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, , , , . Sea ice extent in various sectors of the Southern Ocean
Antarctic sea ice extent is one of the few climate variables that has
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We address three questions: 2006 2010 2014 2006 2010 2014 2006 2010 2014
1) What were the 2014 prevailing sea ice and atmospheric conditions? o - 3
7Y Wh he drivi f behind the 2014 d? The model has a realistic behaviour in all sectors except the Pacific Ocean Sector. Because of that
) at are the rving 1orces benin the recora: sector, Antarctic sea ice extent is not a high record in the model. Still, sea ice extent variability is
3) Is this h|gh record attributable to anthrOpQgenic climate Change? well captured in the other sectors, and in particular in the Indian Ocean Sector where sea ice
conditions were anomalous (see the maps in Section 1).
1) Cha I‘aCtEI‘IZIng the event Sensitivity tests in 2014 suggest little mechanical impact of winds on the 2014 anomaly in the

model. However, 2-m temperature has an impact on sea ice extent anomalies. To reconcile these
two results, we compute the advective temperature change anomaly in 2014

September 2014 anomalies (departure from the 1979-2013 mean)

September 2014 anomaly of advective temperature

Sea ice concentration and winds 2-m temperature and winds change (colors) and wind anomalies (arrows)
N PN ""-.////////’F;:_._\\\\ : N 2y s g ""-////////"?’T.,_\\\\\i\\\\\\\\\\B‘k,.s“ . .
r Rt £ Sttt A ¥ L [}h S et 2 L AR AR T A : b4 1Nk s 44 N s L s 1 L TN
I I s T AR 2 9444b 8 NI s s A A TR S SRR B Y ) T RN o 0oy 2ol L AN hi f f
‘‘‘‘‘‘‘ N - gl e 4444404 RS Y SNt G  NR,, ol ;;.;;;;;7;7;1“".; § - WY monthly means oOtf surface temperature
NN 1774 30 GOSN N & A A A A ey WP j’-;.//»;»;;' ,.:-.,-_':-":"i’i:}i:fi‘?ﬁil\w;»({////xxxi:1 A BT P A 2 T (B W o . . .
NIV N Y ks naanas \\\\"’x’;;//’,”" AR A ALy PI///%?/ ;_,‘-ﬂ"" -k >»s\\}g\\ss\;’\\;&\\\*f/////””” ///‘ _.,-““!.'."‘.. ;*\\E\‘\ a nd WI nd S Of E RA_Inte rl m fl rSt Over
\\\\\\\\ 4 v%_-‘vv»A\:\\\~ - ;ss\{-,,‘\.,,.-y/ /////I——n» S o “'//////')f S Bad TN T ,:5;‘*‘;&%?.-1////////_‘» —— }’.Q-’ 2 RN LN I/
) D Ee e R o0 ’; s I N7 S e e : : "‘.-""\-""?4;75:34;1‘ et A A T TS .
WYYy Ve Ve A S ST TRIR AN SRR X | < s s P AN 8 & 4 4 o« o 4 ), SENe AN B AR & C 8 3 Y : 5
N A v W e ST (BN YRR O September 1979-2013 and then In
) ’5 4 A .L o : 5 f //( é. 4 ‘; ; ‘; :: : b s é::m" Y ) ."’.~ . 8 4~.¢ ' ’ﬁ-"‘:—h-bs h
i i ey 5“4--5-.;: ,,,,,, — g September 2014. The map shows the
: ¢ 5 s, & g2
FHY F ) . .
ALY, @ Vi, Thees RS RARLYY. w  Vin., Trsece difference (2014 - climatology).
Sk 2n Al SERESTRA) 2. il
MR, i A ARty o R - L G e | | -
TN AL PP TN fe° M T 2
AR AR . 1155 R . . . .
AL Aghpints | R et G | This diagnostic is helpful to quantify how
ARES SERERL NS , ;H : , | D ttne. 55»; % :§H\ A e
Amundsen=—-U g e 251ty 7} Y much surface temperature has changed
Bellingshausep/” >/ /7" N e B e s due to the changes in prevailing wind
~ eas - > > o e -Vd"’v » 444—4—“: : £ ‘.)' .... = qq4-a v*» > -r..’d.r'-»-rv "J"’v » 44-4-_1':4—“4- Al &
.-‘,x"'vrv ¥ ¥ >y A | 7 ::‘—ﬂh“%“ L RN Tad 4 A ..s.,x":rvvvdrv"t‘rv T p SRR & 1 ‘(.. d o _ o h h 201
PSS Aoy, TR PSS A, y—— B conditions. It suggests that the 4
;;;;;; 749 ?,.'-:;., A & -~ N v oonaaav 997wy R <o ,._,.;;,-.-‘,M“\:::: N \‘_“-', -y v Wy . X
B % s % o NS 2 4 4% -, S~ L RN T 1 o -
,,,,,,, o NG ey 2 R L e ENRer Y, 2 A g . anomaly in the Indian Ocean sector was
4 o i ::‘ < ..-.‘.'»"'r"-v--. & & ..I---!"._'...-'"“' A“IAPIIA.".«!—M’ - ﬁ‘gg}% : : ------ : ’.,a' Vv oy :::: ,"7,**.‘ ............. ;"‘).": AA:I&A—A—}*«—d—% *::::: : L S L/ ...‘.v.'%'..: s @ LR SN ) (I 1
‘ : : q 4 A‘ . ~ " ‘-:::: Ly ‘ pPrLLL ’xttm ’ : t\ 4 :: ‘ ‘ - ‘::::: [ yrrrLs _‘-111114—4—4—::2:::‘ 1 4 = o 4 & 4....'1 R :-.’!.,:.\ ; s . 3 “ K » | | d . b h I . d
i g g : - k ';.-": :: ‘ N ‘ - ‘v:.: “‘-«:—:::::;:;: ’::‘:,:4-4- 4:."1.< ch » : ;‘.'1 :‘".ﬂ'.* a : v :;..-'; PN S “:.:ﬂ“«:: ::::;;:z:;:‘;i::‘ 4.."1."<< V:‘:‘:\{"} ¢ 4 P : = ‘."j b\ b ;I:';:‘n.-;.,,'._.‘.\ ‘\: ".:;_;,:-- "'.'-. - ‘ a rg e y rlven y Sout er y WI n
§ TRPEEINNN  RYAN Prommmest sootiiiris S DR & | Y T BE AT PSR RA SoOPonit vt s £ PR NV, § TERRBE ALY £ oty AU 5 1750557\ Sonentatiy :
f'-{,.{; RO RO LTI IIEI X L i, i"i.-::: DR R AR ARSI e e P22 Y L AN AN Y, Y VR R R VOO GRINS D 1555l by, | 959 i P RPR N anomalles, that transpo rted more
— T T T | ..'-‘::?‘"\::‘\"H;: Aw::l ,,/,’)//” “‘1'."".“:3;:.‘ . .
. e s QY v A bbbkt eaad ; # 2 < @ s
45 -35 -25 i5 5 5 1:5 2—5 35 45 4 m/s | ' ' ' 4 SRR (TR 2. 2P 255 v vk Yo continental cold air masses offshore.
- - - - - -3 —2 -1 0 1 2 3
0 _ ' ' ' | L —
/ OC ] | ] 1
O -4 -3 -2 -1 O 1 2 3 4 4 m/s
[ [ ] [ [ ] [ ] [ ] [ ] OC / d
The event IS characterlzed by d CII’CUI’T’IpO'BI’ INCrease IN sea Ice concentration ay

