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Abstract. Due to recent atmospheric and oceanic warmingAtitarctic Peninsula is one of the most challenging regions of
Antarctica to understand both lotand regiondlscale climate signals. Steep topography and a lack of ferrg and in

situ meteorological observations complicate the extrapolation of exisfimate models to the sutegional scale.
Therefore, new techniques must be developed to better understand processes operating in the region. Isotope signals ¢
traditionally related mainly to atmospheric conditions, but a detailed analysis of indig@aponents can give new insight

into oceanic and atmospheric processes. This paper aims to use new isotopic records collected from snow and firn cores
conjunction with existing meteorological and oceanic datasets to determine changes at the cliteatic the northern

extent of the Antarctic Peninsula. In particular, a discernible effect of sea ice cover on local temperatures and iba express
of climatic modes, especially the Southern Annular Mode (SAM), is demonstrated. In years with a lésgestmsion in

winter (negative SAM anomaly), an inversion layer in the lower troposphere develops at the coastal zone. Therefore, ar
isotopd temperature relationshili(T) valid for all periods cannot be obtained, and insteadglithedepends on the ssanal
variability of oceanic conditions. Comparatively, transitional seasons (autumn and spring) have a consistent isotope
temperature gr alAseshown by firn co® arGl9sis, thd Gearface temperature in the northenost

portion of theAntarctic Peninsula shows a decreasing tre@B8°C y!) between 2008 and 2014. In addition, the deuterium
excess @exces) IS demonstrated to be a reliable indicator of seasonal oceanic conditions, and therefore suitable to improve a
firn age model baxl on seasonalycessvariability. The annual accumulation rate in this region is highly variable, ranging
between 1060 kg ty* and 2470 kg m y* from 2008 to 2014. The combination of isotopic and meteorological data in
areas where data exist is kigyreconstruct climatic conditions with a high temporal resolution in Polar Regions where no
direct observations exist.



10

15

20

25

30

1 Introduction

West Antarctica, especially the Antarctic Peninsula (AP), has received increasing attention from the scientific gommunit
due to the notable effects of recent warming on the atmosphere, cryosphere, biosphere and ocean. The increase of ¢
temperatures along the West Antarctic Peninsula ¢@astasco, 2013displays signs of a shifting climate system since the

early 20th centuryThomas et al., 2009 Recently, rapid warming of both atmdspe and ocean has caused ice shelf
instability in West Antarctica, especially in some regions of the(Rfitchard et al., 20)2 Instability leading to ice shelf
collapse has triggered accelerated inass ow and discharge fromlanhd ased gl aciers into the ¢
buttressing function is lost. Accelerated rates of ice masgRoishard and Vaughan, 200Rignot et al., 2005Pritchard et

al., 2013, in combination with increased surface snow melt, hatiboited to a negative surface mass balance especially in

the northern part of the AP regighlarig and Simons, 201%eehaus et al., 201lButrieux et al., 2014Shepherd et al.,

2012.

The glaciers of the AP have lost ice mass at a rasppfoximately 27 (+2) Gtybetween 2002 and 2014. This mass loss
combined with the mass loss over the West Antarctic ice sheet (121(+8),Gtigpassed the mean positive mass balance of

+62 (+4) Gt ¥ observed in East Antarctica, of which most of plositive balance relates to the Dronning Maud Laud region
whereas the mass balance of the rest of the EAIS is at equilijHang and Simons, 20)5This demonstrates how
vulnerable the coastal region of West Antarctica is to increased air and smze darhperature@romwich et al., 2013

Meredith aad King, 2009.

Surface snow and ice melt on the AP represents up to 20% of the total surface melt area (extent) and 66% of the melt volum
of whole Antarctica for at least the last threszadegTrusel et al., 201,2Kuipers Munneke et al., 201.2Regional positive
temperatures detected bgmoté sensing techniques and io®re data reveal that melt events have been temporally more
widei spread since the mi@0" century(Abram et al., 2013Trusel et al., 2015 with some severe melt events during the

first decade of the 2fcentury(Trusel et al., 201R Increased surface melt and glacier calving are likely to have fredhene
upper ocean layers and therefore impacted biological activity in the coasta(Meredith et al., 201;6Dierssen et al.,

2002. The most significant warming trend detected at the coast of the AP occurred during the winter season, especially or
the west side of the Peninsula, where a positigadt of >0.5°C decadefor the period 1962000 has been reported at
several station§Turner et al., 2005Carrasco, 2013 For example, winter warming is especially evident in daily minimum

and monthly mean temperature increasas described bialk and Sala (2015jor the meteorological record of the
Bellingshausen Station at King George Island (KGI) at the northern AP during the last 40 years. In KGI the daily mean
temperature during winter increased at about 0.4°C décadth a marked warming during August (austranter) at a rate

of +1.37(x0.3)°C decade Positive temperatures even in winter are more commonly observed, leading to more frequent and
extensive surface melting yéaound especially for the northern AP, which is dominated by maritime climate cosdition
(Falk and Sala, 20315
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The mechanisms causing increasing atmosphere and ocean temperatstés reove completely understood but can be
linked to perturbations of regular (piadustrial period) atmospheric circulation patte¢(Rsitchard et al., 201 Dutrieux et

al., 2014. Most heat advection to the southern oceath atmosphere has been related to the poleward movement of the
Southern Annular Mode (SAM) and to some extent to the El Nifio Southern Oscillation (EG8&)2008 Dutrieux et al.,

2014 Fyfe et al., 200 During the last decades, SAM has been shifting énpositive phase, implying lower than normal
(atmospheric) pressures at coastal Antarctic regions (latitude 65°S) and higher (atmospheric) pressures owver the mid
latitudes (latitude 40°Marshall, 2003 As a result of lower pressures around Antarctica, the circumpolar westerly winds
increase in intensitgMarshall et al., 2006 As a consequence, air masses transported by intensified westerlies overcome the
topography of the AP more frequently, especially in summer, bringing warmer air to the east side ofiar LiBzig et

al., 2008 Orr et al., 2008 The correlation between the SAM and surface air temperature is generally positive for the AP,
explaining a large part (~50%) of neéaurface temperature increase for the last half celfdliayshall et al., 2006Viarshall,

2007, Carrasco, 20L3rhompson and Solomon, 2002n enhanced circulation enables more humidity to be transported to
and trapped at the west coast of the AP due to the orographic barrier of the central mountain chain. This has resulted in th
consistent increase of accumulation across the entire AP during thee@tury, thereby doubling the accumulation rate

from the B™ century in the southern AP regi¢fihomas et al., 200&oodwin et al., 201:3alla Rosa2013.

