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Overview of the learning unit

Episode 1.
Polar regions and climate change

Episode 2:
Satellite remote sensing in the polar regions

Episode 3:
Interview with the lecturer

@ Universitat Bremen eGeneral Studies: Der Hohe Norden | The Far North | Le Grand Nord (Kanada/Québec)



Global Climate Change and the Arctic — Remote Sensing and Models — Episode 1 Dr. Georg Heygster

Learning target of the episode

Learning target 1.

You can describe the Arctic as part of the global climate
system.

Learning target 2:

You understand the global warming is induced by
anthropogenic greenhouse gases.

Learning target 3:
You understand the sea ice albedo effect and why global
warming is particularly pronounced in Arctic.
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Overview: Polar regions and climate change

Part 1:
Polar regions as part of the climate system

Part 2.
Current changes

Part 3:
A glance to future changes
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The polar regions
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The climate system
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Polar regions — global climate: atmosphere

 Low latitudes: energy collectors

* High latitudes: energy radiators

* Energy transport by temperature contrasts
Equator = Poles

Transport
-l Atmosphere ot

Transport

- Ocean -

North Pole Equator South Pole
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Polar regions — global climate: ocean

Seaice: ¢ Important fresh water source (North Atlantic,
Weddell Sea)

« drives global ocean circulation
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Atmospheric concentration of some greenhouse gases

Glacial-Interglacial Ice Core Data

—{ 320
—280 |
- 2
W — 240 gc-
380 ("t ey ey 3 -
_ " —{ 200
E —
g 280 T T N T
o B
(&} — -
-k — 1600
180 P NN e — 1400
— 1200 &
—{ 1000 &
__ 800 I"
WNMMW E Drogi
360 I — 400
— -380 |-
§ =
o -400 |~
[L=] =
-420 |
Ll
-440 '_I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 | 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I

Time (thousands of years before present)

Source: IPCC-AR4



Global Climate Change and the Arctic — Remote Sensing and Models — Episode 1 Dr. Georg Heygster

CO, and temperature from Vostok ice cores

Temperature and CO, concentration in the atmosphere over the past 400 000 years

CO; conbenBation. ppmy (from the Vostok ice core)

e

Zm_

2 M

240- T\J m

220

0 \ﬂf\

180—

150_ — e - . y
4DDBM 35000{] BDDiIH} 250000 EDDCIJO 15-000(3 IUUDDB 5[!1]]0 0

Year before present (present = 1950)

Temperature change from present, °C
4°C

o [L | A !

250

%E:\ \n‘“w/ iy W \*«“ W»W W’ W

At

401‘.]000 300&01.'] 250000 EDDQM 15110'.'}0 10000() 50
Year before present {present = 1950)

IR (&)

Arcndal ungr GRARRIG DESH | FHLIPFE REGMENCE

Source: J.R, Petil, J. Jouzel, et al, Climabe: and atmaspheric history of the past 430 $00 years from the: Vostok ioe core in Anfarctica, Mature 369 (3Ung], pp £20-835, 1999, !

@ Universitat Bremen eGeneral Studies: Der Hohe Norden | The Far North | Le Grand Nord (Kanada/Québec)



Global Climate Change and the Arctic — Remote Sensing and Models — Episode 1 Dr. Georg Heygster

The greenhouse gas (GHG) effect

. * Most important
greenhouse gases: H,0,
Solar radiation COZ’ CH4

warms the Earth

 natural GHG effect: surface
temperature + 33°C

| oLse
gases trap some of the
Infrared radiation
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Global mean temperature rising

Global Surface Air Temperature Anomalies from 1880 to 2010 {w.r.t. 1951-1980 Mean)

Temperature Anomalies [°C]

| | | | | | |
1880 1900 1920 1940 1960 1980 2000
Year Source: GISS data
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CO, concentration at Mauna Loa, Hawalii, 1958 - 2010
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January 2010 globally far too warm

January 2010 L—OTI(°C) Anomaly vs 1951—-1980 70

—5.8 —4 —2 —1 -5 —.2 2 5 1 2 4 6.7
Source: GISS Data
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December 2010 globally far too warm

December 2010

L-0TI(°C) Anomaly vs 1951-1980 40
I

—6.4 —4 —2 —1 —-.5 —.2 2 5 1 2 4 11.1
Source: GISS Data
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Ice albedo effect

-“F
- — i —

e

-
e - T
.‘_

= -

5

=

. Initial warming

melts ice

- — - -

y * Positive feedback S
~ * Increases melt o r-*’a“_.:._d;_ ok
. shortens ice season s e >

b

Dark water absorbs
heats water - .
= more sunlight



Global Climate Change and the Arctic — Remote Sensing and Models — Episode 1 Dr. Georg Heygster

