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Content and further desires 

The content of this lecture and the attributed tutorial is devoted to climate modelling. As such the focus 
is on the climate system, its spheres, processes within and in-between the spheres, forcings, the 
evolution of the climate on earth, comments on capturing climate by measurements and reconstructing 
it from proxies, data quality and time series, climate models as generated from a toolbox  containing 
models for the spheres and functions referring to interactions & transferring the energy from the sun 
through the spheres, describing forcings, various feedback processes, an explicit calculation of the effect 
of an initial temperature variation triggering temperature dependent albedo yielding a much larger 
change than introduced by the original cause, a ‘daisy world’, detection of climate change and 
attribution to human behaviour, construction of possible future behaviour of mankind, translating such 
probable future pathways of mankind into climate changes, deriving regional to local climate change 
projections, mathematical tools to address all that (EOFs, MLR, regression analysis, different kinds of 
highly non linear relationships transformed back to the linear case, time series analysis (parts), some 
basic aspects of statistics used in deriving local scale temperature change projections – moment 
generating functions and display of any distribution by its moments, etc. With other words: various 
aspects of the climate system and analytical techniques required to picture the behaviour of the climate 
evolution plus the ability to derive local scale climate change projections for central Europe based on an 
large ensemble of climate change scenarios generated with GCMs. On top of that we attended a lecture 
given by M. Mann at the Austrian academy of sciences, one on working with climate models at the 
DKRZ/HZG(GKSS) and a lecture on earthquakes & the historical development of meteorology and 
geophysics in Austria since 1850. 
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The Climate System, mankind and other forcings  
 

(which is what I had in head after we talked about the past climate of the 
Earth; climate system>components/spheres>forcings>Sun-Earth>EMBs>n-layer 
model>feedback processes>scenarios>IPCC>GCMs>Downscaling>regional/local-
climate-change projections>impact modelling) 

 

You may want to find some info at: the official homepage of the Austrian weather 
service: www.zamg.ac.at and at the homepage of my group: www.climod.eu 

Brigitta Hollosi turned the content into readable slides; Sebastian Wagner, Eduardo Zorita and Hans von 
Storch, Reinhard Böhm, Wolfgang Schöner a.o. contributed through discussions and advises. 

http://www.zamg.ac.at/
http://www.climod.eu/


Part two: Climate System in and 
out & Future 

All you need to construct probable futures 
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The following slides refer to the different spheres of the system we’re 
looking at – i.e. the Earth we live on & the processes within and in-
between these spheres & the forcings. In case you’ve attended this 
lecture you’re surely fed up by my continual repetition of these aspects. 
I think there was no lecture within which we haven’t discussed the de- 
and remounting of the spheres and the forcings. To picture that I 
include here a number of slides -- all referring to the components of the 
climate system and their inner workings. Since I think there is no single 
‘correct or best approach’ to any topic I try to show several points of 
view, which differ one from another and thereby all highlight varying 
aspects. Taking them all together you may have a nice approximation of 
what makes up the system.  

So the following slides set the stage of our play – which is the 
generation of physically consistent projections of Central Europe’s  
future climates. The following 10 or so pages were assembled by Balas Garamszegi. Some slides 

referring to the interaction of the spheres are processed by Jessica Kult. 
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Das 
Klimasystem 

Atmosphäre: 
• Am schnellsten ändernde Subsystem 
• Bis ca. 90 km Höhe 
• Besteht aus:  

   78% Stickstoff (N2) 
   21% Sauerstoff (O2) 
   0.9% Argon (Ar) 
   Aerosole 
   Spurengase (darunter Kohlenstoffdioxid  

    (CO2) mit 0.04%, welche nach Wasserdampf  
    der wichtigste Verursacher des Treibhaus- 
    effekts ist) 

• Unterste Schicht: Troposphäre  
(Ort des Wettergeschehens - Dynamik) 

• Rolle der Ozonschicht 

Klimasystem 
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Kryosphäre: 
• Eis- und Schneegebiete der Erde 

(Eisschilde, Gletscher, Meereis, Permafrost, 
Schneemassen) 

• Gegenwärtig: ca. 10% der 
Landoberfläche und 6.5% des Ozeans 
mit Eis bedeckt 

• Größte Frischwasserreservoir  
• Hohe Albedo (wichtiger Faktor im Bezug auf 

den Strahlungshaushalt der Erde) 

• Einfluss auf die atmosphärische und 
ozeanische Zirkulation 

Klimasystem 

Das 
Klimasystem 
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Lithosphäre: 
• Topographie des Ozeanbodens und 

der Kontinente sind auch ein 
Klimafaktor (atmosphärische und 

thermohaline Zirkulation) 

• Unterschiedliche Wärmekapazität 
• Veränderungen der Erdkruste 

(Plattentektonik, Vulkanausbrüche)  

Klimasystem 

Das 
Klimasystem 
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Hydrosphäre: 
• Mehr als 70% der Erdoberfläche ist  

mit Wasser bedeckt 
• Oberflächen- und Tiefenströmungen 

(Energietransport) 

