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Abstract暋TheglaciersAustreLov湨nbreenandPedersenbreenarelocatedatNy灢
痄lesund,Svalbard.Thesurfacemassbalanceandiceflowvelocityofbothglac灢
iershavebeendeterminedfromthefirstyearofobservations(2005/2006),while
thefrontedgeofAustreLov湨nbreenwasalsosurveyed.Theresultsareasfol灢
lows:(1)ThenetmassbalancesofAustreLov湨nbreenandPedersenbreenare-
0.44and-0.20m w.e.,theannualablationis-0.99and-0.94m w.e.,
andthecorrespondingequilibriumlinealtitudesare478.10and494.87m,re灢
spectively.(2)AustreLov湨nbreenandPedersenbreenarecharacterizedasice
flowmodelsofsurge灢typeglaciersinSvalbard.Thehorizontalvectorsoftheice
flowvelocitiesareparallelorconvergetothecentrallinesofbothglaciers,with
lowervelocitiesinthelowerablationareasandhighervelocitiesinthemiddleand
upperreachesoftheglaciers.Theverticalvectorsoficeflowvelocitiesshowthat
thereisamasslossintheablationareas,whichreduceswithincreasingaltitude,
whilethereisamassgainneartheequilibriumlineofAustreLov湨nbreen.(3)
ThefrontedgeofAustreLov湨nbreenrecededatanaveragerateof21.83m·
a-1,withremarkablevariability灢amaximumrateof77.30m·a-1andamini灢
mumrateof2.76m·a-1.
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1暋Introduction

TheArcticOceanisinthecenteroftheArcticregion,wheretherearemany
islands,thelargestbeingGreenland.Svalbard (74曘灢81曘N,10曘灢35曘E),adjacentto



Greenland,isanimportantcomponentoftheArctic.Ithasatotalareaof62000
km2,andisabout60%coveredbyglaciersoricecap.Svalbardisanarchipelagoat
thenorthernmostextentoftheNorwegianCurrent(abranchoftheNorthAtlantic
Current),andtheglaciersinSvalbardareverysensitivetotheoscillationofthe
NorthAtlanticCurrentandrelevantclimatechange.Therefore,Svalbardisaninter灢
nationallyimportantareaforthemonitoringandstudyofglaciers.Svalbardisdomi灢
natedbysmallsub灢polarorpolythermalglaciers(<10km2)[1],whichrespondtocli灢
matechangerapidly,andplayanimportantroleinsea灢levelchangeondecadaltocen灢
tennialscales[2].Consequently,theinitialsignalsofglobalclimatechangecanbeob灢
tainedbymonitoringtheglaciersinSvalbard.Thispaperpresentsthelatestvaria灢
tionsinglaciersinSvalbarddeterminedfromobservationsofmassbalanceandice
flowvelocityforAustreLov湨nbreenandPedersenbreen(Fig.1)in2005/2006.

Fig.1暋MapshowingthelocationsofAustreLov湨nbreenandPedersenbreen.

Foreign(mainlyNorwegian)scientistshavecarriedoutmuchworkontheglac灢
iersinSvalbard;forinstance,AustreBr旿ggerbreenandMidreLov湨nbreenhavebeen
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monitoredandstudiedformorethan40years.Theresultsofthemassbalancesof
thesetwoglaciersshowthatduringtheobservationperiod,theannualnetbalance
hasbeengenerallynegative,andinter灢annualvariationinwinteraccumulationhas
beencomparativelystable,whilesummerablationhashadlargerinter灢annualoscilla灢
tions;however,therehasbeennoindicationofincreasedmelting[3灢7].Manyglaciers
inSvalbardareofsurgingtype[1].TheiceflowsofafewglaciersinSvalbard,espe灢
ciallythesurging灢typeglaciersKongsvegenandKronebreen,havebeenobservedand
studiedintermsofthetemporalandspatialdistributionsoficeflowvelocity[8灢9],the
mechanismofsurgeandthecalvingrateandprocess[10灢11].

