
Historical development of climate 
 

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

Dr. Christoph Matulla 
ZAMG 

Possible Impact of Climate Change on Water Resources 
Lecture SS2015 IWHW-BOKU 816342 LV 
03/03/2015 

Brigitta Hollosi turned the content into readable slides;  
Sebastian Wagner, Eduardo Zorita and Hans von Storch contributed through discussions and advises. 

Please note that this lecture uses concepts and terminology introduced by 

Prof. Schulz in lectures already presented to you.  

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


Part one: Past Climate + a focus on Proxy 
reconstruction techniques 

Development of Climate on Earth through time  
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Climate threatened man 
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←An Arolla pine released from a glacier and found in a moraine; (i) 
find out when this tree died and (ii) derive the climate conditions 
therefrom back in time in single year steps. In case of tree rings the 
yearly temporal resolution is obvious; in ice cores – as we discussed – 
this gets more and more difficult the deeper you go as the pressure 
from the layers above gets increases.   

Several hundred year old buildings  (roof truss in churches) are a valuable sources for dendrologists too.  ↑  
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Some points we discussed in the lecture are mentioned below. Since we have put lots of attention to the Proxies (and 
thereby extended this aspect beyond plans) I’d like to recall aspects of this discussion. Some concepts, necessary to 
understand the underlying processes, have been explained in the lecture on the Climate System (Prof. Schulz and  
Prof. Formayer) and hence, I’ll refer to them just shortly. In general: the lecture series ‘Possible Impact of Climate Change 
on Water Resources’ shows you the interaction of different scientific disciplines to answer complex problems. And hence,  
I think it is a good strategy to mention some aspects needed in all fields over and over again. Btw, Professor Schulze 
provides you (through his contributions to all main aspects here) with the theoretical arch connecting all fields. 

) 
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Determining age (i) and climate(ii) 

sigsl 

6 
Historical development of climate 
LV 816342 „Possible Impact of Climate Change on Water Ressources“ 

http://www.boku.ac.at/home.html


sigsl 

7 
Historical development of climate 
LV 816342 „Possible Impact of Climate Change on Water Ressources“ 



2.5

3.0

3.5

4.0

4.5

5.0

5.5

05001000150020002500300035004000450050005500

millenia before present  

%
 δ 18O 

PLIOCENE

PLEISTOCENE

Würm

Eem

co
lde

r -
  w

ar
m

er

M
IO

CE
NE

sigsl 

8 
Historical development of climate 
LV 816342 „Possible Impact of Climate Change on Water Ressources“ 



Christoph Matulla 
ZAMG senior climate researcher with a  
particular interest in impact studies;  
working in climate research;  
 
Recent studies in:  
 x Forest genetics 
(DouglAS – BfW, S. Schüler, K. Andre); 

 x European transport infrastructure 
(CliPDaR – DWD, J.Namyslo, K. Andre, B. Hollosi); 

 x Pests and Insects 
(WINSURF, P&S, ARGES T. Kahrer, H. Scheifinger); 

 x Emergency cooperation 
(SNORRE – UBA, M. Balas, B. Hollosi). 
 
 
BfW (Bundesamt für Wald),  
UBA (Umweltbundesamt),  
ARGES (Arbeits Gemeinschaft Ernärung&Gesundh.) 
 

Cooperation (international):  
Helmholtz Center Geesthacht (HZG) 
Environment Canada (EC) 
Deutscher Wetterdienst DWD;  
MeteoSwiss  
 

Lectures: 
UniSalzburg, UniWien, BOKU 

 

this contains lots  
of information 
on proxies 

this  
gives a hint 
to the future and  
how to possibly  
cope with it 
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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  

1873 foundation of the International Meteorological 
Organization (IMO) in Vienna -- precurser organization of 
the WMO (World Meteorological Organization)  
 
remember that  now. 