• Gasaustausch zwischen Ozean und 
Atmosphäre  
 

Klimasystem 

Das 
Klimasystem 
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Biosphäre: 
• Photosynthese  
• Intensität des natürlichen 

Treibhauseffektes ist stark von 
Prozessen der Biosphäre abhängig 

• CO2 Austausch zwischen der Biomasse 
und der Atmosphäre 

• Bodenbedeckung für die 
Windverhältnisse und für den 
Wasseraustausch mitverantwortlich 

• Wasseraufnahme, -speicherung und  
-verdunstung, verhindern das direkte 
Abfließen oder das Versickern in den 
Boden 

• Albedo 

Klimasystem 

Das 
Klimasystem 
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Die 
Klimaantriebe 

Was versteht man unter einem Klimaantrieb? 
Jeden Einfluss auf das Klimasystem, der zu einer  

Klimaänderung beitragen kann. 

z.B.: Sonnentätigkeit, Topographie, Vulkanausbrüche,  Veränderung der 
Landnutzung, Treibhausgasen, Wechselwirkungen, Antrieb – entstanden 
durch den Einfluss des Menschen 

 

Die Antriebe verursachen eine Veränderung des 
Strahlungsbilanz. 

Development of climate on Earth 
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know by now you should be able to guess what comes next --  aren’t you? When 
we wanna understand the way things work we found (by discussing different ways 
of getting across the content of this lecture) it may be a good idea to look at things 
from many points of view -- right? By now we have finished the inspection of the 
system’s spheres; next look for what drives the system. This reminds me of a pic I 
saw in a book many years before. As the pic is simple and it dropped into my 
mind, perhaps it helps you too.  Here we go: 

Development of climate on Earth 
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 Let‘s take a breather 
 now. What have we 
discussed so far? > Up to now we 
takled mainly about the 
components of the climate 
system, the spheres, the past 
climate.So we have an idea of 
what has happened so far. OK? 

 Now we turn to 
 the processes 
 wihtin and 
between the components, 
OK? We try to grasp what 
the components excange.  

Another way of presenting the idea is by using: ‘Radiation’, ‘Water’ and ‘Energy’, 
which you get from the picture by taking ‘Heat’, ‘Water’ and ‘Air’ apart and 
rearranging them together (into ‘Radiation’, ‘Water’ and ‘Energy’). It sounds 
perhaps like a joke, but these views state(present) in fact concepts used to 
organize computer models mimicking the Earth.   



Our global climate system as a jigsaw puzzle of interactive pieces – btw., you should know the 
number of pieces, right? Can you name them? Anyhoo, I am perfectly sure you know  the 
subsystems/spheres/components AND you can name them .  
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The following slides are taken from a presentation Jessica prepared for us. 



Interactive Systems 

Scheme of a coupled ocean-atmosphere model with associated (sub)-
components – e.g. the biosphere model. Let’s say you’ve coupled it in 
correctly – then you should be able to reproduce the yearly wiggles 
to be seen in the curve for atmospheric CO2 concentration, OK? 
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Sources: http://scidacreview.org/0902/html/esg.html 

http://www.klimanavigator.de/dossier/artikel/012808/index.php 

http://bildungsserver.hamburg.de/klimamforschung/4118382/komplexe-atmosphaere-ozean-modelle/ 

A game 4u: Plse attach the following concepts  

to the correct place in the figure: conservation of  

1. mass, 2. momentum and 3. energy 



Interactive Systems 

• The global climate system: atmosphere, ocean, 
ice und snow, vegetation, soil  

• Atmospheric parameters: incoming and outgoing 
radiation, air temperature, air pressure, specific 
humidity, wind, etc 

• Atmospheric processes: cloud coverage, cloud 
formation, dynamics of the atmosphere and the 
interactions of all parameters 

• Oceanic parameters: sea temperature, salinity 
and biogeochemical processes -> ocean currents 
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• Interaction of atmosphere and ocean :  

Exchange of energy (radiation, sensitive and latent 
heat interqations),impuls (wind shear) and fluxes (e.g. 
evaporation, precipitation)  

• In more complex  earth models:  
- ice and snow (stucture and melting processes of land- and sea ice) 

-> cryosphere: area of the Earth‘s surface which is covered by ice 
or snow -> sea ice, ice shelf, mountain glaciers, ice in permafrost 
and snow-covered surfaces 

- vegetation, ground water and soil properties -> land models 

• Chemical and biological processes in atmosphere, 
ocean or biosphere: sphere of living components -> 
more models: e.g. carbon-cylce, oxygen-cycle 
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We have a host of different ways looking on our beloved system  
-- mother Earth  and in fact we have discussed quite some of  
these views. System: Sun—Earth; components of the Earth;  
Processes within and between the components; spatio-temporal  
scales of these processes; what is the importance of considering  
Different scales? To satisfy curiousity  and to decide which 
terms in an equation can be disregard once you have decided which 
scale you are interested in, OK? One process we have discussed 
nearly every lecture is the socalled ‚ice-albedo‘ feedback.  
We‘ll see some sketches of such processes later. As for the  
forcings – some like to separate them into external and internal  
forcings – A game 4u: divide the forcings you know in ex-&internal.  
Btw, how many forcings can you recall? List them! 