The increase of greenhausgas concentrations and the stratospheric depletion of the ozone layer, both linked to
anthropogenic activity, are thought to be the main forcing factors of the climate shift that has affected the ocean
atmospheriecryosphere system for at least the laaf bentury(Fyfe and Saenko, 200Sigmond et al., 201 Fyfe et al.,

2007.

The lack of longterm meteorological records limits accurate determination of the onset and regional extent of this climate
shift. Therefore, climate models are needed to extend the scarce climate data both spatiellypanally. One major
challenge is to correctly integrate the steep and rough topography of the AP into climate models. To facilitate this, more
detailed information of surface temperatures, melting events, accumulation rates, humidity sources amdpatimspgys

are urgently needed. As direct measurements of these parameters are often not available, the reconstruction of th
environmental variability, basically relies on proxy data such as the stable water isotope composition of precipitation, firn
andice (e.g.:Thomas and Bracegirdle, 200Bhomas et al., 20Q%bram et al., 2013

In this study, we focus on a stable water isotdyased, high temporal resolutiassessment (seasonal resolution between
austral autumn 2008 and austral summer 2015) of climate variables including accumulation rates, temperatures and me
events on the AP and their relationship with atmospheric and oceanic conditions i.e. seaemgacatire, humidity and

sea ice extent. We investigate the effects of the orographic barrier of the AP on air mass and moisture transport, with
increasing precipitation rates from the coast to the mountain range on the Peninsula divide at ca. 11{Bemarsloy et

al., 2012, where the ic¢hickness reaches ca. 350 m at maxinf@@rdenas et al., 2014
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2 Glaciological setting and previous work

Since 2008 we have undertaken several field campaigns to the northernmost region of the AP where we have retrieved
number of firn cores of up to02m depth. The present investigation is the first of its kind for this sector of the AP. Other
studies have been carried out further south at Detroit PléBedla Rosa, 201)3and Bruce PlateaiGoodwin et al., 2015 at

around 100 and 400 km Souilest of the northern AP. Nonetheless, not much is known aboulattielggical conditions

at the northern tip of the AP and very few ice cores have been retrieved from this area despite the high number of scientific
stations in the regio(Aristarain etal., 2004 Simdes et al., 2004500dwin et al., 201,5ernandoy et al., 201Dalla Rosa,

2013. The AP and SutAntarctic islands are principally characterized by mountain glaciers or small ice caps, which flow
into the Bellingshausen and Weddell Sea to the West and East, respd@dtivelgr et al., 2009 Riickamp et al. (2010)

noted that the ice cap covering King George Islé®aluth Shetlands (62.6°S, 60.9°W) is characterized by polythermal
conditions and temperate ice at the surfac®.6%C), and is therefore sensitive to small changes in climatic conditions.
Further SouthZagorodnov et al. (20123howed that temperatures from boreholes reach a minimum at 173 m depth (
15.8°C) at Bruce Plateau (66.1°S, 64.1°W, 1975.5 m a.s.l.). Similar glaciological conditions were reported on the gast side o
the AP at James Rossldnd (64.2°S, 57.8°W, 1640 m a.s(Ryistarain et al., 2004 Accumulation rates at the northern AP

are directly related to the westerly atmospheric circulation and margaonditions, with values close to 2000 kg ' on

the west sid¢Goodwin etal., 2015 Potocki et al., 2016and lower values (~400 kgfy?') on the Eastern sid@vristarain

et al., 200%; ice thickness from all coririgites reported is <500 m to the bedrock.

3 Methodology

3.1 Field work and sample processing

During five austral summer campaigns (208810, 2014, 2015), an altitudinal profile was completed from sea level near
O’Higgins Station (OH) to 1130 m a.s.| at the Laclavere Plateau (LCL) (Fig. 1). In total, five firn cores are included in thi
paper: OH4, OH5, OH6, OH9, OH10 (Fig. 1); coordinates and further details of the firn cores are given in Table 1. Two
hundred and ten daily precipitation samples were gathered at the meteorological observation site of the O Higgins Statior
(57.90°W, 63.32°S, 1& a.s.l.) during 2008009 (Fernandoy et al 2012 and 2014 (Table 2). The overwintering crew at
O6Hi ggins Station collected daily precipitation sampl es
Each daily sample comprised of a filling a narrow neck HDPE type bottean80 ml composite sample of the precipitation

(both liquid and solid) that fell in the previous 24 hours. The bottles were tightly closed and stored frozkemgear

ensure correct storage and to facilitate the subsequent transport to the lalzdthi®gnd of each year. From these samples,
approximately 6% (13 samples) were discarded from the analysis due to improper storage causing leakage from the bottle:
Improper storage was assessed using a statistical outlier test (modified Thompsonnigudgethich indicated unusual

values of stable water isotope analyses.
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Cores from t he OO0 H4, OHS, OHE ar®itOBS) weverretrisvied betweerO2808 and 2010 and analyzed

for their stable water isotope composition and physical propesietescribed bifernandoy eal. (2012)and Meyer et al.

(2000) Additionally, a density profile of O was obtained using ari Koy microfocus computéomograph at the i¢eore
processing facilities of the Alfred Wegener Institute, Helmholtz Centre for Polar and Marine Research in Bremerhaven,
Germany(Linow et al., 2012 Xiray tomography provides a very higksolution (1 mm) density profile of the physical
properties of the ice. The GFD core was reieved in 2015 using an electric drilling device with a 5.7 cm inner diameter
(Icedrill.ch AG). The retrieved core was first stored under controlled temperature condidt@)(at the Chilean scientific

station Prof. Julio Escudero (King George Islaad}l later transported and stored-2@2°C in a commercial cold store in

Vifia del Mar, Chile. The core sections were measured and weighted for teraditg construction and then sidgampled

to a 5 cm resolution for stable water isotope analysis. A visgahnd description of each core was carried out to identify
possible melt layers and their thicknesses. Subsequently, the samples were melted overnight at 4°C in a refrigerator at tt
Stable Isotope Laboratory of the Universidad Nacional Andrés BelloARJN Vifia del Mar, Chile. To avoid any
evaporation, the 5 cm samples were placed in sealed bags-pakirand agitated to homogenize the samples before
isotopic analysis. Firn and precipitation samples collected from OH in 2014 (Table 1) were anailygeal licgiid water

stable isotope analyzer from Los Gatos Research (TLWIA 45EP), located at the UNAB facilities. Measurement precision
was higher than 0.1 a4 for oxygen and 0.8 a for hydroge
stablewat er i sotope data from precipitation and yrn core s