Hann  
(1839‒1921) 

Exner 
(1876‒1930) 

Franz Joseph  
(1830‒1916) 
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Margules  
(1856‒1920) 
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The amazing point of this lecture series: you peek into ‘post normal 
science’ PNS – Climate Change needs different scientific disciplines 
to cooperate; addresses urgent issues; deals with highly uncertain 
factors; probability is inherent. Let’s see the schedule once again:  

See homepage of Prof. Hans von Storch who helped a lot to establish this discussion  
on a high scientific level. Visiting his homepage is certainly beneficial. 

Aspects of PNS: 
Urgently 
needed results; 
value loaded, 
inherent 
uncertainties, 
highly complex 
scientific 
problems 
involving 
different 
science 
branches. 
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Some goals of this lecture 

You will know:  

• What drives the climate system (and what it is); 
• Some Proxies and what they comprise; 
• Methods to reconstruct past climate  
   (delta18O,tree-rings, ice cores, pollen archives in e.g.moors, sea/lake sediments, etc.);  
• The run of temperatures through the Holocene and the bygone 1200 years in  
   the GAR as reconstructed from tree-rings; 
• What homogeneity means and why it is crucial; 
• The behaviour of different climate elements through the past 250 years in the   
   Greater Alpine Region (GAR); 
• The way these variables have changed since the Industrial Revolution; 
• The behaviour of some extremes through time.  

12 
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Necessary to know - to understand the climate 
evolution of the past: 

• Weather and Climate, the climate system, processes and drivers  
(you certainly think you have heard that often enough by now ); 

• Proxy data and the reconstruction of the climate of the past before the 
instrumental period started (which was ~1760 in GAR and ~1850 on a global scale); 

• Look on Europe's climate  through the past millennia   
• The instrumental period, the past 260 years in GAR (monthly data); 
• Daily data, the bygone half-century in Austria  

(during WWII nearly all written evidence on a daily base was destroyed in Berlin); 

• Historical trends and changes in Central European climate for different climate 
elements 

• Paleoclimatic modeling: let’s say we know the run of the forcings (from observations in the past or 

assumptions for the future): once we have a GCM (see part two)– we can model climate in 
the past just as well as for the future 

13 
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      Climate, the climate system, processes 

      and drivers (see also the other lecture or those given by Prof. Schulz))  

• The climate system consists of different spheres; processes within and in between these 
spheres; 

• 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 (you have heard that already).  

• 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. 

cooling the system 
volcanic ashes (for some years if ash  
enters the stratosphere) 
industrial aerosols, … 

warming the system  
solar activity, greenhouse gases, … 

sigsl 
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Weather and Climate 

• Climate is the statistics of the weather, characterized by probability distribution 
functions (pdfs) of temperature, precipitation, sunshine duration, cloudiness, 
pressure... (we’ll come back to that later today and next week when discussing probable future climates, so 

pls. remember that) 

 

The parameters of the pdfs 
(means E, variances VAR, 
and higher  moments) 
change with time referring 
to climate changes. 
E(X), Var(X): functions of 
time; X e.g. pressure, 
temperature, precipitaton. 
 

pdf 61/90 

pdf81/10 
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• Stable isotopes in ostracods in  
lake sediments 
 
 
 
 
 
 

• Pinus nigra (South of Vienna) 
 
 
 
 
 

• Advancing Goldbergkees (1834) 
 
 
 
 

• Stable isotopes in speleothems 
 
 
 
 
 
 

• Historical archives (frozen Thames in 1684) 
 
 
 
 
 

• Ice coring at Colle Gnifetti 
 
 
 
 

Some of them: 
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DEEP SEA SEDIMENTS – climate reconstruction from stable isotopes (18O, D) and 

from species counting 
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Deep sea sediments are analyzed by the help of the stable 18O oxygen isotope or D (heavy hydrogen) 
and from species counting. Such data reach ~65 Mio years back in time. 18O/16O plays an important role 
reconstructing climates. The mass difference of the isotopes triggers their distributions throughout the 
hydrological cycle(!) leaving its traces in a multitude of places, organisms and ice for instance.    

