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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.”
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Carbon Dioxide (ppm)
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Climate Effect of CO2

Arrhenius 1896 (4-6 °C)

Effect of CO,-doubling:

LONDON, EDINBURGH, axp DUBLIN

PHILOSOPHICAL MAGAZINE “Climate Sensitivity"
< AND
JOURNAL OF SCIENCE.

[FIFTH SERIES.]

APRIL 1886,

XXX On the Injluence uf Carbonie Aeld in_the dir wpmn
the Temperature of the Ground. By Prof. Svayre
ARRIENIUS

L. Introductiva © Qlsereations of Laugley on O
Atmospherical Absorption.
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Hot paper. Title page of Arrhenius’s

paper in Philosophical Magazine. 13:15



Temperature Anomaly (°C)

El Nifio
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With effect of El Nifio, volcanos und solar activity removed
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Global Temperature und Solar Activity
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Global Temperature during the Holocene
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Meereisausdehnung im September
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107 September sea ice extent
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Warming relative to pre-industrial (°C)

Future Global Temperature
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RCP3-PD

Schnellnhuber, PNAS (2012) based on Meinshausen et al. Clim. Change (2011).
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Sea Level (cm)
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Sea-Level Estimates
== Proxy reconstructions
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The decade 2001-2010
was the warmest ever
recorded. The decade was
marked by numerous
weather and climate
extremes, unigue in
strength and impact.

(WMO 2011)

WEATHER EXTREMES

~ “ INA CHANGING CLIMATE:

World
Meteorological
Organization 1 8

Woather - Climats - Water 13:15

WMO-No. 1075
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World Bank Report 2012

Confidence in
attribution to

Region (Year)

England and Wales
(2000)

Europe (2003)

England and Wales
(2007)

Southern
Furope (2007)

Eastern Mediter-
ranean, Middle-East
(2008)

Victoria (Aus) (2009)

Western
Russia (2010)

Pakistan (2010)

Colombia (2010)

Western Amazon
(2010)

Western Europe
(2011)

4 US states (TX,
OK, NM, LA) (2011)

Continental U.S.
(2012)

Meteorological Record-breaking Event

Wettest autumn on record since 1766. Several short-
term rainfall records?®

hottest summer in at least 500 years®

May to July wettest since records began in 1766
Hottest summer on record in Greece since 189111

Driest winter since 1802 (see Fig. 20)

Heat wave, many station temperature records (32-154
years of data)'

Hottest summer since 1500%

Rainfall records®
Heaviest rains since records started in 1969%
Drought, record low water level in Rio Negro®

Hottest and driest spring on record in France since
1880

Record-breaking summer heat and drought since
18803{131

July warmest month on record since 1895% and severe
drought conditions

climate change

Medium based on®**®

High based on"#

Medium based on®*
Medium based on®1%14

High based on'®

Medium based on®™

Medium based on® 13141

Low to Medium based

Dn21,22

Low to Medium based
Dn21

Low"

Medium based on®1+2#

High based on1431:32

Medium based on'® ™3

Impact, costs
~£1.3 billion?

Death toll exceeding 70,000°

Mayjor flooding causing ~£3 billion damage
Devastating wildfires

Substantial damage to cereal production'®

Worst bushfires on record, 173 deaths, 3,500
houses destroyed'”

500 wildfires around Moscow, crop failure
of ~25%, death toll ~55,000, ~US$15B eco-
nomic losses™

Worst flooding in its histary, nearly 3000
deaths, affected 20M people®.

47 deaths, 80 missing®™®

Area with significantly increased tree mortality
spanning3.2 million km=’

French grain harvest down by 12%

Wildfires burning 3 million acres (preliminary
impact of $6 to $8 billion)*

Abrupt global food price increase due to crop
losses™
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Summer 2003:
greatest natural desaster
in Europe

ca. 70.000 fatalities

Heat Stress
T eweme

o high
1R moderate
a0 slight

N]

Mortality data: Earth Policy Institute
Heat Stress: Deutscher Wetterdienst

© 2007 Geo Risks Research, Munich Re



WWW.OZEAN-KLIMA.DE

Heat Waves
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Heat Waves

Observed increase in monthly heat records
" Based on 150.000 time series starting in the year 1880
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Ratio of Extremes
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Changes in Precipitation
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Forest fires in Greece, August 2007

Source: spiegel.de



Unprecedented Heat wave

NT

QLD

WA

“Black Saturday” bush fires (worst on record) cost 173
lives and destroyed over 3,500 building
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131 KILLED, 750 HOMES LOST

A TRAGEDY BEYOND BELIEF
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Aug 2002: highest daily rainfall ever recorded in Germany

- .—“""‘*‘ .., /-/
resden —— e’ 7

Damages of ~$3 billion in Czech Republic, >$9 billion in Germany.

