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Structure 

Motivation: Understanding and projecting climate change 

 

Observations and Models 

Observing the climate system with state-of-the-art observatories 

Modelling the climate system with state-of-the-art models 

 

Why? 

Can we learn from the past? Yes! 

Can we inform planning für the future? Certainly! 

Peter Braesicke – Climate Science 31.09.2015 
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Classic Climate Change 

Peter Braesicke – Climate Science 31.09.2015 
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Large-Scale Data Management and Analysis 

Peter Braesicke – Climate Science 31.09.2015 

Run a model 

Fly an instrument 

 

Archive/store data 

(NetCDF, CF convention) 

 

Make sure meta-data is 

sufficient and consistent 

 

Analyse data (e.g. trends) 

Create added-value data 

 

Publications with firm 

conclusions (e.g. trends) 

 

Teaching (based on the 

whole experience)  
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Philosophy 

Peter Braesicke – Climate Science 31.09.2015 

(Platforms) 

(Coupled partial 

differential equations) 

(Discretisation, algorithm 

selection, etc.) 

(Optimising code, 

managing data) 
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Modelling and Observing 

Peter Braesicke – Climate Science 31.09.2015 

Modelling 

Observing 

Generating a model (evidence for processes) 

Initialising a model (initial value problem - weather) 

Providing boundary conditions for model (climate) 

Testing a model (modelling the past) 

Homogenising observations (data assimilation) 

Confronting models and observations … 
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Vertical Structure (Strat. - Trop.) 

Peter Braesicke – Climate Science 31.09.2015 

Braesicke, doi:10.1016/B978-0-12-382225-3.00227-9 

WMO, 2014 

http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
http://dx.doi.org/10.1016/B978-0-12-382225-3.00227-9
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Global Circulation 

Peter Braesicke – Climate Science 31.09.2015 

• Motion/Transport (dynamics) 

• Composition/Chemistry (e.g. ozone) 

• Other spheres and interactions 
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Modelling the Atmosphere 

Peter Braesicke – Climate Science 31.09.2015 

ForHLR 



IMK-ASF 10 Peter Braesicke – AG Großrechner Meeting 

 

Confronting model and observations 

31.09.2015 

Essential 

Climate 

Variables 

e.g. ozone 
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Ozone in the Atmosphere 

Peter Braesicke – Climate Science 31.09.2015 

WMO, 2014 
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The Ozone Hole 

Peter Braesicke – Climate Science 31.09.2015 

Where does it occur: 

Over Antarctica 

(in the stratosphere) 

 

When doe it happen: 

In southern hemisphere spring 

 

Why does it occur: 

Men made pollutants (so-called 

CFCs) provide halogens that 

destroy ozone 
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Measuring our Sun Glasses 

Peter Braesicke – Climate Science 31.09.2015 

WMO, 2014 

UV-B radiation: 280 to 315-nanometer (nm) wavelength 

UV-A radiation: 315 to 400-nm wavelength 
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Feedbacks 

Peter Braesicke – Climate Science 31.09.2015 
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Why ensembles? (Weather versus Climate) 

Peter Braesicke – Climate Science 31.09.2015 

Quantifying uncertainty! 

 

Joint PhD with SCC/LSDMA to explore the efficient processing of climate data. 
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HALO Research Aircraft 

Peter Braesicke – Climate Science 31.09.2015 

Gimballed Limb Observer for Radiance Imaging of the Atmosphere (GLORIA) 
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A hierarchy of data … 

Peter Braesicke – Climate Science 31.09.2015 

Level Description 

0 Raw radiances 

1 Calibrated radiances 

2 Retrieved variables 

3 Value added products (e.g. gridded fields) – observations only 

4 Value added products (e.g. assimilated fields) – observations and 

models 

A (satellite) remote sensing example: 

Traceability of products! 

(35+28) TB/year=63 TB/year Level-0/1 

More than one Level-1 version! 

 

Lifetime of instrument: 5-10 years 

~1 TB/year Level-2 

Different Level-3 and 4 products! 
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POLSTRACC Winter 2015/16 

Peter Braesicke – Climate Science 31.09.2015 
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The importance of model resolution 

31.09.2015 Peter Braesicke – Climate Science 

Truncation lat x lon km at Eq. deg. at Eq. 

T21 32x64 625 5.625 

T42 64x128 310 2.8125 

T62 94x192 210 1.875 

T63 96x192 210 1.875 

T85 128x256 155  1.4 

T106 160x320 125 1.125 

T255 256x512 60 0.703125 

ECHAM5/MESSy for Atmospheric Chemistry (EMAC) [Jöckel et al., 2006]  

 

SCC: Simulation Lab Klima und Umwelt:  

https://www.scc.kit.edu/forschung/7659.php 

IMK-ASF: MOD/MSK/IAS Groups: http://www.imk-asf.kit.edu/198.php 

 

 

https://www.scc.kit.edu/forschung/7659.php
https://www.scc.kit.edu/forschung/7659.php
https://www.scc.kit.edu/forschung/7659.php
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The importance of model resolution 

31.09.2015 Peter Braesicke – Climate Science 

Preliminary result by 

Björn-Martin Sinnhuber 
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The product rule 

Peter Braesicke – Climate Science 31.09.2015 

For one model 

nlon Number of longitudes 

nlat Number of latitudes 

nlev Number of vertical levels 

ntime Number of time steps 

nensm Number of ensemble member 

nvar Number of variables (e.g. T, u, v, etc.) 

Typical values for an ESM: 

96x72x60x(4x360x50)x5x50=7464960000000 (~55 TB) 

 

Typical values for a „high resolution“ climate model: 

640x480x90x(4x360x50)x5x50=497664000000000 (67xESM) 

 

International assessments: many models and many settings (parameter space)! 



IMK-ASF 22 

Unified Model 

Peter Braesicke – Climate Science 31.09.2015 

Avoid shallow atmosphere approximation 
Avoid hydrostatic approximation 
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Ozone Feedback 

Peter Braesicke – Climate Science 31.09.2015 
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Next Generation Model 

Peter Braesicke – Climate Science 31.09.2015 

Zängl et al., QJRMS, 2014 
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Next Generation Model 

Peter Braesicke – Climate Science 31.09.2015 
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Photolysis rates: Modelled and observed 

Peter Braesicke – Climate Science 31.09.2015 

Courtesy: Jennifer Schröter, PhD candidate, IMK-ASF 
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WMO Ozone Assessments 

Peter Braesicke – Climate Science 31.09.2015 
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REKLIM 

Peter Braesicke – Climate Science 31.09.2015 
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The End 

Peter Braesicke – Climate Science 31.09.2015 



IMK-ASF 30 

… and models 

Peter Braesicke – Climate Science 31.09.2015 