Reconstruction of past climates  

according to 

 R. Böhm 

During the Eocene temperatures decrease and at the turn to the Oligocene the Antarctic was 

covered in ice. In the Miocene the Mediterranean ran dry. 

sigsl 
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When talking about climate change on timescales of many Mio. years you have to 

consider the continental drift too*. Btw., the position of the coontinents impact the ocean 

conveyor belt and that of course climate.  

You do not have to know that for 
the exam but it is certainly 
interesting. The point is many 
things changed and  when 
speaking of other epoches you 
have to factor in things you 
may not have thought of . 

Location of continents ocean 
conveyor belt (different 
climate; think of the Gulf 
stream that we‘ve discussed) 

 

 

* The Antarctic (ice cores) was at a 
different location, perhaps 
closer the equator where the 
sun‘s rays hit it from more 
overhead (Lambert‘s law … 
remember the soccer player- 
it is easier to shot goal from in 
front ‚penalty kick‘ than from 
the sides ‚corner kick‘ ) 

If North and South America were not 
connected through Middle America the 
climate would be totally different – all 
around the globe. Don‘t forget that! 
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DEEP SEA SEDIMENTS – 
 2 results: 

     65 million years   
      
      5 million years 
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Zachos et al., 2001 

Lisiecki et al 2005 

There are three stable Oxygen 
Isotopes consisting of 16, 17  
and 18 nucleons.Compared to  
16O and 18O 17O exists in only  
tiny amounts.18O can be split 
from 16O by massspectroscopy 
and so the ratio can be  
determined. Evaporation (16O) 
fractions the isotopes and so  
does condensation (18O). 

Please see the explanations earlier 
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by courtesy of R. Böhm 

Ecliptic  
(41.000 a),  

 
Precision  

(21.000 a),  
 

Eccentricity  
(100.000 a) 

 

The aforementioned oxygen isotopes ratio 18O/16O is prominent for its importance in 
reconstructing climates and shortly called ‘δ18O’. It can be found in corals, sediments or ice 
cores on its way through the hydrological cycle. Antarctic ice cores reach back ~.8 Mio 
years.  

Since the beginning of the Pleistocene the climate remains in the quaternary ice area. The 
variability of the global climate increases and shows over 20 warm and cold periods, which 
may be explained via the Milankovitch cycles (see lecture ‘the climate system’) 
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ICECORES – climate reconstruction from the ice matrix via stable 

isotopes (18O, D) 

>800.000 years 

into the past 
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Mauna Loa: 1958-2007
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ICECORES – the recent glacial cycle 

>120.000 years into the past 
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The climate is characterized by the transition from the Pleistocene (Würm glacial) to the 
Holocene. A significant warming 15.000 years ago was followed a sharp reduction of 
temperature called the ‘Younger Dryas’, which is linked to a vast freshwater intrusion 
from the northern North American continent into the North Atlantic shutting down the 
Gulf stream and causing cold temperatures on the Northern Hemisphere once again.  
The past 10k years(!) are characterized by rather low climate variability. 

by courtesy of  
R. Böhm 
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LGM-HOLOCENE TRANSITION IN LAKE SEDIMENTS – 
reconstruction from stable isotopes (18O, D) and from species counting 

Ammersee 
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Younger Dryas: plse remember: 
glaciers on the N.American 
continent melt, built HUGE 
freshwater lakes, which burst and 
release fresh-water in the 
N.Atlantic- warm and salty Gulf 
stream breaks down, westerlies 
cool Europe/Northern Hemisphere 
fall back to cold climate conditions. 
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The last millenium: warm – cold - warm 
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1000-1990 for continental Europe (10°W-40°E, 35°N-70°N)  
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During the past .8 Mio years cold periods (ice ages) last longer than the warm 
interglacials and  large ice shields were formed over North America and Eurasia. 
During warm periods they disappear whereas the shields over the Antarctica 
remained (so the ice cores are therefrom).  

