10

15

20

The Cryosphere Discuss., doi:10.5194/tc-2017-28, 2017

Manuscript under review for journal The Cryosphere The Cryosphere
Discussion started: 15 March 2017 Discussions
(© Author(s) 2017. CC-BY 3.0 License.

Winter seaice export from the Laptev Sea preconditionsthelocal
summer sea ice cover

Polona Itkirt and Thomas Krumpen

'Norwegian Polar Institute, Tromsg, Norway
2Alfred Wegener Institute, Helmholtz Center for Polar andriie Research, Bremerhaven, Germany

Correspondence to: Thomas.Krumpen@awi.de

Abstract. Recent studies based on satellite observations have sltawthere is a high statistical connection between the
late winter (Feb-May) sea ice export out the Laptev Sea, laadice coverage in the following summer. By means of airborne
sea ice thickness surveys made over pack ice areas in theesstern Laptev Sea, we show that years of offshore directed
sea ice transport have a thinning effect on the late win@iic®Ecover, and vice versa. Once temperature rise abovarigee
these thin ice zones melt more rapidly and hence, preconditical anomalies in summer sea ice cover. The preconition
effect of the winter ice dynamics for the summer sea ice éxseconfirmed with a model sensitivity study where we replace
the inter-annual summer atmospheric forcing by a climagpltn the model, years with high late winter sea ice expavbsb
resultin areduced sea ice cover, and vice versa. We conttiatithe observed tendency towards an increased ice expibref
accelerates ice retreat in summer. The mechanism predarites study highlights the importance of winter ice dyneasnior
summer sea ice anomalies in addition to atmospheric presesding on the ice cover between May and September. Einally
we show that ice dynamics in winter not only preconditiorelcsummer ice extent, but also accelerate fast ice decay.

1 Introduction

The Laptev Sea became almost completely ice free during sutime in the past years. Similar conditions in the otheeB#n

Seas (Kara, East Siberian and Chukchi Sea) facilitate saifsports conducted without support of icebreakers thrdhg
Northeast Passage from Europe to the Asian Far East. Althth@gsummer sea ice melt was the main process leading to the
latest sea ice minimums in summer 2007 and 2012 when larfgcssrof the Siberian Seas were ice free, in both cases the sea
ice cover susceptibility to the melt has been preconditidnethe general thinning of the sea ice cover (Perovich g2@08;
Parkinson and Comiso, 2013). The winter preconditioninthefsummer sea ice cover has been lately used by Kimura et al.
(2013) to develop a summer sea ice outlook based on the veateice motion. Locally in the Laptev Sea, the major source
area of the Transpolar Drift, the recent study of Krumpen.g813) showed a high statistical connection of the lateteri
(Feb-May) sea ice export through the northern and eastarndaoy to the summer sea ice concentration. Years of high ice
export in late winter have a thinning effect on the ice cowdrich in turn preconditions the occurrence of negative sea i

extent anomalies in summer, and vice versa.
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Figurel. The Laptev Sea and the northern and eastern boundaries (white lingb)amsatellite and model derived sea ice export estimates
are based. Color coding corresponds to the sea ice thickness as @litaimeSoil Moisture Ocean Salinity (SMOS) satellite on April
20, 2012 (source: University Hamburg, Tian-Kunze et al. (201®)g black and grey line show the flight path of EM-Bird ice thickness
measurements made during the April 2008 (TD XIII) and April 201R (XX) campaign, respectively.

In this study, we further investigate the preconditionitfig&t of winter ice dynamics on the local summer sea ice cover
To separate the winter from the summer processes that icBude summer sea ice cover in the Laptev Sea, we perform a
sensitivity study by means of a numerical model. This allos$o quantify the importance of the local winter precorditing
for the summer sea ice cover. The model is also used to tese iblhbserved increase sea ice area export is reflected in an
increase in sea ice volume export out of the Laptev Sea. Ttisddrextend the importance of the regional sea ice transport
the larger region of the Transpolar Drift system.

