~

- v'

g

}3 )
LY a‘i

Stochastische Klimasystemanalyse und Klimamodelliergngpm Verstandnis
historischer Klimaentwicklungen zur anthropogen beeinflusst€hmazukunft

Doz Dr. Christoph Matulla EZAMG



In dieser Einheit geht agm eine kurze Geschichte des Treibhausgaseffekts und umnr
multivariate statistische Analyse (Empirische Orthogonalfunktionen) mit der wir gr
Datensatze reduzieren/filtern kdnnen ohne viel Information zu verlieren. Spater we
wir uns noch einmal den Klimamodellen zu.

Was lernen wir? Sehr vigl -- unter anderem:

1. Dass die Auswirkungen des Treibhausgaseffeittsnn man das Gesamtsystem: Erde und Atmnosphare
betrachtet ¢ auf die globale Temperatur schon sehr lange bekannt sind UND, dass sich an der Aussage
einer Verdopplung der Treibhausgaskonzentration in der Atmosphéare steigt die globale Temperatur um
6°C seit Arrenius (Ende des 19 Jh.) wenig geandert hat. Heute kdnnen wir die Verteilung dieser
Temperaturzunahme gut bestimmen, aber an der Vorhersage flr die GLOBALE Temperatur hat sich el
wenig geandert! Deswegen haben wir uns auch mit EMBs befasskommt immer auf die Fragestellung
an, welches Modell zu deren Beantwortung herangezogen warden sollte (haben wir ausfuhrlich diskuti

2. Wir werden erkennen, dass die Parametrisierung, die wir in unseren EMBs vorgenommenabencht
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kennengelernt.

3. EOFAnalysen: diese multivariaten statistische Verfahren werden in aul3erordentlich vielen Disziplinen
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4. Wir befassen uns nochmal mit Klimamodellen, die komplexer als unsere EMBs sind. Mit dem was sie
und wo ihre Limitations sind.
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The 19th Century pre-global-warming pioneers
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oseh Fourier Claude Pouillet John Tyndall

(1768 — 1830) (1790 — 1868) (1820 — 1893)

Samuel Langley Svante Arrhenius Knut Angstrom
(1834 — 1906) (1859 — 1927) (1857 —1910)
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Joseph Fourier (1768-1830) published two papers in 1824 and 1827 dealing with the

temperature of the earth.

In the second paper [J. Fourier, “Mémoire sur la température du globe terrestre et des

espaces planétaires®, Memoirs of the Royal Academy of Sciences of the Institut de

France 7 (1827) 569-604], Fourier discusses three heat sources on Earth:

1. The earth is heated by solar radiation, whose unequal distribution produces the
diversity of climates.

2. It participates in the communal temperature of the planetary spaces, being exposed
to irradiation of innumerable stars which surrounding all parts of the solar system.

3. The earth conserves in the interior of its mass a part of the original heat, which it
contained when the planets were formed.

Most remarkable is the reference to the pioneering experiments of Horace-
Bénédict de Saussure (1740-1799)
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Horace-Bénédict de Saussure (1762 — 1834) e

Swiss geologist, physicist and Alpine traveller, often S
considered to be the founder of alpinism and considered

to be the first person to build a successful solar oven.
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The monument for Jacques Balmat and Horace-Bénédict de Saussure in Chamonix

In 1786, the mountain guide J. Balmat performed together with the physician Michel-Gabriel Paccard the first
ascent of Mont Blanc. In 1787, J. Balmat guided an expedition of H.-B. de Saussure (47 years old) and 17
other persons to the top of Mont Blanc. There, at an altitude of 4800 m, de Saussure performed several
experiments, one of them had to do with the pertrating and heating force of sunlight..
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In his 1827 paper, J. Fourier discusses the penetration of the atmosphere
by sunlight (“chaleur lumineuse®), and its conversion through the interaction
with terrestrial bodies into heat radiation (“chaleur rayonnante obscure®).

The conclusions about a “glasshouse” or “greenhouse” effect of the
atmosphere are, however, not as obvious as commonly being ascribed
to Fourier's work. He was more interested in the mathematically correct

description of heat transfer.

I ~zAMG Doz Dr ChristoptMatullag 814022 814028toch Klimasystemanalyse und KIimamodeIIieruﬁg




The 19th century preglobalwarming pioneers: from Fourieto Arrhenius by WalteiKutschera

t Heat Thermopile, Galvanometer  Brass tube with rock-salt plugs at each end. Heat
- screen with conical The tube contains the gas that is under study. source
reflectors

. J30lves a heat conduction
Aissue

" vacuum pump

!

|

J manometer
- |

. | W | '
l g ]j
The gas or gas mixture can

pass through some filtration L
process beforehand

John Tyndall
i (1820-1893)

e
| » 1
Container of gas or gas ’
mixture to be studied

John Tyndall concluded from his experiments On the transmission of heat of
different qualities through gases of different kinds [Proc. Royal Inst. 3 (1859)
153] that “The atmosphere admits of the entrance of solar heat, but checks its
exit; and the result is a tendency to accumulate heat at the surface of the planet.®
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