Sea Ice Extent
Sep 2010

O
(&b
S
=
=
(=]
(a @]
=
£
—
<]
(@]
has]
(S5
(=
@
L=
=
[ =t
<
=
S
 —
oD
@©
[ ==t
=
=
<
=

Total extent = 4.9 million sgq km




Arctic Climate Modelling

Ralf Doscher
(Rossby Centre/SMHI)

he role of the Arctic in global climate
Arctic climate in global models

Regional Arctic climate models

Sea ice modelling

Arctic climate process and feedback studies
Climate change scenarios of the Arctic
Uncertainties and user perspective



The Role of the Arctic
In Global Climate

affecting global

« Water conversion warm -> cold ocean circulation

Freshwater controller
* Arctic amplification

- Changing sea ice is directly affectipfg-
northern land conditions i

° Heat sink }

and oscillation patterns



ThetArctic as Heat sink

as freshwater
seulce to the
globalpcean

image ©:2009 DigitalGlobe
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The Global Ocean Overturnin
“Ocean Conveyor Belt” (Broecker, 198

A . _a— Deep water formation

- s

Deep water formation . %

¥ | |
Lhps Ry,
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Surface
current .

— Deep current

Ocom ./ K Atlantic

,._ Deep water formation

In this
schematic of the
MOC. warm surface
currents are shown
in red. and cold
deep currents are
shown in blue. The
surface currents are
transformed to deep
currents at high
latitudes both in the
South and in the
North (adapted from
NASA).



Freshwater storage and release
In the Arctic

. FW storage of 84,000 kin10 times larger than the annual
FW Input

. Mean residence time of 10-15 years
. Input variability is not correlated with output veaility
. Flushing ruled by variations in atmospheric cirtioka

Beaufort ylfar'eshwa‘rer' height

Freshwater hejgth

Freshwater heigth {m’



Ocean Currentsin deep water formatlon reglons
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Arctic Amplification
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SMHI |
“Arctic feedbacks:
Ice albedo feedback

Sea ice covered with snow reflects about 85-90% of
sunlight, while ocean water reflects just 10%.

Thus, as sea ice melts, revealing more and
more of the ocean beneath, the
increasing absorption of solar

radiation adds to global

warming, which causes
more melting,
which in turn
causes

more
warming,

and so

on...

A ¢ 20% Reflected

—~ by vegetation
=Y and dark soil



Arctic Amplification

301 CHYLEK ET AL.: ARCTIC AMPLIFICATION AND THE AMO L1
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=> The Arctic Is warming faster



Extent (million square kilometers)
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SMHI
Effect of ice retreat on land areas

NCEP/NCAR Reonalysis
1000mE air (£} Compesite Anomaly 1968—1956 clima
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Oct to Dac: 2005 to 2008 minus 1968 to 154968

Near surface air temperature anomalies. Data are from the NCEP,
generated online at www.cdc.noaa.gov .



Arctic Climate in Global Climate

« Control climates
« Arctic Amplification in GCMs
 Representation of recent sea ice change



SMHI
Surface temperature control

climate in 14 GCMs

Summer IJ] Autumn (SON)

+30
+25
+20
+15
+10

Best guess of
real world g

14-model § 20
average | 25
g 30
= -35
40
+12
+B
Model +4

i} é . | 0 ¢
Real world 4
kL -8
=4 . 12

Individual models disagree from the averagéhapman, Walsh et al. 20(




RMSE: Arctic surface air temperature ('C)
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Arctic Temperature:
differences between
GCMs

RMSE: Arctic surface air temperature
70°- 90°N : Ocean only
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SMHI
Arctic Amplification in GCMs

A1B: 2046-2065 A1B: 2080-2099

e 4

| I @
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 7.5 ("C)

IPCC, 2007: Multi-model mean of annual mean surfaeeming (surface air
temperature change, °C) for three time periodomialies are relative to the
average of the period 1980 to 1999.

Reasons: _
Temperature — ice albedo feedback _ _
Changed large scale circulation and heat flux itite Arctic



SMHI
Sea ice extent In GCMs

&) 1980-2000 averags by 2080-2100 average

Multi-model mean sea ice concentration (%) for Jaryuo March (JFM) and June to
September (JAS), in the Arctic (tOp% for the pesia) 1980 to 2000 and b) 2080 to 2100 for
the SRES A1B scenario. The dashed white line itetiche present-day 15% average sea
ice concentration limit. Modified from Flato et #2004).