 

Through the Würm glacial (following the so called Eem) the climate variability 
changes erratically. About 22.000 years ago large parts of North America, Eurasia 
are covered in ice, streams of ice run through the Alps. The Adriatic sea, the 
English Channel and the Bering Strait were silt up, which seems important for the 
Distribution of man over the globe. 
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The present interglacial is rather stable. During the early Holocene the ice 
shields of Northern America and Eurasia disappeared rapidly. The Alpine 
glaciers were smaller than today. The later Holocene is marked by a slow and 
steady temperature decrease. 

by courtesy of R. Böhm 
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Holocene 
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There is not much left and the motivation for that is connected to our discussion of 
the magnitude of the climate change in terms of temperature remember? 
System:SunEarth without atmos.~-33°C, consider the atmos. And water valour 
+ other natural greenhouse gases (GHGs) +15°C meaning: range of 3*10°C; 
anthrophogenic GHGs, change in global temp since 150 years ~1°C (GAR~2°C) THAT 
is the point.            Time series have to be free of jumps, breaks and other 
obscurities…         … ..in order to detect the anthropogenic impact on climate: time 
series have to be long (climate refers to long periods of time) and pristine … reality 
is very different! 

This is a good moment to stop  
for a moment and consider 

…what we have learned so far 
and what is still ahead (there‘s 

not much left ). We have 
learned lots about Proxies and 

techniques to reconstruct 
climate before there 

Were gauges on hand; we used 
that to go back in time and 

started our journey 
65 Mio. years ago. I think it 

was‘nt too boring.  
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REALITY IS DIFFERENT (from what a climatologist dreams) Measurement prcatices change, surroundings of stations 
change (a growing tree mache much of a difference … sometimes way more than half a degree and the error is very 
difficult to detect since the chage happens slowly and continouosly through time!). Sudden changes exchange of 
instruments or relocations of stations are relatively easy to see as the appear as sudden breaks in the series; 
Anyway that means time series are fraught with errors and cannot be used to detect small changes over long 
periods of time – which is necessary to identify the ‚human fingerprint‘ on climate. Techniques that help remove 
such errors are called homogenization methodes and homogenized time series are what is required for impact 
studies. Aside from that we will see how climate changed through the past 260 years in the GAR. We will look on 
temperature and precipitation given at monthly resolution. In Austria we have daily data since WWII for nearly all 
paper records containing daily data were destroyed in Berlin. So we will peek on some climate variables 
(temperature, precipitation, air pressure, wind, …) on a daily basis and see how they changed throughout the 
secons half of the 20th century. We‘ll also discuss extremes to some extent. That‘s all.  

 
Summarize:  

 (1) instrumental period in GAR and montly/daily data and  
 (2) something on homogenization. 

Climate Changes in GAR (data with monthly resolution) and in Austria (daily data)  
AND homogeneity of climate time series 
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HISTALP a dataset from the Austrian weatherservice 

Available in the Web: http://www.zamg.ac.at/histalp 

Böhm R, Auer I, Schöner W, Ganekind M, Gruber C, Jurkovic A, Orlik A, Ungersböck M, 2009. Eine neue Website mit 
instrumentellen Qualitäts-Klimadaten für den Großraum Alpen zurück bis 1760. Wiener Mitteilungen 216: 7-20  
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HISTALP in a nutshell: 

• region: GAR (4 to 19 °E, 43 to 49 °N) 
• more than 500 series on 200 sites 
• 7 climate elements 
• monthly series: 
• quality improved (homogenised, outlier corrected, gaps filled) 
• maximum achievable length (100 to 250 years) 
• element specific network density (190 precip – 60 pressure  series) 
• 4 different modes:  

• station mode (original and homogenised) 
• grid 1: 1deg lat/long anomalies to 1901-2000 
• grid 2: CRSM-series (10 coarse resolution subregional mean series) 
• grid 3: 1/6 deg lat/long absolute fields 

 AIR PRESSURE 

         AIR TEMPERATURE 

                       PRECIPITATION 

                           SUNSHINE DURATION 

                                                     CLOUDINESS 

                                                             RELATIVE HUMIDITY 

                                                                             VAPOUR PRESSURE 
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A prominent climatic station  
Stiftssternwarte Kremsmünster 

On December 28th 1762 P. Placidus Fixlmiller started to put down observations 

with courtesy of P.  A. Kraml 
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Stiftssternwarte Kremsmünster 
a prominent GAR climatic station 

The so called ‚mathematical tower‘ has an awkward history  
(esp. during ist construction period). 