The outline of this paper is as follows. In Section 2 we ddstine observational and satellite data sources, and theriaah
model. In Section 3, we review the preconditioning effedatdé winter ice dynamics on the sea ice cover by means ofraiebo
sea ice thickness surveys made at the end of the winter 2@D3042. In section 4, we extend the late winter sea ice exfport o
Krumpen et al. (2013) till 2014 and compare satellite-bastuinates with results obtained from the numerical modeélFy,
we investigate the importance of the winter preconditigrfior the summer sea ice cover in a sensitivity study (sed&)oin
sections 6 and 7 we discuss and sum up our findings.
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2 Data

Satellite- and model-based sea ice area export out of theevdyetween February and May is calculated using ice drift
velocities and ice concentration information obtainechatriorthern (NB) and eastern boundary (EB) of the study dfiea (
1). The NB spans a length of 700 km and is positioned aN8between Komsomolets Island and 1BO0The EB with a length

of 460 km, connects the eastern end of the NB with Kotelnygndl(76.6N, 140°E). Following Krumpen et al. (2013), the
sea ice flux is the sum of the NB and EB flux, which is the integfahe product between theand« component of the ice
drift and ice concentration. The volume flux is calculated similar way, but replacing the sea ice concentration vhighsea
ice thickness. Note that in this study, a positive (negafivex refers to an export out of (import into) the Laptev Sea.

2.1 Satellite-based ice area export

The applied ice drift and concentration data is providedhgyEuropean Space Agency (ESA) via the Center for Satelite E
ploitation and Research (CERSAT) at the Institut Francai®dcherche pour d’Exploitation de la Mer (IFREMER), France
The motion fields are based on a combination of drift vectstemated from scatterometer (SeaWinds/QuikSCAT and AS-
CAT/MetOp) and radiometer (Special Sensor Microwave Imag8M/1) data. They are available with a grid size of 62.5 km,
using time lags of 3 days. The applied concentration protduptovided by the same organization and is based on 85 GHz
SSM/I brightness temperatures, using the ARTIST Sea Icd)@§orithm. The product is available on a 12.5 k2.5 km
grid (Ezraty et al., 2007). A comparison with ice drift infieation obtained from Environmental Satellite (ENVISAT)rSy
thetic Aperture Radar (SAR) images and long-term moorimgsgped with Acoustic Doppler Current profilers (ADCP) have
shown that accuracy of the of IFREMER motion data is high dreduncertainty in ice area export is aroundx80? km?

for the NB and 5% 10° km? for the EB over the entire winter (Oct-May) (Rozman et al.1 P2OKrumpen et al., 2013). For
more details about the applied ice drift and concentratiodpcts we refer to Ezraty et al. (2007); Girard-Ardhuin &zdaty
(2012); Krumpen et al. (2016).

2.2 Airborneicethickness data

Within the framework of the Russian-German research catioer’Laptev Sea System’ two helicopter-based electromatig
(HEM) ice thickness surveys were made in the southeastgtel&ea at the end of April 2008 (campaign TD XllI) and 2012
(campaign TD XX, Fig. 1). The measurements made over packanes north of the landfast ice edge were used to estimate
sea ice production in flaw polynyas (Rabenstein et al., 2Bt@mpen et al., 2011b) and for validation of ESA's SMOS (Soil
Moisture Ocean Salinity) satellite derived ice thicknessdpicts (Huntemann et al., 2014; Tian-Kunze et al., 2014}. &
detailed description of the HEM principle we refer to (Hatalg 2009; Krumpen et al., 2016). In short, the instrumbat ts
towed by a helicopter 15 meters above the ice surface wditize contrast of electrical conductivity between sea watersea

ice to determine its distance to the ice-water interfaceadditional laser altimeter yields the distance to the upost snow
surface. The difference between the laser and HEM deriadrttie is the ice plus snow thickness. According to Pfafinal.
(2007), the accuracy over level sea ice is in the orde @D cm.
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2.3 Mode

The numerical model used in this study is a regional coupéadice - ocean model based on the Massachusetts Institute of
Technology General Circulation Model code - MITgem (Maisbgaal., 1997; MITgcm-Group, 2014) with a model domain
covering the Arctic Ocean, Nordic Seas and northern Nortant. The horizontal resolution is 1/4~28 km) on a rotated

grid with the grid equator passing through the geograpicath Pole. The sea ice model is a dynamic-thermodynamidcgea
model with a viscous-plastic rheology (Losch et al., 201 has a landfast ice parametrization as described by Itkih e
(2015), where more details about the model set-up can balfolire model is forced by the atmospheric reanalysis — The
Climate Forecast System Reanalysis (Saha, 2010, NCEP-)ORSR 1979 to 2010 and then from 2011 to 2014 with the
NCEP Climate Forecast System Version 2 (Saha, 2014, CF3%2)selection of the NCEP-CFSR atmospheric forcing is

based on the low biases compared to other atmospheric ysan@lindsay et al., 2014).