Ocean Water Standar®@ dVOEMDW)fom d@xy@eniland hydrogen i solf

3.2 Database and time series analysis

Stablewater isotope data were compared to major meteorological parameters from the region (Fig. 2). For this purpose, the
following data sets were incorporated into our analysis: daily and monthlysoeface air temperature 4), precipitation

(Pp) and sedevel pressure (SLP) measurements recorded at the Bellingshausen Station (BE) (58.96°W, 62.19°S, 15.8 m
a.s.l.) and the O"Higgins Station (OH). These datasets were downloaded from the Global Summary of the Day (GSOD) from
the National Climatic Data Cent@CDC, available at: www.ncdc.noaa.gov) and the SCAR Reference Antarctic Data for
Environmental Research (READER, available at: https://legacy.bas.ac.uk/met/READEREr et al., 2004

The temperature record from OH contains several large data gaps, and so the available data from 1968 to 2015 wer
compared vth those measured at BE to evaluate the possibility of lapsing data from BE to the site due to the data continuity
available (uninterrupted record since 1968). The BE and OH data are highly correlated (R=0.97, p<0.01), and so a correctior
of -1.4°C was afdjed to the BE data based on linear regression analysis. Other nearby stations such as Esperanza (63.40°S
57.00°W), were not considered because of a slightly lower correlation (R= 0.96, p<0.01) and the possibility of a higher

continental influence on thtemperature record.
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Sea surface temperature (SST) time series were extracted from the Hadley Centre observation datasets (HadSST3, availal
at: http://www.metoffice.gov.uk/hadobs/hadsst3/). The HadSST3 provides SST monthly means on a global 5° by 5° grid
from 1850 to presern(iKennedy et al., 2011d). Mean monthly SSTs were extracted from a quadrant limited bg55S

and 6% 55°W. Missing data or outliers were interpolated from measurementsitakeighboring quadrants.

Relative humidity ih) time series were extracted from data obtained by the calculation of 3 day air parcel backward
trajectories under isobaric conditions using the fliemtgessible Hybrid singlparticle Lagrangian integratetrajectory
(HYSPLIT) model (http://ready.arl.noaa.gov/HYSPLIT.php). This thddmensional model was run using the global data
assimilation system (GDAS) archives from NOAA/NCERanamitsu, 198Pat a 1° latitudélongitude spatial resolution

with  a 1 hour temporal resolution and iavailable from 2006 to present (for more details visit:
http://ready.arl.noaa.gov/gdasl.php). For studying the characteristics of air parcels approachingthan&Pseries were
obtained from backward trajectories arriving under isobaric conditid@ts{Ba) at the OH station. SST ahdlatasets were
resampled to a regional scale defined by hitgmsity trajectory paths (Bellingshausen and Weddell Seas). The resampled
fields were defined by the spatial coverage of 1 day backward trajectories. Tiseofiittie resulting quadrant extends from

98° W to 34° W longitude and from 47° S to 76° S latitude. The covered area is representative of the study site because i
includes the region affected by westerly winds and sea ice front during winter timeadttotts that exert a high influence

on approaching air parcels. A field horizontal mean of resamipledlues between sea level and 150 m a.s.l. was computed

for this area to construct thi time series used throughout this study.

Altitudinal temperatureprofiles were obtained from radiosonde measurements carried out at BE between 1979 and 1996
(SCAR Reference Antarctic Data for Environmental Research). Lapse rates were calculated from the temperature difference
between sea level and the 850 hPa levelMSAdex time series were obtained from the British Antarctic Survey (BAS,
available at: http://legacy.bas.ac.uk/met/gjma/sam.h{ivigrshall, 2003. Mean monthly sea ice extent around the AP
(between 1979 and 2014) was obtained from the Sea Ice fridexhe National Sea & Ice Data Center (NSIDC, available

at http://nsidc.org). The measurements ofi BEaextension incorporated in this study considered as a starting point the

coastal location of OH, and the s& front in the direction towards KGsan end point.

3.3 Stable Isotope time series analysis

Firn and ice coragesare often dated by analyzing the seasonality of stable water isotope values. In the firn cores analyzed
in this study, there was a significant difference in the standard weviggddev > 1.0) of high resolution (5 cm) oxygen
isotopes values between firn cores from lower altitudes-4OHEO Bdev = 1.2) versus cores from higher altitudes-(OH

i'®0 Sdev = 2.6) (Table 1). However, within each individual core, the raw datas@ised from stable water isotope
analysis (Section 3.1) produced low oscillation variance in the isodep¢h profile. Whilst the measured isotope signals
were noi sy, the values do not fluctuat e f factthdt thepattermsa c h

described in the isotopdepth profiles do not correspond to seasonal cycles, means that dating each core using traditional
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annual layer counting is complicatddifficulties from using conventional dating methodology for thesedores led us to

search for other ways to define the time scale of our signals.

We first analysed théexcessdata, becausdecessis related to seasonal oceanic conditions, and therefore displays an annual
signal in this regior{(Fernandoy et al., 20)2Whilst the stable water isotope resudid not display a regular pattern, the
dexcessiS Characterized by a noisy, low frequency oscillation. We use thisfleguency periodic signal to date the core (see
below).

We calculated theoreticakycessvalues at our site using the relationship bemvh and SST computed byemura et al.

(2008) dexcess metss -0.42 *rh + 0.45 * SST + 37.9. The suitability of using thedationship for the ARegion was assessed

by comparing thaexcessmeasurements of the daily precipitation samples taken at the OH station with the corresponding
theoretical values. For each day that a precipitation sample was collected ati@HaiB parcel backward trajectories were
calculated using the HYSPLIT modéVe identified frequent air parcel paths and calculated monthly mean valdearaf

SST from réanalysis data (GDAS) along these paths. We found a very good agreement between the measured and ou
theoreticaldexcess Values, with a correlation of R=0.8§<0.01). This high correlation allows us to directly compare a
synthetic dexcess metedime series and the observatiorilcessrecord obtained from each firn core. For the method to be
successful, the resultant defige model should maximize the commamiability between the two time series.

The dexcessSignal obtained from stable isotope analysis of firn cores is measured with respect to depth (i.e.: in the space
domain). To extract the low frequency seasonal signal we first computed the Fast Faunséorm (FFT) of thelexcesdata,

which identifies all the frequencies in the record. The second lowest frequency was the one with the highest power. We
therefore reconstructed the lbfrequencydexcesssignal by calculating the Inverse Fast FouriernBfarm (IFFT) from the

lowest two identified frequency peaks.

We applied the same procedure to the monthly means of the syrdbelic meredime series, thus obtaining two lew
frequency signals that should show the same seasonal variability dueirtadpendency on the same variables (i.e.:
environmental condition of the moisture source region). We then chose a linedragepthodel that visually matched the
variability in the low frequency observationakycessdata with the variability in the loMrequency synthetidexcess meteslata.