Think of scenarios 
– which forcings 
may be changed by 
mankind? And 
therefore - which 
are altered really? 

Some received a nobel price for thoughts like that. 

A game 4u: 
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Let‘s look at the system: Sun-Earth and forget all the rest. Aaahhhh, wouldn‘t  

that be a splendid idea of start the whole lecture?  

OK, let‘s go→Sun-Earth(back  body, no atmosphere, -18°C, remember? we‘ve  

calculated all that) →however, the Earth is no black body, but it has an albedo α of 0.3 … 

this obvously cools off the Earth still further→so, we need to take the atmosphere into  

account!  

From measurements we know the global mean temperature is +15°C. This together with  

the formular we derived for the temperature of an n-layer atmosphere allowed us find  

n=0.65 for the planet we live on.  

 

  

 

 

 

 

 

 

 

 

 

As we devoted quite some time to the steps 

from a black body to a planet with a n-layer  

Atmosphere (and as you quite liked it) it is 

perhaps worth keeping it in mind (4exam) 

temperature of a planet with 

a partly transparent 

atmosphere and an Albedo 

different from 0 (a black 

body) – so, this is still a very 

crude approximation of 

planets but good enough to 

understand the Green 

House Gas (GHG) Effect 

and the influence of surface 

characteristics.  



30 *you know why we always used quotation marks, right? – yes, because S is no constant.  S in fact depends on time. 

We‘ll see that later.However, this dependence is weak – i.e. there is no large variation   
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After all we have learned about the climate system, its past evolution, the enegy balance models, 
etc. After playing around with simple models, stretching our heads and considerig the 
components/spheres of our planet, it is time now to repeat more of the forcings our system is 
subjeted to.  
    Somehow this script or better this attempt to summarize the lecture is verymuch like the lecture 
itself -- chaos. You have certainly noticed that every time when I disrupted may work on the script 
and start again (just as now) there‘s a repetition and an outlook to what is left to tell you.  
    There are many ways to teach the content of the lecture, the inner workings Blablabla. And I am 
obviously incapable of explaining any concept of nature in just one way. There are always comming 
alternative explanations into my mind and I have to integrate them – it‘s an almost compulsive act. 
At the end I hope that this script shows you (1) there are many interconnec- tions between the 
different aspects of climate modellig and (2) that you can go from one to another and be able to 
see the whole thing through just them (the interconnections). 
I think it is like knowing a city – if you are only aware of the subway map of a city, you can go 
savely from one place to another* but in case you also go by bus and tram then you will be able to 
realize that two places** are very close or far apart.  
    As we want to recall somethin about forcings that drive processes within our system the next 
page shows one. The parameters coming from orbital motion are very important on long time 
scales as the succession of glacials and interglacials, but not very important on shorter time scales, 
simply as they do not change rapidly in time. On top of all found out by Miklankovitch we can see 
that all planets in the solar system have a definite periodicity that is interloked with its distance 
from the sun. Be sure you got that! That tells us (i) that a given trajectory has its unambiguous 
period, which does not depend on the mass of the object! (ii) which in turn can only be valid if the 
mass of an object – here: planet – on which the graviational force acts on  is the same as the 
interia of the object the centripetal force workes on. Remember the famous ol‘ experiment of 
Galileo from the leaning towe of Pisa! Isn‘t that fun? To think about it like that?   

*but commonly have no clue about the distance between two places.  

** we are in Vienna now so let‘s say ‚Neubaugasse‘ and  

‚Kettenbrückengasse 
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Earth’s orbit – important on long timescales  
You may remember the discussion we had on how a changing forcing, which is itself weak and incapable 
to cause significant climate shifts may initiate large changes through feedback processes. Think of 
leaving the ‘Snowball-Earth’-state, which is obviously a hell of a job . 

The take home message is: orbital 

forcings are important on long time 

scales and albeit they‘re rather 

weak when working thogther with 

feedback reactions they appear to 

trigger decisively changes between 

glacials/ interglcials. The working of 

this thrilling aspect we point out on 

the above slides. 
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Slide by R. Böhm 

The sun‘s climate forcing  
over the past 7000 years 

The solar ‚constant‘  as from satelite 

measurements, sun spots observations and from treering 
14C- plus 10Be-isotopic series from ice cores. 
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I am sure you can recall that we calculated S from the distance 

Sun-Earth and the output of the Sun. One important message is 

that the changes in S are relatively small over the past 7 ka - 

see yourself. They are about 0.4-0.5 W/m^2.  

 

We calculated that the RCP4.5 scenarios yields an increase in 

temperature of 3 to 5 °C in Vienna Hohe Warte. 4.5 means 

4.5W/m^2 more energy by the end of this century . This is about 

ten times the observed change (see Figure) 



Slide by R. Böhm 

1000 years of volcanic forcing 
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We said that volcanic forcing depends on how explosive the eruption is – do the ashes and the 

other material  enter the stratosphere, where it remains for months to years before gravitation has 

brought most of it back into lower levels of air and finally to the ground. It is also relevant where the 

volcanoe is situated. Close to the Equator the ashes may enter both hemispheres and more 

incoming sunlight is blocked off than if the material spreads around one hemisphere only. Volcanic 

forcing is associated with a cooling  of the system as less than normal energy from the sun enters 

the climate system and (as already mentioned) it acts on short time scales. 