3 Preconditioning of summer ice extent by winter ice dynamics

The preconditioning effect of late winter ice export on liica cover in the following summer was investigated by Kremet al.
(2013). A comparison of satellite-based late winter ice fkith summer ice anomalies revealed a negative coupling aith
correlation coefficient of = - 0.65. The negative correlation of late winter sea ice exjpom the Laptev Sea and subsequent
summer sea ice concentration can be explained by the repdstef the exported ice by new ice formed in polynyas sitliate
along the landfast ice edge. Note that there is a closeaakdtip ¢ = 0.85) between across-boundary ice export and estimated
polynya area (Krumpen et al., 2013, compare Fig. 12), becafishore wind favors both, ice transport away from the toas
and the development of thin ice in flaw polynyas. If new iceemare formed comparatively late and ice motion is dominated
by an offshore directed drift component, new ice areas stiner thin and may melt more rapidly once temperatures bigesa
freezing. In contrast, new ice zones formed during wintdtls enhanced onshore advection of sea ice, are subjectrorayst
dynamic thickening which in turn delays onset of sea icesgdtr

Sea ice thickness observations in the Laptev Sea that couliim this preconditioning mechanism are scarce, but the
existing HEM ice thickness measurements (Fig. 2) were takeimg two contrasting years of late winter sea ice export. |
our simulation (compare Fig. 4) as well as in the satelldsdul data, the sea ice export in winter 2008 was lower thangee
while 2012 was characterized by an above average expayhtblihat were made in 2008 (April 14,16 and 24) cover prilyari
ice thicker than 1.5 m. Following Rabenstein et al. (2018 ite was originally formed in polynyas in the southeaspem of
the Laptev Sea, but got heavily compacted during a longeogef onshore-directed ice drift in late winter. Due to pmese
of a compact ice cover in near shore areas, ice retreat t@ule pklatively late in the season and large parts of the kapte
Sea remained ice covered during summer (Fig. 3, left palefontrast, HEM measurements that were made on April 20,
2012 cover a substantially different ice regime: The wime2011/2012 was characterized by the second highest narthw
advection rates observed since 1992 (compare Fig. 4). Asseqoence, the continuous ice export away from the lanidfast
edge led to the development of an almost 200 km wide thin ioe zd less than 40 cm ice thickness. Ice thickness estimates
obtained from the SMOS satellite (Fig. 1) confirm the presasfdarge thin ice zones all along the landfast ice edgeaitds
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Figure 2. Ice thickness distributions obtained from HEM measurements madeooéfsie landfast ice edge during the TD XIIl campaign
(blue: April 14, 16 and 24 , 2008) and TD XX (yellow: April 20, 2012ropaign. The positions of the measurements are indicated in Fig. 1
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Figure 3. Timing (day of the year) of sea ice retreat in the Laptev Sea in spring 2002012. The onset of ice retreat is defined as the first

day in a series of at least 7 days with a sea ice concentration of zeautdral., 2016).

to reason that the presence of thin ice preconditioned sadyice retreat (Fig. 3, right panel) and contributed to thaa
summer ice extent in the Laptev Sea. Note that the date otsemireat for 2008 and 2012 was estimated using IFREMER
ice concentration data at each grid point and defined as gteléiy in a series of at least 7 days with a sea-ice concenrtirati

zero. For more details we refer to Janout et al. (2016).
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Figured4. Time series of the late winter sea ice transport and summer sea ice tatioena) satellite-based estimates; b) model simulations.
Trend lines of ice fluxes are represented by dashed lines. Note thataheesconcentration axis is inverted to enhance the readability. The
correlations between the model and satellite data is provided in the text.