Onlysporadicstudies,mainlyonglaciochemistry,wereconductedinSvalbard
byChineseglaciologistsbeforetheChineseArcticYellowRiverStationwasbuiltin
2004.Kangetal(1998)[12]collectedsnow灢pitsamplesfromglaciersnearLongyear灢
byen,Svalbardandanalyzedvariationsintheirconcentrationsofmainanionsandcat灢
ions.TheestablishmentoftheChineseArcticYellowRiverStationprovidesastable
supportplatformforsystematicglaciologicalresearchinSvalbard.Duringthefirst
scientificexpeditiontotheChineseArcticYellowRiverStationin2004,Chinesesci灢
entistscarriedoutmultidisciplinaryfieldworkaroundNy灢痄lesund,Svalbard,and
theglaciersAustreLov湨nbreenandPedersenbreen (Fig.1),neartheheadofthe
Kongsfjordenfjord,wereselectedforlong灢term monitoring[13灢15].

2暋Generalsituationofthemonitoredglaciers

暋暋AustreLov湨nbreen (12.09曘E,78.527曘N)andPedersenbreen (12.175曘E,78.
515曘N)arelocatedatNy灢痄lesund,Svalbard(Fig.1).Thetwoglaciersareadjacent
andclassifiedaspolythermalvalleyglaciers[1].Theyarerespectively6.2kmand10
kminadirectlinefromtheChineseArcticYellowRiverStation[15].Thealtitudesof
twoneighboringmountainpeaksarerespectively880mand1017m[16].Table1pres灢
entsaseriesofparametersforAustreLov湨nbreenandPedersenbreen;thetwoglac灢
iershaveareasof6.2km2and5.6km2andmaximumaltitudesof600mand650m,
respectively.Thesurfacesofthetwoglaciersarequiteflat,andtheyhavesmalla灢
mountsofmoraineandfewcrevasses.Geomorphologically,Pedersenbreenisnarro灢
werandlongerthanAustreLov湨nbreen.

Table.1暋ParametersoftheglaciersAustreLov湨nbreenandPedersenbreen[Datafromreference1]

Glacier Length
(km)

Maxaltitude
(m)

Minaltitude
(m)

Aspect
AC AB

Volume.
(km3)

Area
(km2)

Location
Long(E)Lat(N)

AustreLov湨nbreen 4.8 600 40 NW N 0.53 6.2 12.09曘 78.527曘
Pedersenbreen 5.4 650 90 N N 0.46 5.6 12.175曘 78.515曘

Note:Aspectreferstothedirectionoftheslopeoftheaccumulationarea(AC)andablationarea(AB)
givenforthetwoglaciers.

3暋Observationdata

3.1暋Fieldworkandmethod
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FromJuly25,2005,anobservationnetworkwasestablishedwiththedeploy灢
mentof20stakesfromsectionsAtoEonAustreLov湨nbreenandfivestakesalong
themainstreamlineonPedersenbreenformeasurementofthesurfacemassbalance
andiceflowvelocity(Fig.2).Thegeographicalcoordinatesofallstakesand14ob灢
servationpointsonthefrontedgeofAustreLov湨nbreen,andverticaldistancesbe灢
tweenthetopsofthestakesandtheglacialsurfacesweremeasuredforthefirst
time[15].FromJuly24,2006,theabove灢mentioneditemswereremeasuredduring
thethirdexpeditiontotheChineseArcticYellowRiverStation.

Fig.2暋LocationsandsurfaceflowvelocitiesofstakesonAustreLov湨nbreenandPedersenbreen.

Theglaciermassbalancewasdirectlymeasured,whichinvolvedsettingstakes
ontheglacialsurfaces,andregularlymeasuringthelevelsofthesurfacesrelativeto
thetopsofthestakes[17].Inthecaseofaninclinedstake,theanglebetweenthestake
andthehorizontalplanewasmeasuredfirst,andsubsequently,theverticaldistance
betweenthetopofthestakeandtheglacialsurfacewascalculated.Withtheannual
netmassbalanceobtainedforeachstake,themassbalanceofanentireglacierwas
calculatedbyweightingtheareasofdifferentaltitudeintervals.

