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Climate change: A brief overview
Svante Arrhenius (1859–1927)

➔ Doubling of CO2 leads to a global mean warming of 
5–6oC (IPCC = 2.5–4.5oC)

Late 19th century: CO2 can impact climate



Climate change: A brief overview
1990s: It probably has and we know the spatial pattern

"for the physical modelling of Earth's 
climate, quantifying variability and reliably 
predicting global warming"



Climate change: A brief overview
Early 21st century: People recognize widely that is has, in a global mean sense



Climate change: A brief overview
Today: It matters to all of us, everywhere



Climate models: Our tools to look into the future
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Climate models and resolution
IPCC AR4 (2007) IPCC AR5 (2014)

IPCC AR6 (2021) Km-scale

Near-surface temperature



Eddy-rich ocean models (FESOM/ICON)

A km-scale climate model in action

Europe in winds

Rackow et al. (2024)



Eddy-rich ocean models (FESOM/ICON)

How realistic are these models?
Satellite

“IPCC model” Km-scale

Indistinguishable from observations



Does it matter: Upscaling?

2070–2099 minus 1976–2005 

Rackow et al., Nature Comm. (2022)



Does it matter: Global downscaling?

AWI-ICCP collaboration

Climate change at 9 km – climate change information with local granularity, globally



Eddy-rich ocean models (FESOM/ICON)

Climate information with local granularity – globally

Current conditions +1°C world +2°C world Imagine a high-speed train 
that departs from 
Copenhagen at 6:00 and 
arrives in Naples at 19:00. 
This train could operate 
within the future climate, 
allowing you to estimate 
the conditions your 
equipment will 
experience. You could 
have thousands of 
different trains, routes, 
and schedules, and 
optimize your future 
transport system.



Storylines: 
Making climate change more tangible



Extreme events in a warming world



Storylines: A heatwave example

Weather forecast for 25 July 2019

How would this day “look like“ in a +2K 
and +4K warmer world?

How would this day have “looked like“ in 
pre-industrial times?



The jet stream



The approach
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• Take a climate model that contributed 
simulations to IPCC AR6 (spp370).

• Repeat for +4K World (≈ 2093)

• Repeat for pre-industrial climate (≈ 1850)

• Branch off simulations for present-day 
climate in which the observed evolution 
of the jet stream is imposed through 
spectral nudging  (1 Jan 2017 to 31 Dec 2020), 
keeping everything else untouched.

• Repeat for +2K World (≈ 2042)



Temperatures for “25th July 2019“ in different worlds

Present-day Pre-industrial +4K warmer world

Sanchez-Benitez et al., J. Climate (2022)



Storylines of the summer of 2023

Pre-industrial Present-day +4 K world

Updated from Sanchez-Benitez et al., J. Climate (2022)



Climate change signal of the day

Pre-industrial Present-day +4 K world+4 K world

+4 K minus pre-industrial 



Other applications: Near-real-time storylines



How to answer the (many) questions people may have?



Climate services to the rescue?



Towards local climate information, for all

Koldunov and Jung (2024)

+ Large Language Model (OpenAI API)

+ User question + location
+ Clear definition of the scope

+ Climate data
+ Other spatial data (e.g., land use and height)

+ Text data (e.g., IPCC and policy documents)

Components of the prototype:



Towards local climate information, for all

Koldunov and Jung (2024)



Towards local climate information, for all

Koldunov and Jung (2024)
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Positive narratives

How a net-zero world in which 
humans have adapted to the 
inevitable climate change could 
look like.


