
So, that is gonna be about climate modeling of the 

future –or differently what makes the future different from the past?

You may wanna find some infos (boring though)

Private homepage of our group: www.climod.eu

Official homepage: www.zamg.ac.at
Colleagues to mention: Inge  Auer, Reinhard Boehm, Michael Hofstaetter, Ivonne Anders 
Hans von Storch, MJ Lexer, H Scheifinger



To get things straight – a roadmap

• The climate system – what is it made of and what 
rules it (what are the forcings? Can we get an 
idea of them and if -- how we can estimate them 
for the past and the future)?

• Do we know a thing about the past? In other 
words what happened so far (answered pretty 
completely by Reinhard Boehm in yesterdays 
lecture).

• Lets talk about the future (we don’t tell fortunes, 
we have to rely on assumptions … many of them)



1851: foundation of the Austrian weather service by Franz

Joseph von Habsburg, Emperor of Austria, Apostolic King of 

Hungary-Croatia and King of Bohemia 

since 1872: ZAMG located at Hohe Warte 38

architect:   Johann Heinrich Freiherr von Ferstel

1873 foundation of the International Meteorological Organization (IMO) in Vienna --

precurser organization of the WMO

Hann (1839-1921)

Exner (1876-1930) Margules (1856-1920)

Franz Joseph 

(1830-1916)



What is the most extended little thing that 

we we can pretty well calculate? I mean –

if at all – Ok. Fine, fine – some ideas? Any?

What breaks down the symmetry of time? 

Why isn't  sometimes the space itself again 

when we turn around?

And why does that 

touch us?



Modeling the climate – what is 

that? An alian? A disease?

• Well, it is not an alian, it is just an integral of 

what happens, in terms of weather (I mean 

in terms of time). So, what is an integral or 

better -- and what does it shield us from? It 

may just be the way the sun delivers energy 

to the earth, but in what way does the 

climate system of the earth react to that 

inflowing energy? That also impacts 

theintegral. That’s the key, I guess. As such 

what makes it up – the earth system? 



Climate as observed (temp, sunshine, 

air pressure, prec, cloudiness etc. ALP-

IMP ZAMG, Auer Boehm) 
The climate of a particular region determines wether it

is meaningful to grow coffee beans or to invest in potatoes.



There are a lot of ingredients that rule the 

earths climate. The (way) most important is the 

sun of course, greenhouse gases play an 

important role as well.





So the modeling of the climate is some sort of 

a complicated matter. This is for we just have 

an accurate knowledge about idealized 

systems but can not handle complex systems 

exactly. The climate system of the world is 

controlled by processes within single spheres 

an in between them. This processes take 

place on very different spatio-temporal 

scales. It is important to recognize – the 

subject isn't simple and it isn't obvious how 

agendas  are conveyed plus who are the 

stakeholders & what they desire?



• So – it seems somewhat meaningless trying to 
picture the climate system. However, it is not – it 
just depends on our questions (this point is 
crucial). If you need to travel from Vienna to Hamburg it is 
certainly more important to have a ticket than to know how the 
engine really works.

• If you have an incomplete knowledge of what 
happens around of and with you it is a good idea 
to learn from your experiences. You may not know 
what the exact cause of an thunderstorm is, but it might be 
reasonable to take an umbrella with you if dark clouds are looning 
ahead.

• So, what may in our case the experiences to be? 
– history of course! And what do we know of 
that? Historical measurements, Proxy data, … (just 
as Reinhard Boehm did tell you yesterday)
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1250 Jahre Sommertemperatur in den Hochalpen 755 bis 2005

schwarz: direkt gemessen
(Auer et al., 2006, Int.Journal of Climatology) 

direkt gemessen an den hochalpinen  Observatorien und rekonstruiert aus hunderten Bäumen an der alpinen Baumgrenze

grün: rekonstruiert aus der Holzdichte von Jahrringen
(Büntgen et al., 2006, Journal of Climate)
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Until 1950 or so: mainly natural reasoned climate variability (aside from changing 

land use patterns)

From 1950 on: significant impact of the human being on the climate by the 

emission of aerosols (e.g. Sulfat, sooth…) and by the release of greenhouse 

gases  (z.B. Kohlendioxid, Methan…)  

A result of an EU Project which was led by R. Böhm (ZAMG) 

Historical climate within the Greater Alpine Region – the temperature record 



I tempi stanno cambiando 2008-04-07, Torino

Similar temperature evolution in all GAR-subregions but: 

different to global-mean-land (CRU)
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• The future -- always a market of possibly 

significant gain. Who doesn’t want to make a 

fortune of things that may or may not happen?

