Die Polarregionen im Klimawa
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Wetter-Katastrophen
werden vorhersehbar

0zon-Loch, Pol-Schmelze, Treibhaus-Effekt: Forschér warnen
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Polare Regionen
Treiben die globale Klimaentwicklung
und reagieren darauf

Sie sind Frihwarnsysteme fur klnftige
Veranderungen

Ihre Eismassen beeinflussen den
Meeresspiegel und stellen ein
herausragendes Klimaarchiv dar

Ihre Okosysteme sind spezifisch
angepalit.



Klimasystem

‘*Hohe Albedo
*Latente Wadrme

“*Plastisches Material
._ <+ Effektiver Deckel
Anderungen der Schwankungen der
atmosphérischen Bestandteile V

solaren Einstrahlung
(CO9, andere Gase, Staub)
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Polargebiete < Globales Klima

“* Niedere Breiten sind Energie-Kollektoren
“» Hohe Breiten sind Energie-Radiatoren
» Ausgleich durch Energietransport in Ozean und Atmosphdre

* Energietransport wird durch Temperaturgegensatze
Aquator - Pol gesteuert
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Temperaturen in den Polargebieten

temperature anomalies [°C]
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Surface Air Temperature Anomalies (w.r.t. 1961-1990)
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Dispersion von Teilchen aus dem arktischen Raum (Modellergebnisse)

T. Orgis et al., 2008 @
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Kistenschutz - Topografische Verhdltnisse
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Meereis - gefrorenes Wasser
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Arktische Meereis-Ausdehnung im Sommer
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Extent (millions of square kilometers)
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Extent (millions of square kilometers)
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Extent (million square kilometers)
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Average Monthly Arctic Sea Ice Extent

March 1979 - 2013
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Messungen der Meereisdicke
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Variabilitat der Meereisdicke im Transpolaren Driftstrom
(1991, 1996, 1998, 2001, 2004 & 2007)
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Wie steht es um die
Schiffbarkeit der
Nordwest Passage ?
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East Greenland West Spitsbergen
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-1
E. Fahrbach, U. Schauer et al.

Temperature (°C)
Longitude (-°W/+°E)
6-5-4-32-1012345678

b \_ A

1998

1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

Aaa 1997-1999

4

A A A 4 A A a A
A A A 4 A A A A A A Ada R

A AA A A A A A A A A A A A AM %ggg gggg

MM I 1 0 m om o om o omm

&R 3 © 3 & ® No s

Temperature (°C)

o

1 2 3 4

Cross-section current (cm/s)

Year

Longitude (-°W/+°E)
6-5-4-3-2-10123456738

A A A A A A A A A AA  AAA 1997-1999
A A A A A A A A A A A AAs
A AA A A A A A A A A A A As 2000-2002
90 B s D s S o gowwe 2002-2008
2 X0 N = =) © o o @ N 0 0 & WON=s

Cross-section component of current (cm/s)
|

|
-30-26-20-15-10 -5 0 5 10 15 20 25 30



Wassertemperatur in 2500 m Tiefe - der Trend halt an

Temperature [°C]

-0,76

-0,78

-0,80

-0,82

-0,84

-0,86

-0,88

-0,90

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
® YA*
M |
[
il m»
/ y i

AWI-Hausgarten — Klages, pers. Mitt.




Abnahme des Eintrags frischen
organischen Materials entlang des

Tiefentransekts und des latitudinalen

Transekts

@ longterm stations

v moorings

@ experimental area
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Arctic Sea Ice Age, March 2013
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ARK-XXVII/3 (IceArc)
02. Aug - 08. Okt 2012

Boetius et al. Science Express, 2013,
DOI:101126/Science1231346

Meereiskonzentration (%)




Sea Ice Extent
Feb 2013

National Snow and Ice Data Center, Boulder, CO

near-real-time data

. median NSIDC
ice edge

Total extent = 3.8 million sq km
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Figure 6.8: Surface velocity mosaic of the east Antarctic Ice Streams. The speed is encoded as hue and
SAR is encoded as intensity in the HSV color model

Zhao, Ph.D. Thesis, 2001



. “\‘
W \\;\\
AN ¢

L

Map compilation:
M. Studinger O \¢ ‘
— TKiWometers 40°W 30°W 25°W 20°W 15°W  10°W 5°W
01285 50 75 100 Studinger 2011




Velocity magnitude [m/yr] 0

<15 10 100 1000 39

1000 km

Georges VI Ice Shelf RS /ia b
Ferrigno —. 2y | AR
Yoy

Pine Island _~" &
Thwaites S

Getz Ice Shelf “'V
Land

-120 Sulzberger

-150 150

Rignot et.al, Science 2011




508 Rack and Rott: Retreat and disintegration of the Larsen B ice shelf
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Fig. 3. ERS-2 SAR images showing Larsen B on (a) 24/27 February 2002 and (b) 6 March 2002. Dashed circles in (a) surround rifts cutting
through the ice shelf. Lines 1, 2 and 3 show the ice-edge positions on 5, 6 and 7 March respectively.
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Jahresmitteltemperaturen im
Bereich der Antarktischen
Halbinsel.

