"The relevant content of the
presentation was given as a talk
during the conference. The
slides alone can be misleading."



The Transition Ahead

Informing society for its decision on mitigation and adaptation
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Collapse of Wilkins ice shelf
Feb. 2009
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Ask a climate scientist !

www.pik-potsdam.de/~anders/GlobalExpert

Prof. Dr. Anders Levermann, Potsdam Institut for Climate Impact Research, Germany
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CO, is rising rapidly

... along with other
greenhouse gases

Intergovernmental Panel on Climatic Change

4th Assessment Report (IPCC AR4, Feb. 2007)
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Ocean acidification
threatens marine food chain and coral reefs
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Earth is warming

2000-2009 warmest decade
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== ... and continues to warm!
1°0 | | | |
—— IPCC Ensemble and 95% range
8 —=— HadCRUT3
NCDC
o == GISTEMP )
IPCC 1990: Reasonable ~0.47°C
per decade

Temperature Anomaly (ref. 1980-1999)

|_averaging period: 25-30 years.

Hindcast Forecast
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Wet regions get wetter
— dry regions get dryer
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Precipitation: change in annual amount [%]

... globally / :
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17t September

sea ice concentration (%)

Arctic
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2005
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sea ice concentration (%)
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University of Illlnols - The Cryosphere Todau




Monday September 17 B2:41:24 PM CDT

2007
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sea ice concentration (%)
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Melting of Arctic summer sea ice
Time series since 1979
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=== Greenland Melting Season 2012

From generall 50% to 97% of the surface
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www.worldviewofglobalwarming.org & Galy Bragseh Phatography



USA

Grinnell Glacier
Glacier National Park

[ Gary Br@¥=th Photography

www.worldviewofglobalwarming.org @ Gary Braasch Photography



Switzerland

Rhone Glacier

& Gary Braaseh Phatography

www.worldviewofglobalwarming.org



Austria

Pasterze

www.worldviewofglobalwarming.org

Pasterze Glacier ( sité), Austria ™% ) 2004 Gary Bradsch



Alaska

Portage Glacier

c. 1950 e Uniy, of Alaska Library

© 2002 Gary Braasch

www.worldviewofglobalwarming.org



Alaska

Portage Glacier

PORTAGE GLACIER AK, 1914 * NOAA
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. ) PORTAGE GLACIER AK
www.worldviewofglobalwarming.org © 2004 GARY BRAASCH

(AERIAL ESTIMATION OF 1914)



p
D
p

Sea level is rising

observed global sea level change of last century
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Sea Level Change (cm)

15-20 cm
since 1880

Cazenave et al. 2008. 1900 1920 1940 1960 1980 2000
Church & White, 2006. Year
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Future projections

o

Temperature Change
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Ranges: Business-as-usual
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Global Mean Air Surface Temperature relative to 1860-1899 (°C)
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Year

Meinshausen et al., 20009.



Globally averaged warming (°C)

= Multi-model future projections

have not altered significantly since 2001
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Concentrations
20th century
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IPCC 2007
projections
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Coral bleaching

80% of coral reefs are at risk of
disappearing already at 1.5°C.
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Things that might happen

Risks in a warming world ...
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Observed contributions
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to sea level rise

1961-2003: 1.6 mm/year: 2003-2008: 2.6 mm/yr:
(Domingues et al., 2008) (Cazenave et al., GPC 2008)

* Ocean warming (~40 %) « Ocean warming (~20 %)

* Mountain glaciers (~35 %) « Mountain glaciers (~40 %)
 |Ice sheets (~25 %) * Ice sheets (~40 %)




o 0 o Ocean warming

P 1K future contribution to sea level rise

2.5

No future surprises expected! 2/

2000 2200 2400
year

Schewe, Levermann,
Meinshausen, 2010.

. but it does not stop
until temperatures decline.

4 20 500m

in 21st century 4

|

Trend Sea surface temperature 1978 - 2002
—m e ——

-8 -04 00 04 08 12 16 20 3,0 Trend [°C]



D

D
p

|
|

o

|

Mountain glaciers

future contribution to sea level

218t century: 5-15 cm (IPCC, 2007)
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What is missing?