The Little Ice Age 

(LIA) 

was marked by quite a 

number of volcanic 

eruptions. 1816 ‚the 

year without summer‘ 

caused by the eruption 

of Tambora gave 

reason to widespread 

losses in crop yields. 

Temperautres 

plumbed, many people 

starved and died.  



Slide by R. Böhm 

Antropogenic greenhouse gases 

Long lived greenhouse  
1500‒2007 from direct observations and ice cores 
Robertson et al, 2001 (aktualisiert) 

0

200

400

600

800

1000

1200

1400

1600

1800

2000

1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000

0

50

100

150

200

250

300

350

400
p

p
m

 

p
p

b
 

CH4 und N2O  CO2

 N2O

CH4 

 CO2

Kalenderjahre

rekonstruiert aus Hochakkumulations-Eisbohrkernen

d
ire

k
t 

g
e

m
e

s
s
e

n

about 12 years in 

the atmosphere 

about 115 years in 

the atmosphere 

Mauna Loa (Hawaii) 

Greenhose gases lead to a 

warming of the climate system 

 Page 35 

280365/280366 Climate Modelling Christoph Matulla CM/CM 

This is one very center of the climate change debate. We discussed the issue from many points of view. You may recall 

the story about the conference on Climate Modeling in HH end of the 20th centruy when the experts thought it may take a 

decade to prove the humn fingerprint on the evolution of global temperature. Only a little later the IPCC attributed the 

change in temp.to the emission of antrophogenic GHGs into the atmophere.   



Silde by R. Böhm 

Anthropogenic aerosols 
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Cooling effect 

Foto: Bernhard Hynek  

Foto: Urs Ruth  

SO2 ~1‒3 Tage in the atmosphere 

Sulfat aerosol ~4‒7 Tage in the atmosphere 
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Acid rain ...  



Continental Drift 

 Page 37 

Continental drift (CD) is obviously of uttermost 

importance of EXXON, ESSO, BP and other 

large companies operating in the frame of 

extractive industries. CD is why we find 

remainders of long bygone vegetation in  various 

forms. The distribution of the continents on the 

globe is very important for the circulation of the 

atmosphere and the oceans. The separation  

of the Pacific from the Atlantic by CD via Central 

America is very important indeed. Think of the 

Gulf stream for instance. CD leads 2 its deflection. 

You may find further drivers as volcanoes etc.  

somewhere else throughout the script . 

His concept was acknowledged after his dead . 



Why do we need climate modelling? 
We talked so much about cm that I hope you caught on by osmosis, but to state it 
explicitly cm is of utmost importance since: 

(i) The evolution of mankind may cause disaster; hence, it is of some importance 
to know such consequences ahead of time; so, the future of the planet 
depends on our knowledge on its possibilities; 

(ii) As we cannot undo anything to affect the past we shall be aware of  
consequences (see viii); 

(iii) So, it is good to have an idea of the consequences coming along with different 
alternatives how to proceed;  

(iv) to assess which processes are important in terms of climate change and which 
are ‘second or higher order problems’ – understanding the system in the sense 
what is more and what is not so important in a physical sense; 

(v) To increase the body of knowledge in this decisive important field;  

(vi) better save than sorry;   (viii) S= k lnW. 
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Man influences future climate 

not long ago (sounds perhaps weird), when I did my  

PhD there were considerable discussions if man actually 

influences the climate of the planet and if so, when it’ll be  

possible to  give a scientific proof of that. This was at the  

turn of the century(!). Only a few years later it was possible 

to prove man’s impact on the run of global temperature in  

the following way: based on all what was known about the  

past behaviour of the forcings they are separated into ‘natural 

forcings’ and ‘all forcings’. ‘natural forcings’ contained  

everything but the Greenhouse gases released into the  

atmosphere by human activity and the change of the  

surface’s albedo by land use changes assignable to man.  

These two setups were used to run computer images of 

the Earth system (GCMs) and it was found that ‘all forcings’  

reproduced the observed run of global temperatures but  

‘natural forcings’ could not reproduce the increase from the  

early 1980s onwards. Hence, man’s activity was needed 

to model what has been observed, which proved that  

mankind exerts impact on the system. That didn’t come as a  

big surprise – anyway, it became an undeniable fact. 

280365/280366 Climate Modelling Christoph Matulla CM/CM 

The proof of this is possible only as we have a model of the Earth with which we  

can simulate the climate of the planet as a function of the forcings acting on it.  