A single linear stretching factor was calculated using that relationship and applied to the complete firn cores datasets. We

usedthe samedeffhge model t o Oudcords bnea timeiaxisrfor furthanaysisiusing monthly means.

4. Results
4.1 Precipitation samples

Table 2 and Fig. 4 show the stable isotope results, basic statistics and annual distribution of the precipitation sample:
collected at the OH 8Qvaltes foom alprecipitation sarmpteg enablbs the definitiGn of a Local
Mean Water Li ne ( L¥®owln.12. Backard=trajettong éhalysis ofi precipitation events reveal$ high
frequency transport across the Bellingshausen Sea during the 24 hours beforpateeksireach the AP (Fig. 5).

7
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4.1.1 Isotopé Temperature relationship

The relationship between the stable water isotope composition of daily precipitation events and dadyrfaear
temperature (fuy) at OH was assessed using linear regresaimlysis of a sample set of measurements. The sample
population consisted of the months with the largest number of precipitation samples (namely December 2008, March 200¢
and 2009, June 2008 and October 2014). Only selected months were analyzed tdhemaast tomplete set of data within

a relatively short timeframe to improve the derivation of the calculated relationship. Outliers, gie@mormalouXexcess

values (see Section 3daxcess<<-9 a), were filtered out e modeh asdhe gualityoftheseoi d
samples was likely compromised during storage and transport. It should be noted that this relationship will be compared tc
firn core time series in Section 4.2.2, in order to reconstruct the air surface temperaturevaté &ttteau.

Additionally, to investigate the relationship at a monthly scale, a correlation was performed for monthly means calculated
from dai [@mon®y;VTedm) eer (hai24 month long precipitation dataset (Febru@@08 to March 2009 and

April T November , 2014) (Tabl e3). Considerable diff &@&nces
relationships (Table 3; Fig. 4a), which indicated that the isdtepgperature relationship is seasoriadgpendent. The
seasonality of tis relationship was determined using the linear regression stppe 6 f t R%@i T cblatioriship (sge
Table 3 for statistical det ai |*¥))and Tliyhbasedsor 408 pracipitation éventsa r
revealed correlation codéffents (R) higher than 0.6 and a statistical significam@elqwer than 0.03. To facilitate the
evaluation of seasonal signals, the daily datasets were categorized by season, such that: austral SummerJdeeember
February, DJF) was characterizedngsDecember 2008 data; austral Autumn (Makghil-May, MAM) was characterized

using March 2008 and 2009 data; austral Winter (xhuitgAugust, JJA) by June 2008 data; and austral Spring (September
OctoberNovember, SON) by October 2014 data. If MAM a8®N are combined together, considering they are both
shoul der d%idsomrd attileshi p is defPOr6.W* Thy7.76 (Re 0.M4p<tElafFor r e g r
austral Stonmerel athieonishi p &@=nl.1Y &.y-8.X9R=6.81spe@01)aand ausiral winter

a s ¥0=10.35* Tyaiy-8.66 (R=0.63, p=0.01).

4.1.2 Deuterium excesé Temperature relationship

Deuterium excesdéxces) Was calculated for each precipitation sample fisiable water isotope data obtaineddit (see

Table 2 for descriptive statistics)o evaluate the proximity to the original evaporation source for each precipitation sample,
we examined both the isotdgemperature relationship as well as the near surface temperatulgagcelationship using

linear regression analysids for the evaluation of the isotdigemperature relationship (Section 4.1.1), ddiytessvalues

for December 2008, March 2008 and 2009, June 2008 and October 2014 were compared with daily mean temperature
however, correlation coefficients were not significant (Table 3). However, for the@Da8atasets théecesk T correlation

for monthly averages (calculated from daily egeas outlined in Section 4.1,1yas significant (Table 3; Fig. 4b), and the
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associated linear regression was calculated ta&gisss -0.60 * Tmonnyt2.12 (R=0.77, p<0.01). For the 2014 dataset the
correlation is not significant (R=0.33, p>0.05).

4.1.3 Moisture source of precipitation

Threeday air parcel backward trajectories from precipitation events exhibit a wide distribution, probably explaining in part
the variability of the isotog@gemperature relationship presented in Sections 4.1.1 and 4.1.2. Most of the pathways originate
in the Sothern Pacific Ocean and the AmundisBallingshausen Seas. The trajectories are primarily derived from the
Bellingshausen Sea, the Bransfield Straight and the Dra
addition, some trajectorigfs < 1 5 %) originate from AP&s eastern side. Pr
distributed pattern with a N40°W orientation, and most follow pathways between 60°S and 67°S. The correlation between
monthly mean values @xcess(from precpitation samples) andexcess mete§CcOnstructed from the meteorological parameters

rh and SST of the high density precipitation pathways) had a significant correlation coefficient of Rp<0.88 ) (Fig. 6),
demonstrating that oceanic conditions conimnoist of the precipitation variability.

4.2 Firn core samples from the AP

Table 1 shows the stable isotope results and descriptive statistics for firn cores retrieved at the northern ARofidpecco
rel at i oi#®® foi epch single firn core retrieved from LCL is related to the global meteoric water line (GMWL) and
the local meteoric water line (LMWL(Rozanski et al., 1993with a mea slope of s= 7.91 and an intercept of 3.64 (Fig. 7).

These values are very close to those of the LMWL, although with a slightly higher intercept.

4.2.1 Age model based on stable water isotopes

Stable water isotope results from each firn core allow the deat i on of i ndi vi dY¥@dnddg.esfprt h pr
each firn core. Lowest noise values and the clearest seasonal patterns were deyagpinfiles dexcess cor (Fig. 3), similar

to findings published b¥ernandoy et al. (2012)n Section 4.1.3 it was shown thaecessfrom precipitation samples and
dexcesmeteo @t Sea level are significantly correlated, which suggests a nearby moisture source precipitating in this area. The
significant correlation indicates that, moisture source conditions of a coastal and igmeadical origin will be represented

and preerved in thalecess cordecord, and could be used as a chronological markerddhes corsSignals were first filtered

for their high frequency oscillation patterns and then the remnant signals were compared with the high frequency filtered
Jexcess meo MoNthly means (See Section 3.3). The comparison betden; mete@Nd dexcess cord€sulted in a close similarity
between them. Main peakalley fitting between both signals led to a monthly meagss corsignal represented on a defined
depthitime scale (Fig. 8). The comparison between time series of monthly dagas coredNd dexcess metedlata reveals
correlati on c o e#£0f0l; degreenof feeedont (d)R-Qdee tébfe 4)(for each individual firn caealyzed

and obtained &m 2006 to 2015. Table 4 summarizes correlation coefficients, statistical significances and time intervals for

each firn core. From the firn cores retrieved from LCL, a single time series was constructed and then compadgg-io the