In 2012 there was a big celebartion 
with the media and delegates from the WMO(see slide on the ZAMG 
on the beginning) for the 250 anniversary. I remember that no single 
day is missing in the record! 
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Site statistics 

The observation of climatic elements at the Stiftssternwarte  
(6m above ground, nothward directed window) 

• 1st floor, to the right of the entrance: 
temperature, air pressure starting in 1762    

• cloudiness, thunderstorms starting in  1767 

• precipitation 1820  

• minimum/maximum temperature 1822 

• relative humidity 1833 

• sunshine duration 1884 
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Climate of the instrumental period 

• Over 200 sites 
within GAR 

• HISTALP: a homo-
genized multi-
variable database 

• Continuously 
improved e.g. EIB  

 

(Böhm et al.2009, Chimani 
et al. 2011, Chimani et al. 
2012) 

HISTALP is a ‚treasure‘ built up and hosted by Inge Auer, Reinhard Böhm, Manfred Ganekind, 
Barbara Chimani, Johanna Nemec, Johann Hiebl, Konrad Andre etc.  
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Maximum achievable length (100 to 250 years) 

region: GAR (4 to 19°E, 43 to 49 deg N) 

more than 500 series on 200 sites 

7 climate elements 

monthly series: 

quality improved (homogenised, outlier corrected, gaps filled) 

element specific network density (190 precip – 60 pressure  series) 

4 different modes:  

station mode (original and homogenised) 

grid 1: 1deg lat/long anomalies to 1901-2000 

grid 2: CRSM-series (10 coarse resolution subregional mean series) 

grid 3: 1/6 deg lat/long absolute fields 
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Past GAR temperature 

ALP-IMP with courtesy of R. Böhm 

sigsl 
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Slide by R. Böhm 

ZAMG Natural and anthropogenic drivers  

Temperature change global, since 1855 

A comparison reveals: over the past 160 years GAR temperatures 
increased twice as much as global temperatures 

sigsl 
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Observed climate changes 

warm and cold nights 
Trends described by 50 homogenized daily based temperature records 1961-2000                                           
       (Nemec et al. 2012) 

Increasing indices appendant to warmth 
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Observed  
climate changes 

Low temperature percentiles 
decrease whilest high 
percentiles increase  
(Nemec et al. 2012) 
 
The homogenized time series 
show a signal that appears 
more clear than  
those of the original data. 
 

Increasing indices appendant to warmth 
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Regionally different evolution of precipitation 

NW 

SE 
SW 

NE 
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Observed climate change 

No changes 
aside from 
perhaps 
slight 
in(de)creasin
g totals in  
NW(SE). 
 
Matulla et 
al. 2005 
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Observed climate change 

heavy precipitation events 
Days/year exceeding 20‒30mm per day  (homogenized time series)           
       Auer et al. 2010 

Increasing indices (together with approximately unchained totals) 
point to decreasing numbers of precipitation events. 
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Observed climate changes  

storm proxies show pronounced climate variability 
(Matulla et al. 2008, Bärring and von Storch 2004) 
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HURRICANE DAMAGE in the USA  
1900‒2005 

Pielke jr. et al.,2008 
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Observed climate change in GAR 
Table by J. Hiebl 

sigsl 
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One example for the more than  
1000 detected inhomogeneities 

kk. Hydrographisches Amt: 2 sites (25 years of parallel measurements) 
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Comparison of mean monthly precipitation

Pula (HR) 1873-1897: 

rooftop (14.5m) versus 1.3m near to ground

parallel measurements 1873-1897

tower (14.5m above ground)

near to ground (1.3m above ground)

Precipitation in Pula – Pola, a series with complicated history  (Austria-Italy-
Yugoslawia-Croatia) and with a 30% break in 1897 
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Another one: 
Precipitation in Karlsruhe and with a bias of nearly 100% in the 1870s and 1880s 
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HOMOGENIZING AND METADATA, 1 example: KLAGENFURT 

Nr.1: Achazel-1: Mießtalerstr. 

