton Primers in Climate series

– Paleoclimate (Michael L. Bender, 2013)

Princeton University Press

 Introduction to Climate Science

Open Textbook by Andreas Schmittner, 2019
(https://open.oregonstate.education/climatechange)

 IPCC (Sixth Assessment Report, 2021)
(https://www.ipcc.ch)

 ourworldindata.org
 carbonbrief.org
 PC game “Fate of the World”

https://open.oregonstate.education/climatechange
https://www.ipcc.ch/


Conclusions?
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