• In ancient times, the mediaeval times or now 

there are very different constructions of what 

may happen (and have happened) and why. 

Physics is just one (Ok. It is pretty accurate in 

parts).

• Let us turn to the future now. 





Can we turn back time? No, why?

• So, what can we do in terms of looking into the future. 

• We have some idea of how the climate system works. 
This is through physical equations. These can be 
formulated in computer code.

• If such a code describes to some extend how processes 
penetrate through the climate components and in-
between them we talk of so-called GCMs.

• As such GCMs, are a picture of the climate system of 
the world that is valid on a continental scale (von 
Storch et al. 1993).

• If regional scale information is desired some kind of 
downscaling is needed (von Storch 1995).



• So – it seems somewhat meaningless trying to 
picture the climate system. However, it is not – it 
just depends on our questions (this point is 
crucial). If you need to travel from Vienna to Hamburg it is 
certainly more important to have a ticket than to know how the 
engine really works.

• If you have an incomplete knowledge of what 
happens around of and with you it is a good idea 
to learn from your experiences. You may not know 
what the exact cause of an thunderstorm is, but it might be 
reasonable to take an umbrella with you if dark clouds are looning 
ahead.

• So, what may in our case the experiences to be? 
– history of course! And what do we know of 
that? Historical measurements, Proxy data, … (just 
as Reinhard Boehm did tell you yesterday)



GCMs an example of how the atmosphere is interspersed with a 3D grid, 
the ocean (not shown) is so as well. Results can be  interpreted on the 
scale of continents but not below (von Storch et al.  1993)

U. Cubasch

We already spent some time on the discussion of the climate system 

of the Earth. Now, what may be a physical construction of it?



GCMs do have different spatio-temporal resolutions.  The higher the resolution 
the longer it takes supercomputers to calculate the  climate evolution.

U. Cubasch



How to assess possible future states of 

the climate system?

• Do you know how you wanna change your 
diet in a year or so and how that may impact 
your weight?

• If you don’t know make some 

opposing assumptions like that you 

will turn into an ascetic living person or that 
you discover your need for very rich meals. 

• That shall cover quite a range of possibilities.



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).



What are scenarios good for?

• They allow to lay out scenarios of what society may 
want to reach out for. Important: scenarios should 
never narrow down our sight of the 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 within TO downtown – a city underneath the city --

built to escape the freezing temperatures during winter. A 

possibility how to cope with climate.



Der IPCC tree of scenarios



“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).
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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)



Let us jump to the regional scale -- how does 

that work out fine? By the help of a approach 

called downscaling (von Storch et al. 1993) 



The possible future composition of Austrias 

forests are also a matter of interest



Phenological processes are of interest too



So, putting up the final frame –

• … human made climate change is real and cannot be 
entirely avoided in the century ahead. It can be eased 
off and perhaps delayed by reductions of the 
emission of greenhousegases 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 
storminess)

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

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



Mitigation and Adaption
• There is no way to stop climate change.
• A complete fulfillment of the so called Kyoto 

procoll would just delay the process of climate 
change to an unreasonable period of time.

• As such, 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 – just asin mediaeval 
times– it seemed to be more effective to erase the 
real cause of bad cklimate, by burning witches. 

• Perhaps now there is another possible approach.



some thoughts on the modeling of the climate

• Climate change is real and certainly of importance as it 
sets the frame and scale of what kind of existence is 
about to take place on Earth (the sun, the atmosphere, 
its content of greenhouse gases, the ocean, the 
bisophere etc.) 

• Dealing with that issue is important and should be 
treated with caution. It is certainly too important to serve 
as personal satisfaction for desires of any actors in the 
business.

• Probe humbleness: scientists do know a lot of a very 
narrow field of expertise. So very often they are not 
much more able to give reasonable answers than a taxi 
driver or newspaper man can. 

• Science shant be an arena of personal vanity or selfish 
self-fulfillment.