(ehem. Haus 320 Zimmerhütteng.)  

Nr.2: Achazel-2: Viktringerring 21.  

Nr.3: Prettner: 

St.Veiterring 1 (Herbert 

Stöckl)  

Nr.4: Seeland: Arnulfpl. 

(Hüttenberger Bergw.Ges.) 

Nr.5: Landesmuseum 

(Seeland, Jäger, 

Treven, Schnablegger) 

Nr.6: Fliegerhorst Annabichl 

Nr.7: ZAMG-Regionalstelle 1 

(Kohldorferstr.52) 

Nr.8: ZAMG-Annabichl 1 

Nr.9: ZAMG-Annabichl 2 

Nr.10,11: ZAMG-

Annabichl 3, 4 
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THE RESULT: THE KLAGENFURT COMPOSIT-SERIES 
 

 

 

5
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1810 1830 1850 1870 1890 1910 1930 1950 1970 1990 2010

°C TEMPERATURREIHE KLAGENFURT 1813-2007

einzelne Jahresmittel und 20-jährig geglättet

grün: homogenisiert (angepasst an aktuellen Zustand)

rot: Originaldaten

Quelle: ZAMG-HISTALP Datenbank, Auer et al., 2007

Achatzel1  2      Prettner   Sl1         Landesmuseum           ZAMG-Annabichl  
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During this lecture we touched quite some climate issues, but in the main four points were 
in our focus. Before I list them for you I‘d like to repeat the reason we talk about all that 
stuff. We are lucky to have real necessities  and not in fact no reason for the question why 
we did what we did . You may laugh, but sometimes it is hard to  understand why it is 
imperative to learn this ot that. In our case it‘s easy, but you may have forgotten. 
MOTIVATION. 

 The climate defines the living coditions for man. It has been proven that man alters the 
climate of the Earth and runs danger destroying important fundaments of his well beeing. 
Human behaviour impacts his own living conditions on the planet. As there is just one world 
on hand and processes are irreversible, GCMs have been developed that mimic the reaction 
of the world to different forcings. Mankind mainly exerts influece through land-use-change 
(Albedo) and changing the atmosphere‘s chemistry (GHGs), which alters the energy budget of 
the planet. Probable modification of the forcings are used to drive GCMs and see the (large 
scale) consequences. In case regional/local scale information is needed to model the 
consequences for ecosystems or economic structures ‚downscaling‘ is applied.  
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GCMs are developed since several decades at some climate modeling centres around the 
wold and rely on physics and observations helping to understand global/continental 
processes. Hence, knowledge on the evolution of the climate system temp., prec.) as a 
function of the forcings is of first concern and that‘s why Proxies are used to reconstruct the 
system durig ancient times. As changes and trends in climate variables are delicate time 
series from reconstructions or istumental readings have to be of high quality and 
homogeneous. We looked on: Proxies, techniques to reconstruct climate from Proxies, the 
evolution of climate through the past 65 Mio. years (worldwide/Northern Hemisphere) ; the 
run through ~260 years in GAR (montly data) and the past 65 years in Austria (daily data); 
Finally we discussed the aspect of homogeneity Homogenization techniques mend time 
series and allow for correct climate calculations (removing errors coming from: station 
relocations, gauge changes, changing in measurement practicies {time, person, …}, changing 
surrpounding, … all factors exerting impact on the observations that are not linked to 
climate). 
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Questions you should be able to answer: 

Thank you very much for your interest! 57 

•     Please describe the observed changes/trends observed in GAR and Austria (slide 50)  
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peek a boo 

58 