Withtheglobalpositioningsystem (GPS)satellitetrackingstationattheYellow
RiverStationasthereferencestation,thepostprocessingdifferentialGPS(D灢GPS)
methodwasemployedtocalculatethecoordinatesofall25stakesonthetwoglaciers
and14observationpointsonthefrontedgeofAustreLov湨nbreen.Eachstakewas
measuredformorethan1hour,andsomestakeswererepeatedlymeasured.There灢
sultsfromdataprocessingindicatethatthemeasurementprecisionwasbetterthan1
cminthehorizontaldirectionand2cmintheverticaldirection[14灢15].Eachobserva灢
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tionpointonthefrontedgeofAustreLov湨nbreenwasmeasuredforabout20mi灢
nutes,andcentimeter灢levelmeasurementprecisionwasachieved,whichcompletely
meetstherequirementsofglaciologicalstudies.

3.2暋Data

Duetothelackofwinteraccumulationandsummerablationobservations,we
onlyobtainthenetmassbalancesforthetwoglaciersin2005/2006.Whentheglacier
massbalancewastransformedfromaniceequivalentintoawaterequivalent,adensi灢
tyof0.9g·cm-3forglacialicewastakenfrompreviousobservationsandstudiesat
Svalbard[18灢19].

Bothglaciersarelessthan10kmfromtheGPSsatellitetrackingstationofthe
YellowRiverStation,andthus,ashort灢distancedifferentialcalculationcanbeap灢
plied[15].Becauseofthesmall灢areaobservation,anindependentcoordinatesystemis
selected,withtheGPSsatellitetrackingstationastheoriginofthecoordinates,the
directiondueeastastheXaxis,thedirectionduenorthastheYaxis,andtheZaxis
verticaltotheXYplane.Therelativevariationsinthepositionsofthestakescanbe
calculatedbycontrastingthechangesintheXandYdistancesbetweenthestakeson
thetwoglaciersandtheoriginofcoordinatesindifferentyears.Allstakesinsection
AonAustreLov湨nbreenandthestakeatP1onPedersenbreenfelloverandtheA1
boreholecouldnotbefound.Consequently,thereisnomassbalancedataforsection
AonAustreLov湨nbreenandthepointP1onPedersenbreen,andnoflowvelocityda灢
taforthepointA1.Table2presentstheflowvelocitiesofthetwoglaciers,where
VxandVyaretheiceflowvelocityvectorsintheXandYdirectionsrespectively,
andVxy,VzandVz曚arethehorizontalvector,verticalvectorandactualvertical
componentoftheiceflowvelocityrespectively.

4暋Analysisofmassbalance

4.1暋Netmassbalance

Thenetmassbalancesofthetwoglaciersarecalculatedfromthearea灢weighted
massbalancesofdifferentaltitudeintervals(dividedaccordingto50mcontourinter灢
vals):

Bn=毑BjSj,
whereBjandSjarerespectivelythemassbalanceatdifferentaltitudeintervalsand
thepercentageoftheprojectedareabetweencontourlines.Themassbalanceinone
altitudeintervalistheaveragemassbalanceforallstakesintheinterval.

Figure3showsthatthereisagoodrelationshipbetweenthenetmassbalance
andthealtitudeoftheobservationpointforbothglaciers.BothAustreLov湨nbreen
andPedersenbreenhadanegativenetmassbalancein2005/2006,whichisconsistent
withtheobservationresultsfromtheglacierswithlongtimeseriesofmassbalance
recordsinSvalbard[3,20灢21].ThenetmassbalancesofAustreLov湨nbreenandPed灢
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ersenbreenare-0.44mw.e.and-0.20mw.e.respectively,andofthesameor灢
derofmagnitudeasthemassbalancesofneighboringAustreBr旿ggerbreenandMidre
Lov湨nbreen,whichwere -0.73 m w.e.and -0.48 m w.e.in2005/2006[22].
Thus,nodifferenceintheresponseoftheglaciermassbalancetoclimatechangein
thisregionisobserved.Thecorrespondingequilibrium linealtitudesofAustre
Lov湨nbreenandPedersenbreenare478.10mand494.87mrespectively.