except in the Amundsen-Bellingshausen sector. Anomalous sea ice conditions in
September 2015 could result from:

3) Is the record linked to man-made climate change?

- anomalous wind forcing (mechanical effect: more sea ice is advected The Antarctic sea ice extent high record appears to result from a

northwards),

- anomalous temperature forcing (thermal effect: colder conditions are
prone to ice growth),

* anomalous oceanic conditions (pre-conditioning),

- anomalous hydrological forcing (stratification effect: larger
snow/precipitation/ice-shelve meltwater make the oceanic column

more stratified), . —
. internal v;:'iallility. The Southern Annular Mode (SAM) is thought to have a significant

influence on shorter-term variability, but 2014 SAM conditions in
September we close to neutral.

combination of long-term linear positive trend and high-frequency
interannual variability (first figure). Reasons behind the positive, long-term
trend are still obscure. For instance, ozone depletion was found to have a

negative (not positive) impact on winter sea ice extent In many recent
studies.

2) Driving forces behind the record

. . . . . . In addition, we conducted a last sensitivity experiment to emulate the
We run a series of sensitivity analyses with the oceanic general circulation

model (OGCM) NEMO3.3 (Madec, 2008) forced by the ERA-Interim | Shect Of increased meftwater from ice shelves. We decreased the March
. . initial ocean salinity by 0.1 PSU in a lens around Antarctica extending up
atmospheric reanalysis.

to Cap Horn and 100m in depth. (This is an unrealistic perturbation! It is 4
orders of magnitude larger than the observed equivalent discharge). We
see only a moderate effect of + 0.2 million km?’. We conclude that
anomalous ice shelf melting cannot have caused the record.

Control simulation: 10 retrospective seasonal predictions comprising
each 5 ensemble members (« hindcasts ») are conducted over 2004-2014.
Each simulation is initialized in March 1st and runs for 7 months (see

Massonnet et al., 2015 for details). It is therefore difficult to formulate a robust attribution statement linking

: e . nth nic clim h he 2014 | .
Sensitivity experiments: to detect the individual roles of atmospheric | & CPOIEMe ate change and the 2014 sea ice recora

forcing terms and initial conditions on the modeled September sea ice References
extent, we conduct several sensitivity experiments in 2014: - .
+  Winds of 2014 are replaced by those of 2007, 2008, 2011, 2012 and | - The study: Massonnet et al, contribution to the 2015 BAMS special

2013 (those years with low sea ice extent over the 2004-2014 period), iIssue on « Explaining Extreme events of 2014 from a climate
- Temperature of 2014 is replaced by those of 2007,8,11,12, perspective », doi:10.1175/BAMS-D-15-00093.1
- March oceanic and sea ice initial conditions of 2014 is replaced by | - Madec, G., 2008: NEMO ocean engine. Note du Pole de modelisation de
those of 2007,8,11,12, I'Institut Pierre-Simon Laplace 27, 357 pp. [Available online at ww.nemo-

»  Snow and precipitation of 2014 is replaced by those of 2007,8,11,12. ocean.eu/about-NEMO/Reference-manuals]
European Geosciences Union General Assembly: 17-22 April 2016