Arctic and Antarctic sea ice

Arctic Sea Ice Extent
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Trend of summer Arctic seaice cover

Yearly sea ice maxima and minima

/s
H16- ||| '--u'u “ ||'- IM | | o Aurctic: -2.7 % per decade

£ 14t H'hl\ \I‘ '“|||'H ‘|‘l'|\|"'|||'|'|'|l \'H I ‘ 1« Antarctic: no significant trend
5 Hl'\ il \H\ |||HH|Hlu\uf'HHM

- 12t \HHI | H M\H‘ |‘ il HW H” |‘| MH { + Consequences of reduced

= 10} “ W‘ ‘HHW ‘ H‘ \ UH ‘]HH \|| H { _ sea ice in Arctic

g g i M\ |‘M"-‘, U | H\ | “ | ]+ changes of global weather
Y 6l AAN "'- "\ I g and precipitation patterns

® 4l AL | ¢ more wave action on coasts
ol —> damages

1 70 1975 1980 1985 1990 1995 2000 2005 2010
Year

@ Universitat Bremen eGeneral Studies: Der Hohe Norden | The Far North | Le Grand Nord (Kanada/Québec)



Global Climate Change and the Arctic — Remote Sensing and Models — Episode 1 Dr. Georg Heygster

Seaice thickness
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Sea ice thickness
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 Permafrost area receding, releasing methane to atmosphere

 Permafrost temperatures increasing
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Ice sheets

dS/dt (cm/year)
«<=50 =25 0 25

B 40
 Greenland sheet decreasing, mainly by
surface melting

» Antarctic sheet decreasing, mainly by
bottom melting

IPCC-AR4
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Sea level rise

Rate of sea level rise (mm per year)

Source of sea level rise 1961 — 2003 1993 - 2003
Thermal expansion 042+0.12 1605
Glaciers and ice caps 0.50+0.18 0.77 £ 0.22
Greenland ice sheet 0.05+0.12 0.21 £ 0.07
Antarctic ice sheet 0.14 + 0.41 0.21+0.35
Egmri%fui?g;u‘gc:gas[eimﬁﬁ rise it SRE07
Observed total sea level rise @ m
~———— ~————

Currently: 50% thermal expansion, 40 % ice melt, 10% unexplained.

Source: IPCC-AR4
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Polar regions and climate change

Part 1:
Polar regions as part of the climate system

Part 2.
Current changes

Part: 3
A glance to future changes
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Tool: climate models
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Climate simulations: last 100 yr
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Global warming projections
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Projected sea ice extent

Dr. Georg Heygster
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In some projections, Arctic sea ice disappears
almost entirely by 2080

Source: IPCC-AR4
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Projected sea ice extent

Arctic September Sea Ice Extent:
Observations and Model Runs

However: current sea ice
100 — Observations decline is faster than any

-=-== Mean of Models

wsm Standard Deviation of Models mOdeIS pred |CtS!

« Arctic may be ice free in
- summer by 2030...2040

K*’R% Consequences of reduced
: f% , 9 ice:

« changes of global weather
and precipitation patterns,
more precipitation in Arctic,
more frequent droughts in
mid-latitudes

e more wave action on coasts
Source: Stroeve et al. 2007 2059 9 dam ages

20

Sea Ice Extent (million square kilometers)
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Sea level rise
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Conclusions

 The Arctic is part of the global climate system

e Global warming
- Induced by anthropogenic GHG
- Particularly pronounced in Arctic, mainly because of sea

iIce albedo effect

« Despite uncertainties: Climate models are one of the best
predictive tools of our society

« Climate models predict significant changes

e Mitigation and Adaptation are required and costs affordable
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Exercises for Self Study

1. What is different in the understanding of between climate
change in the past, today and maybe the future. Use for
example the website:
http://www.epa.gov/climatechange/science/futurecc.htmi

2. Inform yourself about the current change of the sea level by
climate change. Which new information do you find on Alfred-
Wegner Institute and Institute far Umweltphysik?

3. How is the Canadian government trying to counter the climate
change? (http://www.climatechange.gc.ca/default.asp?lang=En)
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Anmerkung zu den rechtlichen Grundlagen: Die Rechte der Bilder und Graphiken liegen, sofern nicht anders
angegeben, beim Verfasser der Folien. Die Folientexte beziehen sich, wenn nicht anders angegeben, auf eigene
Forschungs-, Lehr- und Praxistransfer-Tatigkeiten und sind deshalb bei deren Verwendung zu zitieren.
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