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Climate results from an energy balance

Insolation - Reflected

= Longwave Radiation
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Man changes climate ,by
cutting forests [...] and by
emitting large amounts of
steam and gas at the centers
of industry"

,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.”

/3
John [ yndall



Carbon Dioxide (ppm)
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Acidification due to CO,
IS a threat to marine
ecosystems

Plankton

Braardosphaera Cayptrolithina Caoronosphaera
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Climate Effect of CO2

Arrhenius 1896 (4-6 °C)

Effect of CO,-doubling:

TLONDON, EDINBURGH, asxp DUBLIN

PHILOSOPHIG,;&TL MAGAZINE “Climate Sensitivity”
: A
JOURNAL OF SCIENCE.
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[FIFTH SERIES.]

APRIL 1886,

RXXI On the Ingluence uf Carbonie Acid in_the dir wpmn
the Temperature o the Ground. By Prof. Svayre
ARRIENIUS *

L. Introductiva © Qlsercations of Laugley on 0
Atmospherical Absorption.
GREAT deal bag been written on the infinence of —

A. tho absorption of the shmosphers wpon the elimata.
Tyndail t in particuinr lims 1poin out the evornous im-
portancy of this question. To him it waa chiefly the dinrnal
and 1 variations of the teusperiturs that were lasssued by
thiscirourmatanes, Another side of the questivn, that baslong
attracted the uttention of sbgvsieisu, i3 this: Is the mean
tempamm?;w ut; l::or r:un a:; ‘mi m infum:odphgﬂ:h: A th . . .
gt an e ere’ g T
i:mzszn:d that lih:’ntt;ggslfrﬁaagiigiku o !aannf x hgti n ropogenlc em ISSIOnS
ouxe, beoause it Jets thraugh th light s of the sun bu
e o P should have caused 0.7 to
Tl T o e o T menie 0 i
el
Ko peea s o e oy 0 o B0 i ¥ 0.9 °C warming to date
that atmosphere did nut possess tho quality of selective

* Buteact frowm 4 paper presunited 20 the Rogal Swadish Acndemy of
Hejwnces, Llth Docembor, 1803, Commuticated by the Author,
+ ¢ Heae a Mada of Motion,’ 3nd od, p. 403 ( Laad., 1883).
Mam, de Pde, R, S5i. de Il de Frvence, &, ¥ii. 3827,
Compter rendus, L vk p. $) (1638,
Lhit. dag. 8. 5. Vol. 41, No. 251, April 1896,

Svante Arrhenius
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Hot paper. Title page of Arrhenius’s
paper in Philosophical Magazine.
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Climatic Change: Are Weon {he Brink of
?mnounced Global W arming’
Abstract. If an-madé dust i unimport nt as @ ajor cause oj'fﬁmm:c chang then @
strong ¢as¢ can be made that the presen! cooling trend within @ decade o1 57 give
way to @ pronounic warming induced carbon dioxide. BY analogy with simila? events
in the pas natural climatic © oling hich, sincé 1940, has more that compensaié 1
¢ the car joxide effect. will 50 atiom ot nee this happens: t tprmemmi
rise it the ospheric carbon dioxt content il tend 10 pecome @ sign ficant facto?
and by €@ {y in the nt pentury will have drive he mean lanetary tempe re beyort
the lintits experien 4 during the last 000 years
- The fact th mean o Lemper” sy record 19 the Greenlan core (1)
alure D2 een faling ove ast S eral Y ngly suggests that th cooling
decades has Servers count the ne of a 1ong series of similar Jatural €li-
warming effe the CO2 ced by 1he c fluctuations: This cooling has: over
purning of ¢ mical fuels this reporl\ jast thres ecades, more that com-
resent an gumen o show {hat this e sated for the warmy g effect prody
= comp\ac::ncy not be dm\n\od, 1t is the CO releas into the atmospher® as
ossible {hat we af¢ n th prink ot & product of hem'\ca\ fuel bustic
E.\'a\—dtczd.cﬁ—\ﬂ 2 per’md of rapid warming natogy Wit simila gvent he past,
Briefly, the argum cuns as b Hows. T (he present © ca) cooling ¥ 11, however
SCIENCE. VOL. 189
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With effect of El Nifio, Volcanos und solar activity removed

» | —— GISS
© | — NCDC
4 — CRU
_ | RSS
S UAH

Temperature Anomaly (C)

Foster & Rahmstorf, ERL 2011
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Solar Luminosity and Global Temperature

" Amplitude of solar effect: + 0.04 °C

Global Temperature Difference (' C)
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Arctic Sea Ice Extent (10% km?)
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Temperature relative to 1800-1900 (°C)
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The decade 2001-2010
was the warmest ever
recorded. The decade was
marked by numerous
weather and climate
extremes, unique in
strength and impact.

(WMO 2011)

WEATHER EXTREMES

~ “INA CHANGING CLIMATE:

16

Weather - Climate - Water

WMO-No. 1075
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Ratio of Extremes
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Sea Level (cm)
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Sea Level Change (cm)
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Observed rate of
sea level rise

\ Simple model =
global temperature

Dual model

Rate of Change (mm/yr)
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Vermeer & Rahmstorf (PNAS 2009) 21
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Sea-Level Estimates
== Proxy reconstructions
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Multi-Century Projections
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What Can We Do?

Global GHG emissions (Kyoto GHGs including LULUCF)
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CLIMATE CRISIS
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