9
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meteotime seriesn order to analyze the isotopic signal for the whole time interval. A higher correlation coefficient of R=0.75
(p<0.01, df= 81) was obtained between the two Sig(@lgess meteNd dexcess cos FOr the overlapping time interval in GH

and OH10 (Febuary 2012 to January 2014), we only considered data fror® CGis these samples consist of fresmaw

layers with density between 350 and approximately 410 Rgancore depth between 0 and 1 m), and firn with densities
between approximately 410 an8®%kg m?® (at core depth between 1 and 7 m) than the corresponding interval-tDOH

This in turn helps to avoid attenuation of the isotopic signal. Although we only consider&ddatd for the overlapping

time interval, we studied the changes inth@slaar d devi ati on d© &ahe UBpPtbpom bogt
the common time span. The standard deviation shows a decrease of 16% after one year of deposition Hi@evithOH
respect to the same time interval in ©@Hand for 2 to 3 yearafter deposition, the standard deviation of the signal decreases

by 18%.

During visual firn core logging and density measurement, thin and scarce elevated density layers were identified. Melt layers
were characterized by regular lateral extensioh taitkness 10 mm or higher. A04mm thick layer was observed in the

core OH10 at depth 8.5m, which was the maximum observed thickness. Melt represented a total of 5% of the accumulatec
water equivalent column of the cores @HOH-9 and OH10. The melt lagrs do not show clear evidence of infiltration nor

have a clear pattern of distribution with depth (i.e. an association with summer layers, as there are more or less
homogenously distributed along the cores). Other firn high density structures, shicinasdrustlike layers (<10 mm), do

not correspond to melt events and are mostly related to wind scour processes and liquid precipitation. Melt and crust layer
do not show a clear seasonal pattern with relation to their time equivalent with depth. Z88araf melt layers counted

have a width <10 mm.

4.2.2 Seasonal temperature reconstruction from stable water isotopes

The age model developed using th@esscor@ S Ci | | at i on was | a¥Cetime sepep (Fig. 8)dFromahisc o n ¢
time seris a periodical twbyear pattern was identified. This pattern is characterized by positwen t h | y ®0Ome a n
standardizednomaly values (z = observatiomean * Std. dev) between May and November in the ye2098 (z = 0.6),

2010, 2012 and 2014 (z >.1Additionally, they exhibit a negative correlation to temperatures at BEqZ$or 2010, and <

-1 for 2008, 2012 and 2014) . Bet ween ¥Qvalees @ ®1) aredlawkerythan n  t |
the mean and exhibit a positive pelation to temperature at BE (z-%) (Fig. 9). Therefore, the tigear periodical pattern
mentioned above is represented b0 valueshighenthamthe mean follpvedbys w
odd numbered year Owa ltuhe sa ulsadwearl twh annt ett elaluesenara transfdoned th |y
their temper at ur é0i& celationshipl obtained inuSectiongt.1.1 from précipitation samples (Fig. 10) to
investigate their seasonal behavior.

Calendar seasonsihese latitudes do not follow regular patterns (i.e. DJF, MAM, JJA, SON), as seasonality largely depends
on the sea ice cover during winter, often extending beyond calendar limits. Large sea ice extent (SIE) leads to aidelayed on

set of spring conditionsn this case wintétike conditions will be extended beyond August. Restricted sea ice extent on the
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contrary will lead to earlier Sprifigike conditions (before August). Depending on such conditions, we defined three seasons
with their $OT relatisnphipnThésa spasans are: (1) an austral transitional season which considers the
months from March to May and Octobdlovember (MAMON) (using precipitation datasets from Table 3, March 2008
2009 and Oct o B%IT retdriskip), {2 austrdh Wintdr season which considers the months from June to
September (JJAS) (using preci pta telationshipdTaklea3s, artd £3) dnrawstral J u |
Summer season which considers months from December to February (@3i)iécs precipitation datasets from December
2008 f®IT thel a@ti onship). This basic cl| #GT relationshipt does mot o f
explain all of the variability observed in the data, some particular seasons showbte \zetzavior when compared to the

mean seasonal behavior in the time span covered in this study. In those cases, the seasonal behavior was extended

contracted beyond the boundaries of the main season classification depending on the SIE.

4.2.3 Air tempeature trends at Laclavere Plateau

In the AP region, lapse rates change seasonally primarily due to variations in the presence and extent of sea ice cover whic
impacts thermal stability on the lower atmosphere. Mean seasonal lapse rates obtaineggiothishow a clear seasonal
dependency, with the highest rates during D33 °C km?), similar values during MAM and SON4(43°C km', and-

4.06°C km' respectively) and the lowest rates during JPA73° km?) (Fig. 11).

Monthly near surfaceemperatures at LCL were estimated using a linear regression analysis based on monthly lapse rates in
BE, winter SAM index and SIE from OH (Fig. 12). The resultant equation =TTge-1.4)+1.13 (Mhont*SIEon*+Nmonty,

during the months when sea icadisveloped (from May to September) and whergMand Nuonih represent the slope and
intercept of the monthly lapse ra&iE relationship, respectively. During the months when there is no sea ice (from October

to April) the monthly temperature is calc@dtfrom Tc .= (Tee-1.4)+1.13 * H(t), where H(t) is the monthly mean lapse rate
value of the month t measured in BE between 1B9%6. Considering these variables, a mean annual air temperature of
7.5°C with a trend 0f0.18°C yeat (statistically not ginificant at p=0.05) was estimated for LCL for 20@®14.
Compar at i v e % fimeisdries aatal agd the sa@bpdelationship are considered, a mean annual air temperature

of -6.5°C with a trend 0f0.33°C yeat (statistically not significanat p=0.05) is estimated for LCL for the same period. The
correlation between mont hly me an®Otsignalfrenr fintcaras and 3 testicha@d , es
using the coupled effect of the latitiderrected temperature record from BEFon and lapse rates from BE, have a
correlation coefficient of R= 0.70p€0.01). Both signals show a synchronous behavior, also with respect to the air
temperature recorded at OH station. No statistically significant correlation was observed betwes stadiass (OH and

BE) temperature records and the stable water isotope composition of firn cores.