It’s good to 
know what’s 
around the 
corner … 

It is always important to know what the future holds in stock since it helps 
to be prepared. Sometimes you are to some extent responsible for what 
happens tomorrow. Such a setup puts you in an active position. You are in 
part responsible yourself what problems you will have to manage in the 
future and you can choose from a set of possible plays. In such cases it is 
good to know the consequences of your behaviour (putting your hand a 
hot stove will lead to serious burns to the skin … ). That is exactly what 
scientists try to point out. In this respect climate research and impact 
research try to answer ‘if … then’ questions. If mankind behaves this or 
that way the climate in fifty years(meaning a period of a few decades around 2070) from now will 
perhaps look like ... .              or … 
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Energy makes a journey through lots of stations  

In order to generate scientifically consistent scenarios of future climates we need to know 
much about the climate system, the processes within and in between its spheres and the 
forcings. We have discussed, approximately calculated and thought over the way solar, 
short wave energy is received by the system and how it is passed through the spheres by 
different sorts of processes to even out differences in the energy budgets between the 
poles and the equator. Energy, which is not trapped by GHGs and sent back to the surface, 
is released back to space as long wave infrared radiation. Now let’s put it as simple as 
possible: All the involved processes are described by mathematical formulas which may be 
solved numerically. This means: any time dependent information on the state of the 
climate system ‘the Earth’ can be modelled. Computer programs offering this functionality 
on a coarse spatio-temporal scale are called Global Climate Models (GCMs). GCMs need the 
forcings as input variables to calculate climate parameters i.e. fields of temperature etc. the 
as functions of space and time. This description of the climate is (as mentioned before) 
valid on a coarse scale – meaning: seen from the moon (as a picture, a comparison ) all is 
fine. However, in case you are interested in the climate of a particular region (e.g. the 
European Alps) further analysis steps are needed. The step of transferring the information 
from a coarse scale grid (spacing e.g. 150 km) down to a small scale region is called 
‘DOWNSCALING’. This lecture will have a focus on this analysis step.  
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Ok, the idea is that changing boundary conditions - albeit small themselves  

may trigger large changes via feedback processes  

This Daisy World pic is just a reminder 

We shortly discussed an example: imagine the Earth with no atmosphere 

(we calculated: T= 255°K) 

Adding some atmosphere (greenhouse gases GHGs)  

Done: the system, its constituents, what has happened in terms of 

climate so far, history of climate, weather and climate, processes, 

parameters (temp, prec, wind, sunshine, cloudiness, pressure), energy 

balance modells, n-layer model, GCMs, scenarios, uncertainty, detection 

and attribution, downscaling, RCMs, statistical downscaling, EOFs, 

calibration, validation, impact modelling, climate – the media and society 

 

This means I need the part on statistical downscaling, feedback, 

validation, calibration, etc.  
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Climate, the climate system, 
processes and drivers (Prof. Schulz taught you) 

• The climate system of the Earth consists of different spheres. Physical 
processes run within and in between these spheres . 

• The climate system is driven by the energy emitted by the Sun and  by the 
way the radiation is received by the Earth. This depends for instance on 
the activity of the Sun, and the movement of the earth around the sun, 
the annual cycle, Lambert’s law etc. 

• There are other drivers as well such as volcanic activity or the greenhouse 
gas concentration in the atmosphere, the distribution of the continents, 
the biosphere, the land use, etc.  

• The way the atmosphere and the ocean convey the incoming solar energy 
around the globe plays an important role for the climate of all places on 
the planet. 
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A nice compact pic 
telling a about the 
rules of the game 



Weather and Climate 

• Climate is the statistics of the weather. There is quite some content in 
this-ranging from descriptive methods to statistical inference, 
probability theory and statistical modeling; 

• → histograms, probability density functions; description of climate 
features by parameters of the state of the climate system 
(temperature, precipitation, sunshine duration, cloudiness, pressure...);  

• Climate Changes are changes in the statistical measures (mean, 
variance, kurtosis, excess and higher  moments) and in fact a changing 
climate through time is the rule rather than the exception; 
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 I know, I know that you 
know. you know:  it’s 
just to remind us of that 
fact from time to time –  
because I just found this 
cartoon – and this 
cartoon immediately 
reveals that the  
cartoonist has NO IDEA 
about the DIFFERENCE 
between WEATHER and 
  CLIMATE 

                                         

It is perfectly obvious that everybody laughing at this has absolutely 
no clue about weather and climate!  



Modeling the climate  
(a) the system and its components 

• The climate system is made up by different 
components (so-called spheres): Atmosphere, 
Hydrosphere, Biosphere, Cryosphere and the 
Lithosphere. 

• Within the components and between them processes 
take place. These processes pass off on very different 
spatio-temporal scales and can be formulated in 
physical equations. Often they are second order 
partial differential equations and can be solved by 
approximation only. 
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Once again: we need to know 

what we are talking about.  

Our subject and its behaviour  
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Modeling the climate (b) the drivers                     
• The climate system is driven by the sun and as such by the way the 

energy reaches the planet. This depends for instance on the activity 
of the sun and the movement of the earth around the sun; 

• There are other drivers as well such as volcanic activity or the 
greenhouse gas concentration in the atmosphere, the distribution of 
the continents, the biosphere, the land use, etc.;  

• The way the atmosphere and the ocean convey the incoming solar 
energy around the globe plays an important role for the climate of all 
places on the planet.  