Elbe river reached highest level since records began in 1275
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Flooding in Britain in 2007

" Widespread crop damage
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" Financial Damage: £3 billion
Areas affected by flooding
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Pakistan flooding

1% Moderately affected districts | A;GNISSTI'AE%EED
| M Severely affected districts Partab "~ KASHMIR
M Flood areas g ]

Kabul—=

AFGHANISTAN

Rainfall records caused the
e PAKISTAN/,.,“-\, s ; ] i ]
punsae_ worst flooding in history
S INDIA . .
Approximately one-fifth of
e Pakistan's total land area was
Shahdadko;D
underwater
Indus
74 R 7 Affected about 20 million
wa - people, death toll of close to

PAKISTAN |

iR =4 2000

Source: OCHIRPTA reports



WMO-Statement 11. August 2010:
“Unprecedented sequence of extreme weather events”

“The sequence of current events matches IPCC projections of more frequent
and more |ntense extreme weather events due to global warmlng




Sea surface lemperature Anomaly (7 G )

Unprecedented Extreme Rainfal

AT

" Record rainfall causing
flooding of large parts of
Queensland, incl Brisbane

" Link to record high sea surface
temperatures?

" Exceptional blip in global sea
level!

November Sea Surface Temperature Anomaly - Australian Region

Australian Bureau of Meteomlogy
0.6 0.6

1900 1920 1940 1960 1980 2000
Year

Australian Rainfall Deciles
1 October to 31 December 2010

Basad ona 30-earclimatolgy (| 1961-20)
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| Australia 2011

Raintall Decile Ranges
Highasl on
Record

Very Much
Above Avorage

Abova Average

4-F Average

23 Bolow Average

Very Much
Below Average

Lowoest on
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Strongest cyclones are increasing globally

1 2C warming corresponds to 30% increase in number of severe (cat. 4 & 5) storms

[ Maximum wind speed (m s7)
29 35 41 49
| | | |
0.4 1
Global
0.3
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_E_ _______________
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28 tropical storms (previous record 21), 15 reached hurricane
strength (previous record: 12), 4 reached the max. category 5
(previous record: 2)

hurricane Wilma, strongest ever recorded in the North Atlantic
First ever hurricane in the South Atlantic
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Temperature (wrt. 1951-1980) °C
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Hurricane power \) 195
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Year

Hurricane Energy Index (PDI)

Data: Kerry Emanuel, graph Coumou & Rahmstorf 2012
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Today: once in 100 years
After 1 mrise: once in 3 years

WWW.OZEAN-KLIMA.DE

o

F

Rosenzweig and Solecki (2001)
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Sea-level rise
made storm
su rge wo rse The (»;“"»‘;;ﬁ;ﬂ}}}‘»’ Storm

Warm SST tends
to sustain and
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A connection of sea ice and pressure patterns?
............. B P
P —

h. P e e d

Less sea ice
. > high pressure
Petoukhov & Semenov JGR 2010 anoma|y over Jaiser et al. Tellus 2012 (OND)
Simulation with ECHAMS model . i Correlation of sea ice extent and 500 mb height
850 mb height response to reduce sea ice hlg h-latitude ERA reanalysis data vs HadISST sea ice
North Atlantic

Francis & Vavrus GRL 2012 Liu et al. PNAS 2012 40
Comparing pressure patterns 2000-2010 Linear regression winter sea level 13:15
vs 1970-1999 in NCAR-NCEP reanalysis pressure vs NSIDC sea ice extent '



Sandy Pinned & Pushed West

Makings of a "Frankenstorm”




Thank you for your attention!
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THE
CLIMATE CRISIS

Alles was man liber Wetter
und Klima wissen muss

An Introductory Guide to Climate Change

David Archer
Stefan Rahmstorf

Cambridge University Press 2010 photo ©SR



