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Climate Change and ‘AN
Internal Variability ¢ /

e Climate change:

— change in the state of the climate that persists for an
extended period, typically decades or longer

— due to internal processes and/or external forcings
* Internal variability:

— caused by internal climate system processes

— is present on all time scales

Definitions from IPCC AR4 WG1 Chapter 9.1.1
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Climate Change and
Internal Variability
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Climate Change and .
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Climate change:
Trend in surface temperature
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Arctic sea-ice

Sea Ice Extent
09/16/2014
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Arctic sea-ice

Sea Ice Extent
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National Snow and Ice Data Center, Boulder, CO

IPCC AR5 WG1 Fig. 4.3
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Sea ice extent QA N/

ACCESS report D1.31 by P.P. Shirshov Institute of Oceanology of
Russian Academy of Sciences

INFORMATION RECEIVED CONCERNING THE ICE, 1938. INFORMATION RECEIVED CONCERNING THE ICE, 1938.

T : =
VL L . . %..e MapbyDenmark
7 Gttt ~..Non: o Y Al NOTE

wnbreken polar i 5 \ . S ORPUB  unbroken polar

=) 4 ==~ Meteorological
v Institute
August 1938

uuuuuuu

red marks: actual ice
observations

blue shade:
overlaying NSIDC sea
ice extent

;- == August 2012

.m‘ ACCESS ﬁ HELMHOLTZ

Arctic Climate Change | GEMEINSCHAFT

Economy and Society

Overlay: NSIDC Arctic Sea Ice Extent 2012-08-01 Overlay: NSIDC Arctic Sea Ice Extent 2012-08-15




Sea ice thickness
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Ice Draft (m)

Under-ice topography
In Fram Strait 2012

ACCESS report D1.26 by University of Cambridge
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Mission 366: Distance: 28550 m to 28950 m

Swath Width (m)

7

D -;.A.nfﬁ-

© ¢ a2 A1 N B © 4N b & b e 4 »
w w o

0]

Mission 365: Distance: 3200 m to 3800 m




Melt ponds in Jul/Aug 2012 C AN/
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Ocean-Sea Ice heat exchange
Chukchi Sea Aug-Sep 2011
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ACCESS report D1.23 by Scottish Association for Marine Science
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Overview Q\V/
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Bid

Definition: IPCC models AN/

* Coupled Model Intercomparison Project (CMIP)

standard experimental protocol for studying the output of coupled
atmos.-ocean general circulation models (AOGCMs)

* by World Climate Research Programme (WCRP)
e standard experiments:

— historical simulation (1850-2005)

— future emission scenarios (2006-2100)

— etc.

e |PCC AR4: CMIP3 models
e |PCC AR5: CMIP5 models

e freely available
http://pcmdi9.linl.gov/esgf-web-fe
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Past simulations: IPCC
CMIP5 models
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Past simulations: IPCC N
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Past simulations: IPCC .

CMIP3 models
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The diversity of past sea ice |
QAN
concentration (sic) /

ACCESS report D1.51 by Alfred Wegener Institute
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How to select the better models?@*[\Nl

* histor. experiment: monthly mean sic
* mean seasonal cycle 1979-2005

e difference to satellite derived sic
— OSI SAF by EUMETSAT

. . 2
° misfit = lz (Slcmodel _.Slcsatellite)
2 weights
* for each grid point, TN T

Integrate over regions




How to select the better modelsi@*l\l\ll

OSI SAF norm. misfit
WP4.1 sum over WP4.1
regions regions
1 MPI-ESM-LR 1.000
2 MIROC4h 0.998
3 MPI-ESM-MR 0.997
4 GFDL-CM3 0.988
5 NorESM1-M 0.979
6 MPI-ESM-P 0.966 e
7 ACCESS1-0 0.926 was |
8  NorESM1-ME 0.882 5%
9 inmcm4 0.878
10 CCSM4 0.859




How to select the better modél$¥\/

* repeat analysis
for total Arctic
Ocean

* OSISAF
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How to select the better modelsf@'l\Nl
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The diversity of past sea ice
concentration (sic)
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Emission Scenarios oL\Y,V/,

Representative Concentration Pathways (RCP)

RCP8.5 >85Wm2in2100 >13701in 2100 rising
RCP6.0 ~6W m=2at ~ 850 at stabilization after stabilization
stabilization after 2100 2100 without
overshoot
RCP4.5 ~45W m=2at ~ 650 at stabilization after stabilization
stabilization after 2100 2100 without
overshoot
RCP2.6 Peak at~3 W m=2before peak at~ 490 before 2100 peak and
2100 and then declines and then declines decline

0 ACCESS ﬁ HELMHOLTZ
Moss et al., 2010 (:é | GEMEINSCHAFT
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Future Emission Scenarios @A/

IPCC AR5 WG1 Fig. 1.15
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Future Emission Scenarios
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The diversity of future sea ice
concentration (sic)
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ACCESS report D1.51 by Alfred-Wegener-Institut
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Future change in September sic »
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Sea-ice area QAN
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Sea-ice area QAN
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Sic along a Northeast Passage AN/
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Sic along a Northeast Passage

SWAVAY/J

RCP 8.5
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Summary AN/

* Arctic climate change
— large effects on global climate
— due to feedback loops (e.g. ice-albedo feedback)
* Monitoring climate change in the Arctic for decades
— we understand big picture
— some details not yet known
* Applying models for estimation of future change
— uncertainties decrease but slowly
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