 
(plse. remember the atm. circulation cells Diane presented to us – the Headly cell, the  polar cell and the cell above the mid-latitudes; the 
general atm. circulation, ocean currents, the Gulf stream; salinity, evaporation, water vapour as greenhouse gas; water density; the 8.2 k event 
triggered by the massive intrusion of fresh water from the melting glacies at the end of the Würm into the northern North Atlantic west of 
Greenland, the subsequent fall back to cold northern hem. Temp. ‘y.Dryas’, etc.). 
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We talked about the natural (-18 to +15°C) and the anthropogenic greenhouse effect; the 
range of temperature on a yearly/daily scale; the rate of change i.e. the signal‘s velocity; the  
range of the signal versus the range  of; this helps us to become familiar with the problem.  
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What characterizes the climate of a certain place? 

You may say: the climate of a region is the statistics of the weather 
this region experiences over some decades. If so, what is about the 
sample size? That in fact depends on the parameter we look on.  

What parameters are needed to describe the climate of a region? 
Climate is dependent on how the energy of the sun is being kept 
by the system. So, climate is made up by (a) the system, (b) the 
drivers and (c) all causes that alter the system (e.g. landuse 
change, volcanic eruptions, etc.) as well as internal processes (d). 

And the climate state is characterized by  

Temperature (min, max, mean) , precipitation, 

Sunshine duration, cloudiness, pressure, etc. 
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c) The parameters 



Climate as observed (temp, sunshine, 
air pressure, prec, loudiness etc.)  

The climate of a particular region determines wether 
it is meaningful to grow coffee beans or to invest in 
potatoes. 
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There are lots of ingredients that rule the  
the climate of the Earth. The most important is the 
obviously the sun of course, greenhouse gases play 
an important role as well. And let’s not forget the 
Albedo! 
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This slide is here to remind you of the 
lecture when we discussed the sun-
Earth system – black body, albedo, 
atmosphere, n-layer model,  … 



The evolution of global  
temperature over the past 4500 years 
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It is important to know that the Holocan is dominated by stable climate conditions 

onEarth (compared to times farther back in time); that regional differences in 

temperatures between galcials and interglacials may amount up to 20°C for 

instance. 280365/280366 Climate Modelling Christoph Matulla CM/CM 



2008-04-07, Torino 

Similar temperature evolution in different GAR-subregions 
but: a less pronounced NH temperature (CRU) 
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Past GAR temperature 

ALP-IMP with courtesy of R. Böhm  Page 52 
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Natural and anthropogenic forcings 
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The interplay of the climatic drivers throughout the past 160 years 
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Now the story is this: the industrial revolution helped lift people out of poverty, but came along 

with an impact on climate. This impact was weak at first and until the early decades of the 20th 

century it is considered small compared to natural forcings (e.g. solar and volcanic). However 

even during this period of time industrial aerosols became increasingly important (cooling effect) 

on a global scale (locally industrial aerosols had a huge impact on the wellbeing of people much 

earlier). In the 1970s or so air pollution control reduced these aerosols and the cooling effect of 

them vanished – with this the warming of the GHG effect became unmasked and fully effective. 



• So – putting things together -- it is a challenge to 
picture the climate system. However, the amount of 
problems() depends on (the level of) our questions. If 
you need to travel from Vienna to Hamburg it is certainly more important to 
have a ticket for a e.g. train ride and be a fool about the inner workings of a 
railway engine than to know exactly how it works but have no ticket – is this 
a good example to make the point clear? 

• If you have an incomplete knowledge of what may 
happen, given this or that is assumed -- it is a good idea 
to learn from experiences. You may not know the exact cause of a 
thunderstorm – however, you may take measures and protect yourself with 
e.g. an umbrella; 

• In case of climate this experience is history, the 
observed climate! And what do we know about of that? 
Historical measurements, Proxy data, … 
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plse. recall what you have learned in the other lectures on e.g. synoptic and numerical 

forecasting – features capacities and limitations /spatial scale/skill/parametrization, etc  
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Schematic representation of  
a Global Climate Model (GCM) 
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Within GCMs the physical equations are solved on a 3D 
 grid (that intersperses the atmosphere and the ocean).  
Results can be interpreted on the scale of continents but not below 
(von Storch et al. 1993) – sklliful scale (~8 times the grid-distance) 

GCMs are computer models simulating processes taking place in the  
climate system. GCMs are a substitutes for the Earth.  Page 56 
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GCMs do have different spatio-temporal resolutions. The higher 
 the resolution, the longer it takes supercomputers to calculate  
the climate evolution with time. 

U. Cubasch  Page 57 
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The increasing resolution of GCMs  
allows for a more and more realistic 

 picture of the topography 
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Evolution of climate models through  
time (there are constantly more and  

more processes integrated) 
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Can we turn back time? 
• So, what can we do in terms of looking into the future?  
• We know the principles how the climate system works. 

This knowledge can be formulated by physical 
equations that can be translated in computer code. 

• If such a code describes how processes propagate 
through the climate components and in-between them 
we talk of so-called Global Climate Models GCMs. 

• GCMs, picture the climate and produce results that are 
valid on a continental scale (von Storch et al. 1993). 