Climatological late
twentieth century annual ice
thickness averaged from 1980 to
1999 from the 14 models
considered, the multi-model
ensemble mean thickness, and
the inter-model SD (the latter
two as the last two panels of the
bottom row). The isolines are at
intervals of (.5 m intervals,
except for the bottom right
panel, where the interval is
.25 m

Differences due to
— Sea ice rheology
— Atmospheric forcing
— Ocean forcing

Holland et al. 2010




SMHI
Sea ice extent In GCMs

. Arzel et al. | Ocean Modelling 12 (2006) 401415
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_ Mean Arctic sea ice extent (left bars) averaged @981—-2000.
The white shading represents the absolute valtigeate extent difference between March
and September, whereas the gray shading indidstasd extent at the end of the melt
season

Results would potentially be much better if theaodee model would be forced by
observed atmospheric fields



Reqgional Climate Models:
Downscaling

* Atmosphere, ocean, seaice, soil ~  mow 500

~ PN

e Coupling frequency 3h

4000
3500
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12000

41500

- Forcing at lateral boundariés. -

» “observations” (best guess Of)\“\él"

* Global climate model S~
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SMHI _ .
Regional models can potentially

perform better than GCMs

Cunl GCM1 -

T2m (deg C)

e R R N R
‘o tll T
5

-‘.1

1980 2000 2020 2040 20060
time (years)

Annual mean 2m air temperature®®, averaged over the entire
RCA-domain (top)

Koenigk et al, 2010




Sea Ice modelling

Thermodynamics
Dynamics

Ice classes

Melting and freezing
Sensitivities



SMHI
Basics of sea ice modelling

3 —

. H

i v

Thermodynamics: Dynamics, rheology:

Response to thermal forcing, Response to stress from ocean and atmosphere.
Surface reflectivity, Stress, strain,

heat conduction, shear, distortion,

Inhomogenities, _
Snow-to-ice conversion,



Sea ice parameterizations & ===
In climate models: < Joe

* Ice/snow albedo, melt ponds
— Important for summer ice retree




Sea ice parameterizationsg

IN climate models {
le!xd ice
e |Lateral freezing Modellers choice: freezing the

complete lead with thin ice

— Important for winter
buildup of thickness

lead ice

... or freezing thick ice laterally

|_ .
lead { e




‘Sea Ice parameterizations
In a coupled climate model

1.0
E 1
o =
S B8
= i
=2
:ru 0.4 — —_— 5 =
L] B weak lateral freez T
————— medium lateral freez 2 PR,
0.2 - — medium lateral freez, reduced albedo
. ----— strong lateral freez, reduced albedo

00— 77T 71T 7T T T T T T T
1 2 3 4 5 66 7 8 © 10 11 12

Month

Mean seasonal cycle §1996 —1999) sea ice covdn 0bi®0°N from SSM/I data
and simulations of HIRHAM-NAOSIM. Taken from Dorha. (2006)

=> “Model tuning” is necessary and needs to be donéwithe limits
of process observations



SMHI - |
Impact of using ice categories

Louvain-la-Neuve Ice Model (LIM)

Single ice category e 0 e e, Multiple ice categories

Fig. 2: Simulated September geographical distribution of ice concentration in the Arctic, simulated by LIM2
(left), as derived from passive microwave observations (Comiso, 2007, center), and simulated by LIM3 (right).

Single ice
category

Muliple ice
categories




Arctic Climate Process and
eedbac udies

To simulate and
understand the climate
system
we develop models
that describe
mathematically
the key processes in
the climate system




Shis Wind drives the ice

ERA + ERA* forcing BMRC + BMRC* forcing

Bitz et al. (2002):
Sea ice model, driven byg_-
different wind forcing.

Sensitivity experiments
that test the model
response to the wind
composition show the icgs
thickness patterns

depend primarily Realistic seasonal Distorted seasonal
on the climatological cycle wind forcing cycle wind forcing

mean annual cycle ofthe

geostrophic winds. ERA + BMRC* forcing BMRC + ERA* forcing

=> seasonal mean wind
Isruling the large scale
structure of ice cover.
Weather isnot
Important

Fi. 11. Apr sea ice thickness pattern when the ice model is forced by a combinations of winds from
ERA-15 or BMRC climatological mean annual eycle {denoted by overline) plus daily anomalies {denoted
by superscripted star).