1

Big Ice Sheets
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Antarctica B
West Antarctica: 5 m ik = 7
Greenland ¥

East Antarctica: 50 m
Potential sea level rise: 7 m
Bamber et al., 2008



oL o Tipping elements

particularly sensitive to climate change

iy Actcssaicomaing
ice sheet
mr/f Ar_ctic’.;ozonm Methane

gasing

~ ElNifo
Southern Oscillatio

Marine
carbon cycle

Deep water formation & Nutrient supply
West Antarctic
; et I Antarctic ozone whole

population density [persons per km?]

nodata 0 5 10 20 100 200 300 400 1000
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Greenland Ice Sheet
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Risk of Irreversible Loss

_____

Ice volume (million km®)

0 T T T T 1 - T 1 T
-1 0 1 2 3
Temperature anomaly (°C)

Ice elevation (km)
REMBO, PDD
init: ice frgae‘_ -

The loss of the Greenland ice sheet may be triggered [« ‘ /
at 1.5 - 2.5°C additional global warming.

Hysteresis: The ice sheet does not regrow until lower temperatures

are reached again. Source: Robinson, Calov & Ganopolski, submitted
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West Antarctic Ice Sheet
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Mechanism of abrupt ice discharge
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Abrupt ice discharge
West Antarctica

2.465e-05
1e-06

1e-07

1e-10

1e-20

0

ice velocity [m/s] Dynamic Equilibrium Simulation of Antarctica with PISM-PIK:
ice velocities & animated particles

(Winkelmann & Levermann, 2011.)

0.00 * 100.000 years

(‘LLOZ ‘UUBULIBAST 9 UILEN)
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Russian heat wave 2010
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Extreme events
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<> More heat waves
<> More droughts

Temperature change

8
a 7
6_ - 6
5- —- 5
4 - 4
3 -1 3
2- - 2
1L ~ 1
| 0
-1 o
_2_ L 1 L M i 1 2
1900 1950 2000 2050 2100

Jahr



p
D
p

Extreme Weather 2010
Wild fire in Russia
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Temperature anomaly in Russia
July 20-27 2010 compared to 2000-2008

Land Surface Temperature Anomaly ('C)

12 0 12

< July 2010 warmest month ever in Moscow since the beginning measurements 130 years ago.
< Temperature exceeded the long-term average by 7.8° C.

< ~ 12 million hectare land burnt.

< Heatwave destroyed crops in many parts of the country, pushing food prices up.

< Export ban for wheat.
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Russian heat
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wave 2010 -

Extreme events

<> More heat waves
<> More droughts
<> More extreme rainfall events
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Temperature change
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Extreme Weather 2010
Monsoon rainfall in Pakistan
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PAKISTANI- |

B Sevirty sected it e
< Unprecedented July rainfall ) O o
< Following highest-ever temperature in Asia: 53,5°C. Kabdie - e
AFGHANISTAN : T

< Initial rain intensity: 300 mm in 36 hours.

< Flooded areas constitute world's largest freshwater lake.

<> More than 20 million people lost homes. sacocwstan
< About 1600 people died. INDIA
PAKISTAN &:‘:;tu 1

Source:

Source: www.dfid.gov.uk




Extreme events
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<> More heat waves
<> More droughts
<> More extreme rainfall events

Temperature change

<> More extreme cold periods

American heat wave 2012
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o L) o Extreme Weather 2010

I«
>

in Germany
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Arktischer Ozean

Franz-Josef-Land
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Petoukhov & Semenov, 2010

= Extremely cold winter in Europe

cause by global warming?

» Global warming

> Ice melting in Barents Sea

» High pressure system

> Arctic winds

» Cold winter in Europe




Temperature Deviation °C
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10
. CO, emissions
0 . ,
2000 2200 2400 Yr AD 2600 2800 3000
| . . 2300 - B
CO, persists for millenia N _
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means 300 | —
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O 4
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Allen et al. 20009.
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CO,-Budget (2000-2050)
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2/3 Chance to stay below 2°C means:

Gobal CO,-budget of ~1 trillion tons

2000-2009: 33%

i E

2010-2050: 67%

At same consumption budget exhausted in 2030.
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Can we solve it only by
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Carbon Capture and Storage?

,Below-two-degrees” scenario Without mitigation:

2050: < 0.1t per person peryear 2050: ~ 2t per person each year

of ,negative emission” 2100: > 3 t per person each year
6

Future scenarios
B uRepresentatlve Concentratlon Pathways“ --------------

Schewe,
Levermann,
Meinshausen, 2010.

1950 2000 2050 2100




Thank you for your attention !
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Avoid the unmanagable. =

Adapt to the unavoidable. *
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Prof. Dr. Anders Levermann, Potsdam Institute for Climate Impact Research, Germany.
www.pik-potsdam.de/~anders