• If regional scale information is desired some kind of 
downscaling (transferring information between the 
scales) is needed (von Storch 1995). 
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We‘ve discussed the system, features, processes, ranges of parameters, past changes, 

physics, euqtions, GCMs, etc. – we have an idea how to model the behavior of the system in 

dependence on the forcings. What do we need to estimate the climate of the decades ahead? 

YES, you are right! : Ideas how these forcings may change in the future … 



How to assess possible future states 
of the climate system? 

• If you want to know your weight in a year or ten years from 
now – you should have an idea how you are going to 
change your diet. It is also of importance to know what 
sport (if any) you are going to practice.   

• If you don’t know ‒ make some opposing assumptions like 
that you may turn into an ascetic living person or that you 
discover your need for very rich meals.  

 

 

 

• That shall cover quite a range of possibilities.  Page 61 

This example is stupid, so there is a good chance that we will keep it in our minds for long. 

I think this pic is from a 
movie about the danger 
of fast-food, right? The 
title is something like 
‘supersize I haven’t seen 
the flick. Question: is it 
worth seeing it?  



So, what is a Szenario? 

• A scenario is a consistent description of a 
probable evolution of what mankind may go 
through in the decades to come. 

• A scenario does not actually be very likely. 

• If there is no clue of what will take place – choose 
very different scenarios that cover a variety of 
future developments. Than you have a good 
chance to also include the actual truth  
(if there is any at all). 
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What are scenarios good for? 

• They allow to lay out ideas of what society may want 
to reach out for. Important: scenarios should never 
narrow down our sight of the range of possibilities. 
They are just (to our best scientific knowledge) 
answers to ‚IF -- THEN‘ questions.  

• As such they permit for future evolutions that are 
desired by the majority of our society or by dictators. 

• The development of scenarios should be led by the 
idea of covering a broad window of possible 
developments, so they allow to span a reasonable 
fraction of the range of possibilities.   

This is in TO downtown – a city underneath the city -- 
built to escape the freezing temperatures during winter.  
‘One way to cope with climate.  Page 63 



Starting from a particular emission scenario the uncertainty grows with every 

step that is necessary to derive different adaptation measures to mitigate the 

impact of climate change (schematic diagram). Source: after Viner 2002. 

The evolution of uncertainty 
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The IPCC tree of scenarios 

 Page 65 

Meanwhile there are a new set of scenarios on hand the RCPs  

(Representative Concentration Pathways used to drive the process 

the production of producing climate change scenarios) 

The following refers to the SRES 

scenarios. Meanwhile a new set of 

scenarios has been develpoed; Prof. 

Schulz has introduced to you in 

detail; Here we are not interested in 

the details; the imortant point is that 

it is possible to generate consistent 

socio-economic pathways of 

mankind depending on a range of 

assumptions regarding energy 

supply and consumption, population 

growth, etc. 



“SRES” Scenarios 

SRES =  

IPCC Special Report  

on Emissions Scenarios  

A world of rapid economic growth and rapid 
introduction of new and more efficient technology. 
 

A very heterogeneous world with an emphasis on 

family values and local traditions. 
 

A world of “dematerialization” and introduction of  
clean technologies. 
 

A world with an emphasis on local solutions to 
economic and environmental sustainability. 
 

      “ business as usual ” scenario (1992). 

A1 

A2 

B1 

B2 

IS92a 

IP
C

C
, 
2

0
0

1 
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Global, projections of the future 
temperature as produced with the 
german GCM (based on the A2 and B2 scenario) validity: on 

the continental scale (see von Storch et al. 1993, von Storch 1995) 

Source: DKRZ 
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Source: DKRZ/MPI 

Projections -- parts of the Earth 
containing Europe 

 Page 69 

2025 



 

Source: DKRZ/MPI 

Projections -- parts of the Earth  
containing Europe 
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Downscaling 
was introduced into climate research by e.g. von Storch in the early 1990s and stands 
for all techniques bridging the gap between the large scale and the local scale relevant 
for impact research. 
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Downscaling 
means cascading down the information from the GCM scale (skillful scale)  
down to the regional/local scale. There are two way to do that. Empirical 
(right panel) and dynamical (left panel) downscaling. 
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Downscaling 
Dynamical downscaling is the application of physical based models Regional 
Climate Models (RCMs) that account for smaller scale processes to the output of 
GCMs. No historical information is needed besides the physics of the system, 
which have been derived from observations. Unlike GMCs, RCMs do not 
reproduce the observations satisfactorly by now. In pactice statistical methods 
are applied to render nature.  