4.2.4 Accumulation rates

Density measurements from firn cores were used to construct delegitii profiles. Along these profiles a significant

increase oflensity with depth was obtained. Linear regressions across different sections represent a normal firn compaction
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process reaching the sniofivni density boundary (550 kg # at the 15.2 m depth. Using these linear regressions and
considering the depth imtvals delimited in Section 4.2.1 as monthly values, we were able to estimate accumulation rates for
different years. A mean accumulation rate of 1770 k§ y? was estimated at LCL for 2008 to 2015. The highest
accumulation total was found in 2008 (>24&nT?), and the amount noticeably reduced until 2015 (1600 Rgwith an
absolute minimum recorded in 2010 (1060 kg)rfFig. 13a) A marked decrease was observed in accumulation during JJA
and SON between 2008 and 2015, which could be in part reébfefar the overall decreasing rates. However, this trend
was found to be statically nosignificant £>0.1).

The highest accumulation occurs during the MAM and SON seasons (Table 5). Accumulation rate estimations derived from
the OH9 and OH10 cores fo the common period 2012 2013 only differ by approximately 3%. Other cores from the
western flank of the Peninsula (& OH5 and OH6) show that the accumulation in 2008 (common period) depends on
altitude, with increasing values from the lower regiorthe highest point on the LCL (Fig. 13b). The rate of increase was
approximately 1500 kg thkm y* from 350 m a.s.l. to 1130 m a.s.l. in 2008.

5 Discussion
5.1 Stable water isotope fractination and posfi depositional processes

The stable wateisotope composition of precipitation samples from the 2008 and 2014 datasets are very similar to each
other, and to firn cores from the western flank and from LCL Plateau4®@HOH1 0 ) . C o mp*¥Orsigmagfromh h e
OH-6 with data from precipitation sgites at OH and with two other cores from the western side of the AR}(@rd OH

5) during a common period (March 2008Au g u s t 2'%D @lé€clease o0 . D 8 5 & wak found with increasing
distance from the coast (Fig. 14a). The same data set was useds t u'tDya Itth e uld e r e FQgeasonals hi p
means show an altitude d%inkitndd gatiecny. BatweentOH y0imeals.d)sand4 @La(k1@0ma |
a.s. |l .) during MARQ with height is abservedq ¢ # & 2 &itenR=®.B7 atip level<0.05), whereas
during JJA no s i®irendis absemvad (Fitj.eldb). easi ng U

Backward trajectory analysis revealed that the most frequent pathways for air parcels that reach the northern part of AF
derive from the Belligshausen Sea, between 55°S and 60°S throughout the year (Fig. 5). In contrast, localities further south
on the AP and in West Antarctica, Ellsworth Land and coastal Ross Sea, respectively, exhibit a stronger continental
influence on the precipitation soa;cdepending on seasonal and synoptic scale cond{fitresnas and Bracegirdle, 2015
Sinclair et al., 2012 The LMWL obtained fronprecipitation samples at OH (m= 7.83) is similar to the Antarctic meteoric
water line obtained biflassorDelmotte et al. (2008)m= 7.75), and to the GMWL as presentedRnzanski et al. (1993)

(m= 8.13). The similarity between the slope of LMWL and GMWL indicates that the fractionation processes during
condensation mostly take place under thermodynamic equilikifilmser and Stichler, 1980These results are consistent

with those obtained by other authors for King George Is{(&mides et al., 2004iahong et al., 1998Combining the stable

water isotope signature of OH precipitation with time series of meteorological data representative for the conditions
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prevailing on the ocean near the OH station, a strong relationshiptwithd SST at the moisture source can be derived.

This relationship has been well established, especially for the coastal Antarctic region where moisture transport from the
source is geerally of shoitrange(Jouzel et al., 2093 The correlation between thikycess0f precipitation and a theoretical

Jexcess metedlerived from time series of meteorological data from the surrounding rég®rshown that both datasets are
highly correlated (R= 0.86). Based on this evidence, we propose that the Bellingshausen Sea constitutes the most importa
source of water vapor for precipitation for the study region at the northern AP. A similar conchas drawn for regions

further south at the Peninsuf@homas and Bracegirdle, 201Hhowever, with an increase of contributions from other local
sources (e.g.. Amundsen Sea amhtmental conditions) to the local precipitation. This has also been observed at the
northern AP, where some precipitation events that exhibited a stable water isotope composition beyond the normal range fc
the region (e. d®=-20. Avwelrwassociat€dovihOunconimon sources of humidity as shown by the
backward trajectory analysis.

In firn cores obtained fr o% tama AP, devcverage wasl Ld e vfarnodn
a.s.l.), which supports the altitudiriaotope effect identified biFernandoy et al. (20129r the region. In addition, standard
deviations of seas on¥lvalugeswbdfintcdrds rommELaane)low and sirailardo thibse of firn cores
from lower altitudes. Despite the variations in isotopic compasitowi t h  hei ght , iTWeO adisotopici r n
correlation is very similar to the LMWL obtained from precipitation samples at OH. This provides evidence of the
uniformity of the fractionation conditions during the condensation process. Althosigihtiisotopic smoothing effect was
distinguished between the cores (16% after one year of deposition), the distortions causeitdepgsitonal effects that

may alter or homogenize the isotopic signal at this site, such as diffusion, can be cdragdemited. The latter indication

is well supported by the high accumulation rate in the region that does not allow a prolonged exposition of the frashly falle
snow to the atmosphere. Furthermore, the absence of significant infiltration and peradatioiated with melting and
refreezing events and the lack of a relationship between ice layers and seasons as well as with the stable waterrdotope rect
implies that the isotopic composition is not altered by surface melt infiltration and percolationtAik reassures that piost
depositional processes in the LCL region are negligible in the time period analyzed. High firn density peaks, mostly thinner
than 10 mm, are represented by discontinuous orregualar layers and counts for 25% of the totaktay These layers
developed by wind ablation on wihscouring processes, when the air and drifted snow flows against surface irregularities
(like Sastrugies); and also by solidification of stpeoled droplets. In both cases, a thin ice crust was forazedbserved

during the field seasons and in the core stratigraphy. Melt events, recognized by more regular and thicker firn ard ice layer
(>10 mm), represent approximately 75% of total high density layers (See Section 4.2.1). Even though these abasgvation

in agreement with the results obtained in this regiofré&ynandoy et al. (2012)nd Aristarain et al. (1990Q)several studies
(Fernanay et al., 2012Simdes et al., 2004 ravassos and Simoes, 2004&hong et al., 199&ave identified a significant

melt layers in firn cores, mainly from KGI and from the westside of the AP at altitudes below 700 m a.s.l. The limited
effect of postdepositional processes due to the high accumulation rates and to the ice layers reducing (&tfoklen et

al., 2002, along with the high correlation betwedicess mete@Nd dexcess corascONfirm that the isotopic variations observed in
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firn core isotope records are mostly related to isotopic fractionation occurring diomapnsation and tch and SST

conditions in the vapor source regions.