4 Model and satellite data inter-comparison

Before investigating the impact of winter ice dynamics omgmer ice conditions with the model, its performance was énath

via a comparison of simulated versus satellite-based iper&and extent. Fig. 4 presents observed (panel a) and atiecul
(panel b) winter sea ice export (Feb — May) and summer icanefdelg — Sep). Both, model and satellite-based estimat@s sh
large interannual variability in export and summer ice cage. Following Krumpen et al. (2013), the variability isrparily
controlled by changes in geostrophic wind velocities. Thsitive trend in observed ice export of 7:180° km?/year { =
0.0049), is however associated to an increasing drift spleedto a thinning ice cover. The trend in simulated expogsat

is higher (12.0210° km?/year) but statistically not significanp & 0.0888). The overall agreement between simulations and
observations is high, with a correlation coefficient of Of@Bthe late winter sea ice export as well as for the summer sea
ice concentration. Unfortunately, sea ice volume flux eatén covering the entire investigation period are not alséelfrom
observations due to the lack of the sea ice thickness maasuate from space. However, the model simulation shows that
the volume export is highly correlated to the area flux=(0.98), and has a positive trend of 19.8 4gear (not significant,

p =0.1729). Despite the good agreement, the simulated seagesexport and summertime ice concentration are more than

double of the satellite-based estimates. The averagedatgdusea ice concentration during summer and ice expomglur
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Figure5. Sea ice concentration and volume seasonal cycle (1992-2014) aseohity the model. Years with above average volume sea ice

export are depicted in red, below average in blue. Years with expods tdahe mean (+- 25%) are depicted in gray.

winter amount to 47 % 16 %) and 388<10° km? (+ 231x10* km?), while averaged satellite-based estimates arg 7%
18%) and 142 10° km? (£ 90x 10° km?).

5 Senditivity study

The negative correlation of late winter sea ice export ouhefLaptev Sea and the following summer sea ice concenirgtio
confirmed by our simulation. The correlation coefficientirestn winter export and summer ice cover of the remote sensing
products is -0.65, while the correlation of simulated Vialea is even higher(=-0.77). This indicates that the winter processes
preconditioning summer sea ice cover are well captured bynmalel. Fig. 5 shows the seasonal cycle of sea ice conciemtrat
and volume between 1992 and 2014 in the Laptev Sea as obtajrteé model. Years of above average ice export are shown
in red, while years of below average export are indicatedue.bt is apparent that years of high ice export result indow
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Figure 6. Sea ice concentration and volume seasonal cycle (1992-2014) aseobiyy the model forced with a climatology between May
and December. Years with above average volume sea ice expor@icted in red, below average in blue. Years with exports close to the

mean (+- 25%) are depicted in gray.

summer ice extent and vice versa. The export also impactiss®alume of the Laptev Sea. Strong offshore advection af se
ice leads to a reduced sea ice volume and the other way around.

To differentiate between the effect of winter and summecesses preconditioning the ice cover in August and Septembe
we designed a sensitivity study where the model is forcet thi¢ inter-annual atmospheric reanalysis in winter (Japp.A
From May till December a climatology (CLIM) is used instedd.every beginning of the year the simulation is continued
from a state taken from the control run (CTRL). Figure 6 shtvgssea ice concentration and seasonal sea ice volume cycle
from 1992 - 2013 as obtained by the model forced with a clifogipbetween May and December. Results indicate that there
is a clear tendency to the separation of the annual cycldseo$éa ice concentration and volume in CTRL, which becomes
more pronounced in CLIM. In contrast to CTRL, in CLIM all yesawith high late winter sea ice exports result in low summer
sea ice concentration and vice versa. Note that the impaetpdrt strength on sea ice concentration is apparent gliead

April and May, when years with high sea ice export have tylhidawer sea ice concentration as compared to years with low
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sea ice export. This points to the importance of the lateawipblynyas for the summer sea ice cover. Likewise the annual
cycle of sea ice volume is strongly connected to the expoghgth. A year that starts with a high sea ice volume, but has a
strong polynya activity in the late winter will have a low dea volume in summer. Also the opposite is true. This meaas th

the sea ice memory on the Laptev Sea shelf is only presergaddne late winter to the next and not beyond.

6 Discussion

The negative correlation of observed and simulated latéewisea ice export from the Laptev Sea and subsequent summer
sea ice concentration can be explained by the replaceméhé @xported ice by new ice formed in polynyas situated along
the landfast ice edge. This 'late polynya ice’ has less themoAth time to grow, as in May the atmospheric temperatures ca
already be above the freezing temperature of sea water (pegorat al., 2011a), and can be as thin as 10 cm and rarely thicke
than 1 m (Rabenstein et al., 2012). The thickness of the ta{gya ice and the area that is covered by it is determinediby t
ratio of onshore and offshore winds. Onshore winds comptesie against the landfast ice edge, close polynyas antt res
in a low sea ice export from the Laptev Sea, while offshoredsiopen polynyas and drive the ice out of the Laptev Sea. In
early spring, areas covered by thin ice formed during latgry@a events are less resilient to melting processes andhui

be characterized by an earlier onset of ice retreat thanmegiovered by the thick ice that has been growing the entirew

The comparison of the HEM ice thickness measurements aatamApril 2008 and April 2012 over Laptev Sea pack ice
visualizes the thinning effect of enhanced offshore iceeation on the sea ice cover.