SMHI
lce cover feeds back on winds

Reduction of ice cover gives local low pressure
anomalies

Reduced ice
D) cove=

-,

« Large scale response is less clear

— Negative NAO response (e.g. Alexander et al.
2004, Seierstad and Bader, 2010)

— Positive NAO response (e.g. Singarayer 2006)

— Increase of storm intensity due to increased (e.qg.
Bengtsson et al. 2006)

— Reduced storm intensity in late winter directly
coupled to reduced ice cover (e.g. Seierstad and
Bader, 2010)




Arctic feedbacks

Temperature - albedo feedback

— (+) Temperature rise - less ice/more wet ice -
InCreased heat absorption - warmer ice/ocean

Temperature - cloud feedback

— Temperature rise — increased evaporation —
Increased cloud cover -

* (-) Increased reflection of solar radiation -
temperature reduction

* (+) Iincreased absorption of LW radiation from
the surface - further temperature rise



CAMA4 predicts an unrealistic cloud response
to sea ice loss during July 2007.

Observed CAM4 Forecasts

Sea lce Fraction Difference

July Total Cloud Fraction Difference
(2007-2006)

— (T — Jen Kay et al., 2010
-0.4 0.0 0.4

A physically motivated change to the stratus cloud parameterization
improved the cloud response to sea ice loss and increased surface energy
budgets in July 2007 by 11 Wm=2,




Regional process studies:
Simulated summer sea ice extent

2
)

;
/

Arctic summer sea ice extent decrease in coupled model
1500

--- coupled runs

1060 --- ERA40 or sat observation

500 off

ice ext anomaly 1000 ki’

-500

Ddscher et al, 2009
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SMHI . o
Ice thickness variability

and control of variability
Eiﬂ ] 20 d Eiﬂ 0.5 1

0 1] 1.

= 2

0 20 <]

internal 1980 - 2000 external 1380 - 2000 signalfnoise 1980 - 2000

~ Internal (left), external gcenter) variability of&ic summer (JAS) sea ice
thickness for the period 1980-2000 in cm, and $igaese ratio (external/internal)

Ddscher et al, 2009 (right)




Climate Scenarios of the Arctic

IPCC

Sea ice cover: too conservative?
Regional scenarios
Uncertainties



The Arctic in global climate change scenarios

Ly
o [l zoth-century forcing s ”.j |
MIRCC 3.2 MEDRES % E.!:‘I 1
GFDL_CM2.0 - IPCC SRESB1 Scenario

GISS MODEL E R .
A b B ircc SRESA?2 Scenario

MRI_CGCM_2.3:2A Bl iPcc sRESA1B Scenario

INMCK_3.0
NCAR_CCSM_3.0 Hy
MPI_ECHAMS FH o M B
LEMO_HADCM? " i
i r =

IPSL_Ch4 He o b FH Hy Ezlz 4

Hhck M ool W
CCOMA_CGCM_3.1 4 S B
GSIRO MK 3.0 & ,LE

E K
GFDL_CM2.1 G ”'| HY
Ny

Z Z K X & - ITmmmooOo@o®

N w0 N 0 W

Probability
density
function

surface air temperature (°C)

s S ”%%LLL Chapman, W.L., J.E. Walsh (2007) 2

_13900 1920 1940 1960 1980 2000 2020 2040 2060 2080 210_8

Simulated and projected annual mean surface air temperature , expressed as departures from
1981-2000 means, by 14 global climate modglgoﬁr the 20th- and 21st- centuries. Average 60°-




SMIHI Sea ice changes

Q. Arzel er al. | Ocean Modelling 12 (2006 401415 409
4 P
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(a)

Sea ice volume

(b)

Fig. 3. Changes in Arctic and Antarctic annual mean sea ice extent (a) and volume (b) at the end of the 21st century. For each model the
left {right) bar represents Arctic (Antarctic). The model FGOALS-g1.0 was excluded from the model average.



