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OUTLINE / 
MOTIVATION

• The climate system – complex coupled subsystems interacting in 
complicated ways

• Coupled models of atmosphere-ocean circulation as a laboratory for 
scientific studies

• The mid-Pliocene as a case study for analyzing a past state of warmer 
climate
(➱ Beyond models, we cannot study the future – but we can study the past)

• Understanding climate dynamics in coupled climate models difficult
(many simultaneous changes)

• Solution: take a step back, analyze model results in simpler climate models

• Tutorial: five sets of simulations by the Community Earth System models (COSMOS) 
are further analyzed in a zero-dimensional energy balance model

• Five assignments, each one to be solved by a group of students

• Collaboration between groups explicitly supported (and necessary for some tasks)

• Focus of the problems is on understanding the analysis and discussing some 
implications of results

• All analyses already coded in Python/CDO and formulated in jupyter-notebooks

• You are of course very welcome to modify example code for further analyses



THE COUPLED 
CLIMATE 
SYSTEM
• Complex interactions of the 

various subsystems generate 
an integrated climate signal

• Unraveling causal chains in 
the climate system that 
follow a change in a specific 
climate driver is complicated

• Separation of cause and 
effect is difficult

• Use climate models as a 
controlled laboratory

Figure 1 of IPCC AR3, available at: 
https://www.ipcc.ch/report/ar3/wg1/chapter-1-the-climate-system-an-
overview/ 



THE COSMOS
• One submodel per climate 

system compartment 
(atmosphere / ocean / sea ice 
/ land)

• Not all climate subsystems 
explicitly represented
(e.g. no ice sheet dynamics)

• Model couples fluxes of 
energy / mass / momentum 
between submodels 

• Studying the climate system 
by analyzing effects of 
controlled perturbations

Figure 1 by Stepanek et al. (2020), available at:
https://cp.copernicus.org/articles/16/2275/2020/cp-16-2275-
2020.html



THE MID-
PLIOCENE
• About 3 Million years before 

present

• Similar greenhouse gases as 
today, but much warmer 
(globally +2-3°C above 
modern)

• Much smaller ice sheets 
and much higher sea level 
(~25 m higher than today)

• Considered as one potential 
analog for future climate 

(CO2 similar to today!)

• ➱Focus of intense research 
(reconstructing and 
modeling of climate) By Source (WP:NFCC#4), Fair use, 

https://en.wikipedia.org/w/index.php?curid=38719243

A view into the Pliocene Canadian High Arctic produced for the 
Canadian Museum of Nature by scientist and artist Julius 
Csotonyi



THE SCIENTIFIC 
PROBLEM
• Complex climate models are 

valuable tools to derive the 
state of climate for a specific 
forcing (e.g. carbon dioxide) 

• Unraveling the dynamics, 
that lead to a specific climate 
pattern based on a specific 
forcing, is difficult in a 
complex climate model

• ➱ After deriving a climate 
pattern in a complex model, 
we may study the dynamics 
behind it in a simpler model

• Example: Zero-dimensional 
Energy Balance Model (EBM)

Climatic impact of mid-Pliocene 
geography with the COSMOS 
(Stepanek et al., 2020)

Global avg. temperature 
change in phase space of 
planet. albedo and effective 
longwave emissivity

Stepanek et al. (2020)



ANALYZE COSMOS 
CLIMATE IN EBM 

• Climate (T, radiation, ...) 
simulated with COSMOS

• Compute planetary 
albedo α and effective 
longwave emissivity ϵ from 
COSMOS climate output 
based on their physical 
definitions (see tutorial 
notebooks)

• Recompute T in EBM from α 
and ϵ for reference

• Compute contributions 
of α and ϵ to T

• Visualize results in phase 
space of α and ϵ

dTα = TEBM(αexp,ϵexp)- TEBM(αref,ϵexp)

dTϵ = TEBM(αexp,ϵexp)- TEBM(αexp,ϵref)
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TUTORIAL BASED ON 
PYTHON3 / JUPYTER-
NOTEBOOK
• Five assignments

• Two COSMOS simulations per 
assignment, study impact of a 
change in climate forcing / 
parameters

• Analysis of climate anomalies, 
"experiment" (perturbed 
simulations) vs. "reference" 
(simulated reference climate)

• Quantification of global 
average quantities in 
COSMOS, further analysis in a 
zero-dimensional EBM

• Visit https://jupyter.org/ for 
infos on jupyter-notebooks

notebook reference experiment perturbation

1 Pre-Industrial (PI), with:
➱modern geography
➱280 ppmv CO2

➱standard ocean mixing

as PI, but with:
➱modern geography
➱560 ppmv CO2

➱standard ocean mixing

doubling CO2 for 
modern geography

2 PI, with:
➱modern geography
➱280 ppmv CO2

➱standard ocean mixing

mid-Pliocene (mP), with:
➱mP geography
➱560 ppmv CO2
➱standard ocean mixing

doubling CO2,
implementing 
mP geography

3 as PI, but with:
➱modern geography
➱400 ppmv CO2

➱standard ocean mixing

mP, with:
➱mP geography
➱400 ppmv CO2

➱standard ocean mixing

implementing mP 
geography at 400 
ppmv of CO2

4 mP, with:
➱mP geography
➱280 ppmv CO2

➱standard ocean mixing

mP, with:
➱mP geography
➱560 ppmv CO2

➱standard ocean mixing

doubling CO2 for m
P geography

5 mP, with:
➱mP geography
➱400 ppmv CO2

➱standard ocean mixing

mP, with:
➱mP geography
➱400 ppmv CO2 
➱increased ocean mixing

increasing ocean 
vertical mixing for 
mP geography and 
400 ppmv CO2

https://jupyter.org/


• Download tutorial from:
https://1drv.ms/f/s!AnZSDM
NwdkDMgccDeuhjFFrmQHaq
vw?e=RTWVOa

• Study notebooks 
and accompanying literature

• Answer problems outlined 
at the end of your notebook, 
work in groups

• Interact with other 
groups where necessary (as 
outlined in the notebooks)

• Prepare a presentation of 
your solutions for the 
lecture on 30th 
of January 2024

TUTORIAL BASED ON 
PYTHON3 / JUPYTER-
NOTEBOOK
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QUESTIONS?
 contact 

Christian.Stepanek@awi.de



QUESTIONS?
 contact 

Christian.Stepanek@awi.de

Folders containing data used 
and produced by individual 
jupyter-notebooks

Graphics produced by 
individual jupyter-notebooks as 
a result of the data analysis

Notebooks (*.ipynb-files) of the 
five different assignments. 
These can be opened with a 
jupyter-notebook server and 
interactively executed. You can 
modify the program code 
towards further exploration of 
model data. As a backup, there 
are also *.html-files that 
contain all contents of the 
*.ipynb-files and that can be 
opened with any web-browser
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