5.2 Stable water isotope and the local temperature relationship

The changi A%Qi T elatorshkipnobthinedifrom precipitation samples shows that the relationship between air
temperature and condensation temper at ur e %G Arelatienshipdurimgo u g h
MAM and SON contrasts with the pronounced difference of this relationship between DJF and JJA. This highlights the
variability of h e*®0OlT r el ati onship along the whol ¥l melatiorstpreserited n o
in this study were calculated from precipitation samples of particular months and years, which can induce bias. However, it
can be assumed that thedatasets give an idea of the variations that can be seen in between seasons in this region.
Further nf®iTe ,cotrtreeltati ons obtai nedfafhdr 0 MBMspeciv@y) BeSkilaftd . 7 7 :
the values obtained by other authors forAlie(Aristarain et al., 1986 eel et al., 1988 Even though the datase capable

of representing variations within the time span covered by this study, it is too short to build a consistent baseline for the
region. Despite the reduction of the seasonal temperature difference in coastal sites, the difference in thé'4&agonal
relationship suggests the existence of processes that disrupt the direct linkage between condensation temperature and surf;
air temperature. The ne'§lasighalfeom LQCLrice eotes and BEh (anb ©H) wnenghly meah e
temperatres (Fig. 9 and 10), which is noticeable in some years during JJA, contrasts with the commonly accepted seasona
behavior characterized b YO and quidaseiair temperata@lark aand Fitz,i1997 Thise t we ¢
particular behavior could be related to strong variations in meteorological conditions in the area between BE (OH) and LCL
throughout the whole year. Therefore, air temperature on LCL was estimated by two independent methods: lapse rate:
(vertical temg r at ur e g r 0T eguivalents. Tleerbest cdrrelation between both LCL temperatures estimations
was obtained when an extended seasonal behavior was considered (R= 0.70; p<0.01). This result is in agreement with tt
natural seasonal variability ihigh latitudes, where the effects of some seasons extend beyond the calendar seasonal
temporal limits related to the SIE, as previously explained. Without taking this seasonal variability into account would lead
to a misinterpretation of the airtemperata  r econst r uct i d%iT toorelatidn @duld theniberatleer podr e
(R= 0.42) and not reflecting the tr ue® sTeradaionship HuringWAM n t h
and SON can be explained by the seasonal trandigbween summer and winter, when oceans surrounding the northern AP
pass from icifree to fully icé covered conditions (or vice versa), respectivelyl fiee ocean conditions are related to
seasonal oscillations, which are highly dependent on atmosptieritation patterns. In this sense, years with a marked
negative SAM anomaly are associated with eered sea conditions, whereas positive SAM phases are associated with
icei free sea conditions (Fig. 12). Other stud{@sirner et al., 2016 point to a similar interaction between surface air
temperature and SIE at AP and recognized thatStheE 6 siannual tvariability is related to atmospheric modes. This

supports our own observations that the sea ice is important for regulation of surface air temperatures in the region.
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5.3Firn age model and accumulation rates

The stable water isotope signal obtained from firn cores shows no regularity in its seasonal behavior and lacks alclear annu
oscillation pattern, likely due to the strong maritime influeiCtark and Fritz, 1997 These two créria prevent the
development of an age model by conventional annual layer counting in the isotopgltegoadd and Mayewski, 1997n

this context, thelecessparameter represents a robust time indicator, as it has shown to be principally depemtiearicbn

SST conditions prevailing in the eastern Bellingshausen Sea where these variables are relativélpstablet al., 2013

The high correlation coefficients (and high statistical significance) obtained for the relationship bedweeand dexcess

metes &S Shown in Section 4.2.1, demonstrate that thiaodeused to construct a time series is effective in dating isotope
records of firn cores from the northern AP, even at a monthly resolution.

The most frequerdexcessv a1l ues found i Mi68heaférnncagesemB8At wscéndrioa st
as determined bRpetit et al. (1991)implying that thedexcesstelates tarh and SST of the humidity source and not to surface

air temperatur¢Jouzel et al., 20)3Saigne and Legrand (1987fostulated thath conditions prevailing at the sea surface

have an important effect on thigcesssignal of precipitation below 2000 m a.s.l in the study region. The stable water isotope
results, in combirtion with the meteorological datasets, show that precipitation on LCL is highly correlatetha&itd SST
conditions in the Bellingshausen Sea near the AP.

The irrelevance of postiepositional effects along with the flat topography on LCL suggests thatdtimation of
accumulation rates from firn cores is representative of the amount of snow originally precipitated. Moreover, the slight
smoothing of the isotope signal after deposition, as well as the small differences in the accumulation rate obsleeved fo
common time period of firn cores G¥Hand OH10, demonstrates that our age model is reliable, as two different data sets
yield similar estimations for a common period. The results obtained enable LCL to be classified as a high annual snow
accumulatio site (Table 5), closely following the estimations of other authors on King George IslandRiataaja, 1995
Zamoruyev, 1972Jiahong et al., 1998and on the AP further south of LC{Dalla Rosa, 201;3Goodwin, 2013 van
Wessem et al., 20)50f around 200G 2500 kg n? y?, but differs from the accumulation rate obtained3ydes et al.

(2004) and Jiankang et al. (1994)n King George Island dome (600 kg?ryl). A seasonal umulation biasvas noted,

with more favorable conditions for accumulation (i.e. higher precipitation amount) during autumn resulting from more

frontal systems approaching the AP (Table 5).

5.4 Seasonal variability and disruption of atmospheric conditions

The depl ¥witl increasing héight (altitude effect) and the simultaneous increase in accumulation along the
western side of AP at the LCL latitude can be explained with the help of an orographic precipitation model as proposed by
Martin and Peel (1978Y his model states that moist air parcels from the Southern Ocean are forced to ascend and cool down
when approachinghe AP due to the steep topography forming an orographic barrier to westerly winds. The depletion

o b s er v¥adreflects thé strength of the fractionation process taking place within a short distance and in a low
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temperature environment (Fig. 15a). Tdfere, the isotopic fractionation process occurring at the AP and the direct linear
rel at i on®Ommedtthe eondensdtion temperature enable us to study temperature behaviour with respect to altitude
i ncrease 0 A0 vahationdCaai,i186). bidwevar, whereas MAM air temperatures show a clear decrease with
increasing height (atmospheric instability of the lower troposphere), JJA air temperatures exhibit an increase from sea leve
to 350 m a.s.| (atmospheric stability). At higher altitudesgegreasing temperature trend is observed (atmospheric
instability). The break at 350 m a.s.I during JJA could indicate the existence of a strong stratification within the lower
troposphere on the western side of the AP. In addition, the variations inlynowan lapse rates measured by radiosondes

in BE throughout the year, provide evidence for the existence of a process that modifieshakiurof the lower
troposphere, decreasing the lapse rate (between sea level and 850 hPa) during JJA and lgonsidersihg it during DJF

(Fig. 16).