SMHI
IPCC sea ice cover

MH JA? { Ii GHO=1 999; Satelita UFS avi -B".]_' [ 10* krn)

20 4 IPCC, 2007 |}
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Figure 10.13. Multi-model simulated anomalies in sea ice extent for the 20th century (20c3m) and 21st century using the SRES A2, A1B and B1 as well as the commitment
scenario for (a) Northern Hemisphere January to March (JFM), (b) Northern Hemisphere July to September (JAS). Panels (c) and (d) are as for (a) and (b) but for the Southern
Hemisphere. The solid lines show the multi-model mean, shaded areas denote =1 standard deviation. Sea ice extent is defined as the total area where sea ice concentration
exceeds 15%. Anomalies are relative to the period 1980 to 2000. The number of models is given in the legend and is different for each scenario.

Sea ice too conservative In IPCC ?



Climate Scenario Experiments
- Dynamic Regional Downscaling -~

Arctic summer sea ice extent
10000 | | I I I I

*  Regio. coupled run min ech_001

9000 * Regio. coupled run min ech_002 | |
* Regio. coupled run min ech_003
8000 - Regio. coupled run min ech_004 | |
Gilobal coupled run min echgem
3 ——— Observation GSFC
7000 j~d 5 % £4a:7:- 0 Y Observation ERA-40 B
“E 6000
.
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S 5000
|5
4000
[e}]
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Koenigk et al. (2010)




The average summer of rapid change

SLP down-rest summers

120
100
80
60
40 }
20 ¢

The average winter before rapid change

T2M down-rest winters SLP down-rest winters

Ddscher et al. /SMHI Rossby Centre




Uncertainties and user perspective
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; The Arctic In
: global climate
; change

. scenarios

:
:

Projectedsurface air temperature
change from 7 GCMs

(2070 ... 2089) — (1981 ... 2000)

I ——— B
A4 42 10 8 8 4 -2 O +2 4 6 B +10 12 14 Chapman’ W.L., J.E. Walsh (2007)
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SMHI | o
How to deal with uncertainties?

* Climate modeller
— Reduce uncertainties as possible
— Explain uncertainties

 Climate analyst

— Optimize use of model output and quantify
uncertainties
 Use many global models
 Many variants of regional models

Composite GCM Sfc. air temperature RMSE

60°- 90°N : minimum 12-month sum rmse: 1981-2000
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mHI Changes in daily SLP 2060-2080 - 1980-2000
1J1° JJA

Adding value for
users

Figure 13: Changes in daily extremes of SLP between 2060-2080 and 1980-2000 in
ECHstand in winter and summer: Top: SLP change of the 5 % days with lowest SLP,
middle: mean change, bottom: SLP change of the 5 % days with highest SLP.



SMHI
Scenario chain down to local scale

Global model "EC-EARTH”
g%& -- 100 km

Regional Arctic modell
"RCAQ" 25 km

Impact models
marine environment,
land ecology,
hydrolog,
atmospheric
chemistry, etc

Y

LOCAL SCALE User

Permafrost, ecology,
etc

100 m — 5000 m




SMHI
Local impact studies require high resolution




SMHI
Next step:

Arctic System Modelling

geophysical
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SMHI
Arctic System Modelling

e Hu man—.enuimnment
ST Faiats Human-environrment
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To take home

The Arctic interacts with the global climate

Arctic amplification

Sea ice Is decreasing / surface air temperatunensasing
Multi-parameter model adjustment (“tuning”) is nssary
Local feedbacks compete and interact

Arctic-interal interaction accounts for large paots
Interannual variability

Feedbacks between sea ice change and large scale wi
changes are unclear

Climate models of the Arctic have uncertainties

Regional models and single GCMs are capable of
generating “2007”-like sea ice reduction events

Impact users and end users need higher resoluitbmare
softisticated model ranking



SMHI
Missing due to time constraints

AO/NAO
Seasonal outlook
predictability
Glaciers
Bio-geo-chemistry
Permafrost



The End
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SMHI Possible change of large scale atmospheric
circulation: more meridional

212 JOURNAL OF CLIMATE VOLUME 19

(a) mode1 61% (b) mode?2 13%

FiG. 1. Spatial distributions of the first two leading EOF modes of winter monthly mean SLP (October—
March): (a) EOF1 and (b) EOF2, accounting for 61% and 13% of total vanance, respectively.

Wu et al. (2006)