The presence of extensive thin ice areas in years with a highwinter sea ice export precondition low sea ice extent and
volume in the following summer. This connection is confirnbgdhe model sensitivity study where we replace the intemdah
summer atmospheric forcing by a climatology. Although thaded is not perfectly tuned to observations (simulated ebquad
summer ice coverage are double of satellite-based essintte use of the model for a sensitivity study is sufficigriforous,
since we expect to provide a zero-order estimate of the pateontribution of winter ice export on summer sea ice colre
addition, the mismatch between simulated and observedsfimresy be further attributed to an overestimation of wind dpee
the reanalysis data. Too high wind speed in some of the atmeoisforcing data for the Laptev Sea region have been mbinte
out already by Ernsdorf et al. (2011) and Fofonova et al. 420The high sea ice fluxes and low sea ice concentrationsrin ou
simulation in the 1990s may be a consequence of anotherrbibe atmospheric forcing that is specific for the NCEP-CFSR.
PIOMAS simulations with various atmospheric forcing shiwattthe simulation with NCEP-CFSR results with a winter sea
ice volume in 1990s comparable to the state in the recensykardsay et al., 2014).

In the model, years with high late winter sea ice export tésw reduced sea ice cover. In CLIM the effect is even more pro
nounced. However, note that summer ice concentration andoin CLIM are by about 13 % and 32 % larger than in CTRL.
In addition, the spread between the years is unrealistit@ll. The standard deviation in CLIM for summer ice concatitm
and volume is onlyt 7 % and+ 0.19x10* km3 compared to the: 16 % and+ 0.28<10° km? in CTRL. This points to the
importance of atmospheric processes acting on the ice dwerg summer months. Following Bareiss and Goergen (2005)
in addition to the preconditioning effect of winter ice dymas, local anomalies in summer sea ice extent are thoudbe to
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the consequence of synoptic-scale processes (e.g. cglsnperimposed on the large-scale atmospheric circoldtioing
summer. The connection between shifts in the atmosphedalation and the role of cyclonicity for anomalies in sunirsea

ice concentration were discussed by Serreze et al. (1988 (1995); Maslanik et al. (1996) and Maslanik et al0@®0

In particular cyclones entering the Laptev Sea from thelseest enhance the northward ice transport and are assbuidte

an inflow of anomalous warm air masses of above average apetetures. If ice retreat happens early enough to allow at-
mospheric warming of this open water (e.g. during years gifi leixport), winds that force ice floes back into this waterseau
melting. The interaction between surface winds and warnmsseface temperatures in areas from which the ice has already
retreated were recently investigated by Steele and Ern201t).

Our model simulation also provides insight into long-ternages of sea ice volume export that is currently not availab
from observations or satellite data. The simulated trerskafice volume export for the period from 1992 till 2014 isithees,
but not significant. This indicates that the observed acattm of the sea ice drift and associated increase in angareaut
of the Laptev sea may not be compensated by the thinningteffeenhanced offshore advection. Hence, we expect that an
increased volume export from the Laptev Sea into the Trdaspwift has far reaching consequences for the entire Aszia
ice mass balance. How winter ice dynamics on the Siberidnesheteracts with Arctic wide changes is part of an upcamin
study. Moreover, it is notable that the simulated sea ica export from the Laptev Sea has a higher correlation to timerser
sea ice concentration than the volume export. This provid@tence that the northward advection of sea ice has a &rong
preconditioning effect than the thickness of the ice cotasli. Ergo changes in the sea ice drift speed, as obsenjadge
parts of the Arctic (Spreen et al., 2011), play a bigger roldfie ice extent in summer than changes in the thickneseat¢h
cover.