Fig.3暋NetmassbalanceofobservationpointsonAustreLov湨nbreenandPedersenbreen.

4.2暋Totalablation

Thedegree灢day modelisappliedinsimulatingthetotalablationofAustre
Lov湨nbreenandPedersenbreenin2005/2006;thisapproachhasbeenwidelyusedin
theNorthernEurope,theAlps,theGreenlandicesheetandtheQinghai灢Tibetplat灢
eau[23灢28].Thedegree灢daymodelisbasedonlinearregressionbetweeniceablationand
airtemperature(particularly,thepositivedegree)[23,29],anditisexpressedas

M=DDF·PDD, (1)

PDD=暺
t2

t1

aT a=1,T >0
a=0,T 曑{ }0

, (2)

暋暋whereMisthetotalablation(mw.e.),DDFisthedegree灢dayfactor(m·d-1

·曘C-1),PDDisthepositivedegreedaysobtainedthroughintegrationofTbetween
October1(t1)andSeptember30(t2),andTisthedailyaveragetemperature(曘C).

TocalculatethetotalablationofAustreLov湨nbreenandPedersenbreenin2005/
2006,PDDiscollectedfromaweatherstation(atanaltitudeof8m;NorwegianMe灢
teorologicalInstitute)atNy灢痄lesund,Svalbard.Ohmuraetal.(1992)[30]suggested
thattheclimateofaglaciercanbestberepresentedbytheclimateattheequilibrium
linealtitude.Therefore,dailyaveragetemperaturesatthemeanequilibriumlinealti灢
tudeofeachglacierareextrapolatedfromtemperaturesatNy灢痄lesund,Svalbard,as灢
sumingalapserateof0.635曘Cper100m[31].PDDatthemeanequilibriumlinealti灢
tuderepresentsPDDforeachglacier.ThemeanannualDDFatthemeanequilibrium
linealtitudeofMidreLov湨nbreenisadoptedforAustreLov湨nbreenandPedersen灢
breen,sinceMidreLov湨nbreenisadjacenttobothglaciers(Fig.1)andhashighcor灢
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relationbetweenPDDandtotalablation (Fig.4).ThetotalablationofAustre
Lov湨nbreenandPedersenbreenis0.99mw.e.and0.94mw.e.respectively.

Fig.4暋RegressionanalysisbetweentotalablationandpositivedegreedaysforMidreLov湨nbreen
[datafromreferences32灢33andtheNorwegianMeteorologicalInstitute].

4.3暋Effectofthearea/altitudedistributiononthenetmassbalance

Followingthegradualfallinairtemperatureandthethickeningofsnow,theab灢
lationratedecreaseswithincreasingaltitudeoftheglaciersurface.Thenegative
massbalancegraduallyreducesfromtheendofaglaciertoitsfirnbasin,andthere灢
fore,thearea/altitudedistributionhasanimportanteffectontheglaciernetmass
balance[3,34].Figure5showsthearea/altitudedistributionandnetmassbalancefor
AustreLov湨nbreenandPedersenbreen.ItisseenthatthemainbodyofAustreLov湨灢

Fig.5暋NetmassbalanceandareadistributionversusaltitudeforAustreLov湨nbreenandPedersenbreen.

nbreenisatloweraltitudes,withonly16.4%ofitstotalareabeingaboveanaltitude
of500m;however,57% ofthetotalareaofPedersenbreenisaboveanaltitudeof
500m.Glaciermorphologyreflectsthedifferenceinthearea/altitudedistributionbe灢
tweenthetwoglaciers:Pedersenbreenhasawiderfirnbasinandnarrowertongue
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thanAustreLov湨nbreen.IfsurfaceareasofAustreLov湨nbreenandPedersenbreen
areequallydivided,thecorrespondingMED(altitudeofthecontourlinethatdivides
theglaciersurfaceinhalf)is320mand450mrespectively[1].Asaresult,bothglac灢
iershaveanobviousdiscrepancyinthenetmassbalancein2005/2006,althoughthey
areadjacentandhavethesameclimaticandenvironmentalbackground.