The close linear correlation identified between lapse rate magnitude and SIE indicates that SIE is an important factor for th
development of these variations, especially between May and September.

The phenomenon prmwsly described is likely linked to the development of an inversion layer in the lower troposphere on
the western side of the AP mainly during JJA, which in turn is related to a strong radiative imbalance. During JJA, solar
radiation diminishes until iteaches a minimum at the winter solstice. The lack of solar radiation leads to considerable
cooling that favors the formation of sea ice and in turn, causes differential cooling between the sea ice surface and the al
above it. As the sea ice surface cdalster than the air above it, a riesurface altitudinal pattern of increasing temperature
develops where local atmospheric stability prevails. The layer of atmospheric stability extends from sea level up to at least
350 m a.s.l, where it turns into an aspheric instability regime. Both regimes together favor the decrease of the overall
lapse rate, as temperature first increases and then decreases with height. Conversely, no inversion layer is forméd during D.
due to the absence of sea ice and henceysgineric instability prevails, which is related to high lapse rates (Fig. 15b and
15c).

The existence of an inversion layer during the months with sea ice coverage might explain the low oscillation of monthly
mean temperatures estimated at LCL comparechdathly mean air temperatures at BE (OH). The negative correlation
between SAM index and SIE also seems to play an important role, as SAM positive phases enhance the transport of warr
and moist air towards the western side of the AP, thus inhibitingotineafion of sea ice. This has a direct impact on the
lapse rate as the development of an inversion layer is hindered and therefore air temperatures on LCL are regulated. TF
interaction between SAM and SIE plays a key role asisgiaovered conditions teper the maritime system, favoring
continentall like conditions and reducing annual mean air temperature, implying a higher temperature amplitude in BE and
OH throughout the year.

The temperature time series est i%anddgs fiom IoCinfirn dores eghibitslal e w
periodic (biannual) pattern, which can be linked to a similar periodical behavior observed in SAM index and in SIE. The
relatively constant temperatures observed during MAM, JJA and SON in years with eep®ailil phase provide evidence

that during these seasons condensation is taking place at similar temperatures. Under such conditions (positive SAM), th
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low variations in the lapse rate throughout the year, along with the low thermal oscillation in BEX@&ih the presence

of a constant condensation temperature, which does not differ much from air temperature during DJF. Conversely, the
stronger annual temperature oscillation observed on LCL during negative SAM phases indicates marked variations in
condasation temperature throughout the year.

Finally, the proposed inversion | ayer mod eXOiT(rdfatiogshipdf6) e
precipitation samples from OH. The distortion of the direct relation between condernteatiperature and surface air
temperature by an inversion | alOeTr relatoaship accoiding to thec lapsesrate y
evolution throughout the year. In this context, MAM and SON were identified as transitional periods imtuigofo of the
inversion layer, mainly because of the isea formation and retreat during these seasons. The seasonal adjustment
considered to estimate LCL temperatures must be applied, becausé tbe seeer varies intéannually in its duration and
extension, which in turn produces the ifitennually variable inversion layer. The proposed model for the coastal region on
the western side of the AP at OH latitude, is consistent with the observatidfeoaing et al. (2003pn KGI (South

Shetland Islands), where several inversion layers developed extending beyond 400 m a.s.l.

6 Conclusions

In this study, we examined one of the most complete recomgseit precipitation from the northern AP, with a total of 210
single precipitation events and more than 60 m of firn cores. The firn cores retrieved in this work include the accatulation
the northwestern AP region between 2008 and 2014. Precipitattbriira stable water isotope compositions have been
compared to different meteorological data sets to determine their representativeness as climate proxies for the region.

The results of our study r e \%d relatondipnhrolighoutahe yearsFeraastwumm anld ¢ h
spr i RQiT mtio df 0.68 °C' (R= 0.74) was found to be most representative, whereas for winter and summer the
{i'80i T ratio appears to be highly dependent on SIE conditions. The apparent moisture source for air parcels precipitating a
the northern AP is mainly located in the Bellingshausen Sea and in the southern Pacific Ocean. The transport of water vapc
along these oceanic and coastal pathways exerts a strong impact atthgsignal of precipitation. The comparison
between thalecesssignal from the moisture source and thgesssignal from firn cores has been used successfully to date the

firn cores from he northern AP, yielding a sevigrear isotopic time series in high temporal resolution for LCL.

Based on our dating method we could define LCL as a high snow accumulation site, with a mean annual accumulation rate
of 1770 kg nt y* for the period 20062014. Accumulation is highly variable from year to year, with a maximum and
minimum of 2470 kg m (in 2008) and 1060 kg ®(in 2010), respectively. In addition, we identified the presence of a
strong orographic precipitation effect along the western sideeoAP reflected by an accumulation increase with altitude
(1500 kg n? y'* kmrY), as well as by the isotopic depletion of precipitation from sea level up to ZAQf km? for

autumn) and from the coast line up to the ice diviGed@: km'Y).
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The maitime regime present on the western side of the AP has a strong control on air temperatures, observed as restricte
summer / winter oscillation, and®i sanrde pleDc tperdo yilne sa i mo dri r <e
conditonscan® onl y r e c o ¥ timeuserieseobtained fimm LAL firn cores when considering an inversion
layer model during winter season. The strength of the inversion layer likely depends on SIE and SAM index values. Taking
into account the effect of theviarsion layer on the isotopemperature relationship, we observe a slight cooling trend of
mean annual air temperature at LCL with an approximate rate.28°C y* for the period sampled by the examined firn

cores (20022014). This finding is in line wh evidence from stacked meteorological record of the nearby research stations
as determined byurner et al. (2016)

Our results demonstrate that the stable water isotope composition of firn cores retrieved from LCL is capable of reproducing
the meteorological signal present in this region, validating it as a valuable proxglédgrgiimate reconstructions in the
northern AP region. Environmental (atmosphere and ocean) and glaciological conditions present at LCL, a ~350 m thick ice
cap, together with an almost undisturbed isotopic record are optimal prerequisites for the twasefza climate proxy

record with a high temporal resolution. Consequently, LCL is a suitable site for recovering a hoktitimice core to

investigate climate variations during the last centuries in the northern AP region.
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Figure 10: (a) Monthly mean air temperatureconstruction for LCL between March 2008 and January 2015 based on air temperature
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