Die Schelfeise, die in den letzten
Jahren verschwunden sind,
liegen zwischen der -5 und - 9°

Isotherme.

Hellgrau: existierende Schelfeise

ACCE Report 2009, p 251



Continent cools while peninsula warms

Change in mean
Ann. Temp. °C
(1969-2000)

West peninsula

Warm air is brought
in from the north by
Amundsen Sea LOW. Faraday Annual Mean Temperature

Airwarmsat —> 5288888333888
0.53°C/decade at
Faraday/Vernadsky
since 1950.
(1.03°C/decade

in winter)

© & Y & &5 b &N A

Correlates with
decrease in sea ice.



N

i\
WA \ g
‘ ‘ A‘.‘i\\!&\ 0 Py
e — S 103°W Map compilation: M. Studinger
0510 20 30 40 50

Figure 1: DC-8 trajectory over Pine Island Glacier. Background image is MODIS mosaic and ice surface velocity from InSAR.






The Oceans Connect Everything

Climate signals are shared

> Pole-to-Pole
»0cean-to-Ocean

Thermohaline Conveyor Belt {after Doos and Webb)

96g_occamithermohabre?

Rintoul, 2001

nutrients exported north provide 75% of global ocean productivity north of 30S.



Link Hemispheres
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Greenland Total Melt Area: 1979-2009

Total Greenland ice sheet melt area increased 65% since
1979 over the 30 year record; q A..di’ ,qverage 2%/year.
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The increasing trend in the
total area of melting bare
ice is at 13% per year

Konrad Steffen and Russell Huff, CIRES,
University of Colorado at Boulder



GRACE observations over Greenland
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Fig. 3 Intercomparison of mass balance estimates of the GrIS, APIS, EAIS, WAIS, AIS, and the
AIS plus GrlS, derived from the four independent geodetic techniques of RA (cyan), IOM (red),
LA (green), and gravimetry (blue) over the period 2003 to 2008.
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Komponenten des Meeresspiegelanstiegs

Table SPM-1. Observed rate of sea level rise and estimated contributions from different sources. {5.5, Table 5.3}

Rate of sea level rise (mm per year)

Source of sea level rise 1961 — 2003 1993 - 2003
Thermal expansion 0.42+0.12
Glaciers and ice caps 0.50+0.18 0.77 £ 0.22
1.2+0.4
Greenland ice sheet 0.056+0.12 0.21 £ 0.07
mm/Year
Antarctic ice sheet 0.14 £ 0.41 0.21+0.35
Sum of individual climate 11405 @
contributions to sea level rise
Observed total sea level rise 1.8 +0.5° ey 3.1 + 0.7°
Difference
(Observed minus sum of estimated climate 0.7+0.7 03+1.0
contributions)
Table note: 3 1 Cm/ 1 OO YCGI"S
? Data prior to 1993 are from tide gauges and after 1993 wamm

~1.6 mm/year ~2.0 mm/year




Offene Fragen zum Meerespiegelanstieg

<+ Beitrag durch Erwdrmung des tiefen Ozeans
» Zukiinftiger Gletscher-Beitrag (6Gesamtmasse)
<» Dynamik der Eischilde (Ausfluss-Gletscher)

<+ Instabilitat der Eisschilde

< Einfluss des Ozeans auf Schelfeis/Inlandeis
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Zukunftige Herausforderungen

<*Inventur fir Eis auf der Erde (Fldche, Masse!)
< EBis-Massenbilanz (Gletscher & Eisschilde)
«»Permafrost- Anderungen (Gas-Austausch)
“*Rolle der polaren Prozesse und Riickkopplungen

“» Antwort der terrestrischen und marinen
Okosysteme auf Klimadnderungen in den
Polargebieten (Resilienz gegeniiber Stérungen)

> Beobachtungssysteme (Prozesse, Feedbacks, Klima!)

<> Datenanalyse zum Verstdndnis des Klimasystems

<+ Assimilation, Vorhersage, Szenarien als Basis fiir
Anpassung- und Vermeidungsstrategien

“*Nachhaltige (institutionelle) Finanzierung




ACCESS
Feldstationen

http://www.eu-interact.org/field-sites/



Research Base Zackenberg
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Research Bases

Research Base Samoylov

of the Lena-Delta-Reserve with
research focus on greenhouse gas
production and atmospheric exchange
in Arctic Tundra and Permafrost
landscape.

Samoylov Island
(N 72°22, E 126°28)

New Base jointly with RAS as of 2013.




G ooz Strategic Projects AWI &

ARICE - Arctic Research Icebreaker
Consortium for Europe

A strategy for meeting the needs for marine research in the Arctic

20 partners from Europe, USA and
Canada, ,Letters of support” from
IASC, ISAC and SAON

2 R~ - -

Initiated & coordinated by:
g SWEDISH POLAR
AWI@D P resemensecrensmn

LROPEAN
EC,ENCE EUROPEAN
ounnAaTion ~ POLAR BOARD




Vielen Dank fiir lhre Aufmerksamkeit!