5暋Analysisoficeflow

5.1暋Horizontalvectoroficeflowvelocity

TheiceflowrateofglaciersinSvalbardisgenerallylowowingtothelowice
temperature.Thehorizontalvectors(Vxy)ofthesurfaceiceflowvelocitiesarepar灢
allelorconvergetothecentralstreamlinesofAustreLov湨nbreenandPedersenbreen
in2005/2006.IceflowatpointsD1,D2,D4,D5andE1insectionsDandEofAus灢
treLov湨nbreenconvergestothecentralstreamlines.Iceflowatotherobservation
pointsonthetwoglaciersisparalleltothecentralstreamlines,exceptthattheflow
atpointB2Edepartsfromthecentralstreamlineandheadsnorthwest(Fig.2).

Table2showsthatthemean,maximumandminimumofhorizontalvectorsof
thesurfaceiceflowvelocitiesin2005/2006arerespectively2.28,3.91and0.81m·
a-1forAustreLov湨nbreen-lowerthanthepreviouslyrecordedmaximumsurfaceve灢
locityof7.0m·a-1[35]-and6.74,8.13and5.49m·a-1onPedersenbreen.Aus灢
treLov湨nbreenhaslargervariationthanPedersenbreenintheiceflowvelocity,al灢
thoughtheiceflowisrelativelyslow.Theresultsofgeodesic,morphologicandsta灢
tisticalstudiesindicatethatPedersenbreenisprobablyasurge灢typeglacier[35灢36].Our
observationdoesnotcontradictthepreviousconclusion.

Table.2暋Surfaceiceflowvelocity(m·a-1)atobservationpointsonAustreLov湨nbreenandPedersen灢
breen

暋Observation
points Vx Vy Vxy Vz Vz曚 Observation

points Vx Vy Vxy Vz Vz曚

AustreLov湨nbreen D1 2.775 2.749 3.906 -0.747 0.018
A2 0.576 1.554 1.657 -1.156 D2 2.078 2.249 3.042 -0.549 0.315
A3 0.908 1.075 1.414 -1.475 D3 -1.5132.628 3.032 -0.393 0.426
B1 0.019 0.989 0.989 -0.7450.641 D4 1.013 0.018 1.013 -0.771-0.105
B2 0.535 2.362 2.421 -1.06 0.173 D5 -0.765-0.2780.814 -0.448 0.182
B2S 0.404 1.346 2.551 -0.7590.447 E1 2.426 1.829 3.038 0.025 0.124
B2N 0.467 1.095 1.405 -0.7520.283 E2 -1.3342.425 2.768 0.043 0.259
B2W 0.631 2.472 2.134 -1.09-0.064 Pedersenbreen
B2E -0.0981.946 1.992 -0.576 0.45 P1 1.076 5.46 5.565 -1.921
B3 0.902 2.042 2.232 -1.1070.243 P2 3.098 5.761 6.502 -1.5 -0.096
C1 0.316 2.939 2.956 -0.656 0.28 P3 0.335 7.987 7.994 -0.843 0.039
C2 0.176 3.417 2.944 -0.95 0.292 P4 1.563 7.976 8.128 -0.599-0.104
C3 0.171 3.014 3.019 -0.7020.594 P5 1.02 5.394 5.49 -0.421-0.151
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暋暋WiththeGPSsatellitetrackingstationoftheYellowRiverStationastheorigin
ofcoordinates,theaveragehorizontalvelocitiesofsurfaceiceflowineachsectionof
AustreLov湨nbreenandthehorizontalvelocitiesofsurfaceiceflowateachpointof
PedersenbreenareplottedasanLcurveinFigure6.Thefigureshowsthatthemaxi灢
mumvaluescorrespondtosectionCandpointP4respectively.Fromthefrontedges
ofAustreLov湨nbreenandPedersenbreentosectionCandpointP4,Vxyincreases
graduallyalongL;i.e.,灥Vxy/灥L>0.Incontrast,灥Vxy/灥L<0upstreamofsec灢
tionCandpointP4.灥Vxy/灥L曋0insectionCandatpointP4.Thus,therearetwo
typesofzoneswithdifferenticeflowcharacteristics:stretchedzones(灥Vxy/灥L>0)
andcompressedzones(灥Vxy/灥L< 0).Thehorizontalvelocitiesofthesurfaceice
flowfor Austre Lov湨nbreenshow thattheglacierhasastretched灢compressed灢
stretcheddistribution,and灥Vxy/灥Lis0.15,0.12and0.06m/a·(100m)-1forthe
respectivezones.Pedersenbreenhasastretched灢compresseddistribution,and灥Vxy/
灥Lis0.13and0.33m/a·(100m)-1fortherespectivezones.