New ice zones formed at the end of the winter during offshareetion events rapidly melt once temperature rise above
freezing. It stands to reason that the ice albedo feedbaobnipaccelerate retreat of surrounding sea ice, but atsdsléo an
earlier onset of fast ice decay. The Laptev Sea is charaetehy an extensive fast ice extent. The interannual andsahs
variability and trends of the southeastern Laptev Seadasgin area with the widest fast ice extent in the Arctic, wecently
investigated by Selyuzhenok et al. (2015). The authors apethtional sea ice charts provided by AARI to determinebok
fast ice growth, extent, beginning of breakup, and end dfiéasseason between 1999 and 2013. Following Selyuzheralk et
(2015), the onset of fast ice breakup is closely linked wigné& River breakup. In contrast, the end of the fast ice seéisom
when fast ice drops below a certain extent) is strongly ¢ated with onset of surface melt derived from passive mienav
data. Both show a negative trend of -2.6 and -8.7 days/deesgectively. How dynamics of pack ice in winter influencst fa
ice decay has not been studied. Here we compare the sea @t wikh the timing of fast ice breakup and end of fast ice eaas
(Fig. 7) obtained from satellite data. We limit the compamiso the southeastern Laptev Sea, were mechanisms of gamdth
decay were studied in detail by Selyuzhenok et al. (2015)aaedrate information about timing of breakup is availablee
correlation coefficient between onset of fast ice breakupiem area export is smalt = -0.35). This indicates that onset of
fast ice breakup is independent of winter ice dynamics anduggested by Selyuzhenok et al. (2015) and Bareiss ebab)1
rather attributed to the timing of river breakup. Howevie torrelation between end of fast ice season and ice exdugh ¢
=-0.63). Hence, in addition to the onset of surface meltryeastrong offshore advection precondition earlier entheffast

10



10

15

20

The Cryosphere Discuss., doi:10.5194/tc-2017-28, 2017

Manuscript under review for journal The Cryosphere The Cryosphere
Discussion started: 15 March 2017 Discussions
(© Author(s) 2017. CC-BY 3.0 License.

1 3.0
. 220 2.5 ¢

© 3 Y Y [ J Y o
22009 e —A\ e NC205E
2o /o N P 1558
%5 180 v/\/\g/ \ ® t.05%
§160—:/"" \/ ~/ 0.5

2000 2002 2004 2006 2008 2010 2012

Figure 7. Comparison of fast ice decay and ice export between 1999 - 2013ngiofi fast ice breakup and end of fast ice season in the
southeastern Laptev is given by grey and black dots respectivelywaatarovided by Selyuzhenok et al. (2015). Trend lines are plotted on
top. The blue line shows ice area expdrt(*) out of the Laptev Sea taken from satellite data (see section 2).

ice season and shortening of the duration of the breakupgeand vice versa. We argue that during years of high iceréxpo
and early melt of thin ice zones, shallow waters heat up dyefkd more heat is available to favor bottom melt of fast icd a
accelerate its retreat. The tendency towards earlierdasteitreat may therefore not only be related to rising teatpegs in

spring and earlier onset of surface melt, but also to theleat@®n of pack ice drift and increased offshore advection

7 Conclusion

Our findings highlight the importance of the late winter ssmprocesses for the summer sea ice conditions in the Laptev S
and likewise in the adjacent Siberian Seas. The high coioalaf late winter export and the summer sea ice conceatrati
together with the HEM measurements taken in 2008 and 201&ihdptev Sea point to the importance of the winter offshore
winds that open polynyas at fast ice edge and drive the seaoitbwards in the central Arctic. The new sea ice grown in
polynyas is thin and subject to a quick summer melt, whicllde® low summer sea ice concentration and volume in the
Laptev Sea. To confirm the preconditioning of the summerseadver with the winter exports we perform a sensitivitydgtu
where we force our model with inter-annual atmosphericifyérom January till May and then switch to the climatolagic
forcing till the end of the year. Our results show a clearidgton between years with high and low sea ice export: Years
with high late winter sea ice export leads to the developnoéritirge open water zones that heat up quickly. Following
Steele and Ermold (2015), winds that force ice floes backtimtowater in the subsequent month cause melting and further
accelerates ice retreat. In addition, model simulatiodiate that the observed increase in sea ice area exportlimbaptev
Sea is accompanied by an increase in the volume export. Merewge could show that ice dynamics in winter not only
precondition local summer ice extent, but also acceleestei€e decay. The mechanism presented in this study highlige
importance of winter ice dynamics for summer sea ice an@aat addition to atmospheric processes acting on the icercov
between May and September.
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