
Axel Timmermann

Next Generation Earth System 

Model Projections 



The IBS Center for Climate Physics

Founded: 2017 Aleph Isotope labOur home: PNU

Over past 8 years: 100 
members from 17 
different countries, 

Here

Now: 61 members from 12 
different countries, 

6 professors



Predicting

Simulating Reconstructing Understanding Observing 

L//tΩǎ Ƴƛǎǎƛƻƴ ƛǎ ǘƻ ŜƴƘŀƴŎŜ ǘƘŜ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 
natural climate variability and anthropogenic 
climate change, and to improve the ability to 
simulate and predict climate impacts on ice-
sheets, sea level, life, planetary health and 
regional processes.

The IBS Center for Climate Physics: Mission 



The IBS Center for Climate Physics: Tools 
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The simple scientific 
facts



Graphics: National Centre for Atmospheric Science, UoR, UK.
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Our Planet is warming at unprecedented rates



Greenland volume

Antarctica volume

Ocean heat

... causing sea level rise 

7 cm/23 years 

Acceleration 

Graphics: Axel Timmermann, IBS Center for Climate Physics, The Republic of Korea
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Some years faster than others...

Graphics: Axel Timmermann, IBS Center for Climate Physics, The Republic of Korea

ENSO

Stratospheric water 
vapor

Reduced Aerosols



"Most of the warming observed over the last 50 years is likely to have been due to the increase in

greenhouse gas concentrations."

"Most of the observed increase in global average temperatures since the mid-20th century is very

likely due to the observed increase in anthropogenic greenhouse gas concentrations."

It is extremely likely that human influence has been the dominant cause of the observed warming 

since the mid-20th century

"It is unequivocal that human influence has warmed the atmosphere, ocean, and land. Widespread

and rapid changes in the atmosphere, ocean, cryosphere, and biosphere have occurred."

AR3, 2001

AR4, 2007

AR5, 2013/14

AR6, 2021/22

The cause: "Anthropogenic GHG emissions" 

Summary for Policymaker Statements from Intergovernmental Panel On Climate Change 



How to simulate the 
Future?



Quantum 

mechanics
Fluid dynamics ThermodynamicsElectromagnetism

Empirical

Parameterizations

Physical equations

CLIMATE MODEL

~1,000,000 lines 

of  Fortran 

computer code

What is a Climate Model?

Forcings



Emission Scenarios: the future is still in our hands 

Low CO2

emissions

High CO2

emissions

Forcings

Graphics: Meinshausen et al. (2020)

Shared Socioeconomic Pathways are 

future human development scenarios

Åsustainable development (SSP1) 

Åmiddle-of-the-road development (SSP2), 

Åregional rivalry (SSP3), 

Åinequality (SSP4)

Åfossil-fueled development (SSP5)



Emission Scenarios: the future is still in our hands 

Graphics: Adapted from IPCC, AR6, Summary for Policymakers

Annual Hottest Temperature Change



Status of the Earth System Modeling

Graphics: UCAR, Growth of Climate Modeling



Climate Modelling: the issue of resolution
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Graphics: Sun-Seon Lee, IBS Center for Climate Physics
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Climate Futures at 9 
km global resolution
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ωOrographic features, such as the western 
Ghats play a key role in anchoring summer 
rainfall

ωMesoscale systems with small-scale 
filaments can also contribute to extreme 
rainfall across India

ωThese features are not well resolved in 
typical models used in the Coupled Model 
Intercomparison Project, phase 6

A high-resolution perspective on 
Monsoon systems 

wind

rain

clouds

OpenIFS-FESOM, 9 km atmosphere Moon et al. ESD (2025)
Graphics: Axel Timmermann


