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Please note that this lecture uses concepts and terminology introduced by Prof. Schulz

You may want to find some additional info under:
Official homepage of the Austrian weather service: www.zamg.ac.at
Private homepage: www.climod.eu

Brigitta Hollosi turned the content into readable, beautiful slides; Sebastian Wagner,
Eduardo Zorita and Hans von Storch contributed through discussions and findings
shown here;

Part two: probable future climate
developments in Europe
from past climate reconstructions (discussed last week) to
potential future climate evolutions (aka ‘projections’) in Europe
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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. Prof. Schulz has taught you the way solar, short wave
energy is received by the system and how it is passed through the spheres by
different sorts of processes evening out differences in the energy budgets
between the poles and the equator before the energy is finally released back to
space as long wave infrared radiation. The involved processes are described by
mathematical formulas which may be solved numerically. All time dependent
information on the state of the climate system ‘the Earth’ can be modelled and
(simply put) computer programs offering this functionality on a coarse spatiotemporal scale are called Global Climate Models (GCMs). So, GCMs need the
forcings and calculate the corresponding variables as functions of space and time.
These 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. This 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.

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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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 is the rule rather
than the exception;
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Once again: we need to know
what we are talking about.
Our subject and its behaviour

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.
Page 6

What characterizes the climate
of a certain place on the globe?
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).
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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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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 taught to you by Prof. Schulz – 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.).

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
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range of the signal versus the range of; this helps us to become familiar with the problem.

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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The sun‘s climate forcing:
7000 years back in time

Volcanicity:
1000 years back in time
1000-year reconstruction of volcanic eruptions tossing sulfur dioxinde into the stratosphere from
direct observations and ice cores (Crowley, 2000)
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Antropogenic greenhouse gases

ZAMG

Greenhose gases lead to a
warming of the climate system
Long lived greenhouse
1500‒2007 from direct observations and ice cores

Mauna Loa (Hawaii)
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Anthropogenic aerosols
sulfat content within firn and ice of high alipne regions from smoothed ice core data (Colle Gnifetti,4450m,
Monte Rosa Gipfelzone) from 1800 on and based on yearly measurements (winter snow from the Sonnblickg, 3100m,
Hohe Tauern) since 1982
Wagenbach, pers. Comm., 2008; Schöner, 1995 (updated until 2007)
Foto: Urs Ruth

Cooling effect
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• 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 than to know in detail how the engine
works.

• If you have an incomplete knowledge of what may
happen if this and that is assumed -- it is a good idea to
learn from your experiences. You may not know what the exact
cause of an thunderstorm is, still it might be reasonable to take an umbrella
with you if dark clouds are looming ahead.

• In case of climate this is history, the observed climate!
And what do we know of that? Historical
measurements, Proxy data, …
plse. recall what you have learned in the other lectures on GCMs – features
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capacities and limitations /spatial scale/skill/parametrization, etc

The evolution of global
temperature over the past 4500 years

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.
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GAR temperature compared to the run for
the NH temperature
Similar temperature evolution in different GAR-subregions
but: a less pronounced NH temperature (CRU)
EI-corrected regional mean temperature series in the greater alpine Region :
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Past GAR temperature

ALP-IMP with courtesy of R. Böhm
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Natural and anthropogenic forcings

ZAMG
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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) – skliful 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.
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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
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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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Global Climate Models (GCMs) - substitutes for the climate
system of the Earth – reconstruction of past climate
forcings
+
feedbacks

GCMs, which are based on the physics
of the climate system (spheres and
processes, …), can reproduce past
climate states through time when being
driven by (known) forcings.

Zorita et al. 2004

Reconstructions of: solar and volcanic
forcings (red), CO2 (blue) and CH4
(green) are found close to the top of the
Figure. These focings are used to drive
the GCM: ECHO-G
The curves in the lower part depict
resulting runs of global temperatures
Erik (black) and Columbus (yellow) and
trends pink)

Global Climate Models (GCMs) - substitutes for the climate
system of the Earth - prove that mankind impacts climate!
manhood: from being threatened by climate to being a hazard to 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 that was known about the
past behaviour of the forcings (Prof. Schulz and Prof.
Formayer told you about that and we discussed it last time
as well) they were 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 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.

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 …

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).
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 …
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How to assess possible future states
of the climate system?
This example is stupid, so there is a good chance that we will keep it in our minds for long.

• 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.
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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.
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The IPCC tree of 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.

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)
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A1

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

A2

A very heterogeneous world with an emphasis on
family values and local traditions.

B1

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

B2

A world with an emphasis on local solutions to
economic and environmental sustainability.
“ business as usual ” scenario (1992).

IPCC, 2001

IS92a

“SRES” Scenarios
SRES =
IPCC Special Report
on Emissions Scenarios
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The evolution of uncertainty

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.
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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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Projections -- parts of the Earth
containing Europe

2025
Source: DKRZ/MPI
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Projections -- parts of the Earth
containing Europe

2075
Source: DKRZ/MPI
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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 (skilful 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

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).
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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.
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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 (19611990). 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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Temperature increase in Austria
(IS92a, near future)

Matulla et al. 2002
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Temperature increase across Austria
(A1B, farther future)

Bachelorwork: Landgraf Matulla and Haimberger 2015
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Temperature increase across Austria
(A2, farther future)

Landgraf Matulla and Haimberger 2015
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Temperature increase in Vienna (A1B, A2)

Landgraf Matulla and Haimberger 2015
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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, Matulla et al. 2008
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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!