Statistical methods use observations on the local scale one desires to model and 
the GCM scale to set up functions as e.g. in a linear form f(x,t)= ax(t)+e(t), e ~ 
N(0,1). The models derived from observation are to be validated using data 
independent from those utilized for calibration. When searching for a statistical 
model for a relationship between two parameters there are some fundamental 
princilpes to have in mind/to follow. One is the ‚law of insufficient cause‘ meaning 
that unless you have no stong reason (e.g. from experiment, experience or other 
sources) you shouldn‘t start with fancy functions just for fun or the desire to 
appear ingenious . As such often linear models are the first step to start 

modeling with. Here we have another reason as well to assume linearity – the 
statistics of climate varibales. It is rather hard to demonstrate that atm. fields 
(e.g. pressure fields in 850 hPa, temp. readings at stations) over long enough 
periods of time (some days) are not distributed (i.e. have a non-normal pdf) 
Gaussian. A linear transformation conserves statistics, which is certainly very 
important. Imagine the problems arising from destroying features of the Sigma 
algebra living on probability spaces. We cannot afford the destruction of measure 
theory for stupidity and vainty (integration breaks down etc.).   
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An ensemble of temperature 
projections used in CliPDaR 

74 

One possibility to illustrate the findings from an ensemble of 

projections (a multi model ensemble for A1B). The panels show the 

increase in the number of hot days per year. The left two panels refer 

to the 15th and 85th percentile for the n.f., the right two the same for 

the r.f. Source: DWD (www.dwd.de/klimaatlas). 

 



75 

Figure: The Figure 

shows the change in 

counts of frost days (Tmin 

<0°C) for the period 

2021-2050 (first row) or 

2071-2100 (second row) 

relative to the past 

(1961-1990). The left 

hand side panel refers to 

the 15th percentile. The 

others are assigned to 

the 50th and the 85th 

percentile. Given we 

have 100 projections 

sorting them from cold to 

warm than the left panel 

would be the 15th 

warmest while the right 

panel the 85th warmest 

panel. So 70% of the 

projections are in 

between them, giving a 

hint on the accordance 

or discordance of the 

ensemble of the 

projections. The middle 

panel is the median. 

Numbers in brackets 

below each panel are 

min and max values. 



Figure 8: Probability distributions of the first EOF’s appearances throughout the past (black, solid 
line) the near future (coloured dashed lines) and the remote future (solid, coloured lines). Red 
lines refer to the A2, green lines to the A1B. 
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Figure: The Figure shows the 
change in counts of summer 
days (Tmax ≥25°C) for the 
period 2021-2050 (first row) 
or 2017-2100 (second row) 
relative to the past (1961-
1990). The left hand side 
panel refers to the 15th 
percentile. The others are 
assigned to the 50th and the 
85th percentile. Given we 
have 100 projections sorting 
them from cold to warm than 
the left panel would be the 
15th warmest while the right 
panel the 85th warmest. So 
70% of the projections are in 
between them, giving a hint 
on the accordance or 
discordance of the ensemble 
of the projections. The 
middle panel is the median. 
Numbers in brackets are min 
and max values. 
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Figure 10: Probability distributions of the first EOF’s appearances throughout the past (black, solid 
line) the near future (coloured, dashed lines) and the remote future (solid, coloured lines). Red 
lines refer to the A2, green lines to the A1B scenario (e.g. CliPDaR_D3.1 for a more detailed 

description). 
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Matulla et al. 2002 

Temperature increase in Austria  

(IS92a, near future) 
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Bachelorwork Landgraf 

Temperature increase across Austria  

(A1B, farther future) 
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We have more comprehensive and more actual scenarios 
generated ourselves. 
I ‘ll include them ASAP 



Bachelorwork Landgraf 

Temperature increase across Austria  

(A2, farther future) 
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We have more comprehensive and more actual scenarios 
generated ourselves. 
I ‘ll include them ASAP 



Bachelorwork Landgraf 

Temperature increases in Vienna (A1B, A2) 
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We have more comprehensive and more actual scenarios 
generated ourselves. 
I ‘ll include them ASAP 



The possible future composition of Austrias 
forests are also a matter of interest 

Lexer et al. 2002 
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Phenological processes are of  
interest too (this example is based on 

Austrian data) 

Scheifinger et al. 2008  Page 84 



So, putting up the final frame 

• … human made climate change is real and cannot be 
entirely avoided. It can be eased off and perhaps delayed 
by reducing of the emission of greenhouse-gases into the 
atmosphere (or by catching them back, or, or, or, …).  

• … presently we see climate change taking place in 
temperature related parameters (not, for instance, in 
European storminess) 

• … climate change is to unfold more and more clearly in 
the decades to come (perhaps it is then visible in other 
than temperature related quantities as well). 

• … climate and weather is already dangerous and is going 
to stay so in the future. 
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Mitigation and Adaption 

• A complete fulfillment of the so called Kyoto procoll 
would just delay the process of climate change to an 
unreasonable period of time. 

• As there is no way to stop climate change, we have to 
talk about how to cope with climate change and how 
we can keep it under control. This means mitigation 
and adaption. In the past and the western world it was 
until recently shabby to think of adaption – now this 
discussion is underway. Better late than never (see e.g. 
von Storch and Stehr 2010).  
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What you should know? 
• That temperatures before the instrumental period are 

reconstructed by proxies and at least three of them; 

• The run of temperature in Europa during the past 10ka; 

• The components of the climate system; 

• The forcings, some processes within and in-between the 
components of the climate system; 

• The production of scenarios;  

• The skilful scale of GCMs ; 

• The two possible ways of Downscaling; 

• The creation of input data for impact modeling. 
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Thank you for your attention! 