Fig.6暋LongitudinalprofileofthesurfaceiceflowvelocityforAustreLov湨nbreenandPedersenbreen.

暋暋Theactualcharacteristicsoftheabove灢mentionedhorizontalvectorsofthesur灢
faceiceflowofAustreLov湨nbreenaredetailedhere.Thehorizontaliceflowveloci灢
tiesincreasefromsectionAtoConAustreLov湨nbreen.SectionDisalocalcompres灢
sionzoneandhasalowhorizontaliceflowvelocity.SectionEisclosertotheequilib灢
riumlinealtitudethanothersections,andthereforehasarelativelyhighiceflow
rate.ThecharacteristicofthehorizontaliceflowvelocityfrompointP1toP4on
PedersenbreenissimilartothatfromsectionAtoConAustreLov湨nbreen,andthe
pointP5correspondstosectionD.Iceflowisrelativelyslowinthelowerreachesof
bothglaciers,butfastinthemiddleandupperreaches,whichisinaccordancewith
thecharacteristicpatternofsurge灢typeglaciersinSvalbard[1].Inthispattern,snow
andiceintheaccumulationareaofasurge灢typeglaciercannotentirelymoveintothe
ablationareainaparticulartime.Thisresultsinagradualsteepeningoftheslopein
theupperreachesoftheglacier,andincreasesthepossibilityofglaciersurge.

5.2暋Verticalvectoroftheiceflowvelocity

Ithasbeenshownthatthealtitudeoftheupperreachesincreasesandthealtitude
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ofthelowerreachesdecreasesduringthelongquiescentphaseofasurge灢typeglac灢
ier[36灢37].Table2showsthatbothAustreLov湨nbreenandPedersenbreenpossessed
theabove灢mentionedcharacteristicsoftheverticaliceflowvelocity (Vz)in2005/
2006.Themasslossweakenswithariseinaltitudeintheablationarea,andthereis
evenanaltitudeincreaseinsectionEofAustreLov湨nbreen.

Theverticaliceflowvelocityoriginatesfromthecombinedeffectsoftheglacier
massbalance(Bn)andactualverticaldisplacement(Vz曚);i.e.,Vz= Bn+ Vz曚.
Table2showsthatVz曚mainlypresentsanupwardmotionforAustreLov湨nbreen,
withallobservationstakesbeingintheablationarea.Vz曚forPedersenbreenshows
thatthepointsP4andP5havedownwardmotion,P3hasupwardmotionandP2con灢
trarilyhasslightlydownwardmotion.Ingeneral,Vz曚forbothglaciersisinaccord灢
ancewiththeiceflowpatternthatthemotionisdownwardintheaccumulationzone
andupwardintheablationzone[38].

5.3暋VariationsofthefrontedgeofAustreLov湨nbreen

Figure7showsthevariationsofthefrontedgeofAustreLov湨nbreenin2005/
2006.Theamountofglacialrecessionisobtainedbyasfollows.Twocurvesare
drawnthrough14observationpointstoindicatethepositionofthefrontedgeofAus灢
treLov湨nbreenin2005and2006.Underthepremisethatthelongitudesofobserva灢
tionpointsareunchanged,verticaldistancesaremeasuredbetweenthe14observa灢
tionpointsonthecurvefor2005andthoseonthecurvefor2006.Todistribute14
observationpointsuniformly,thepointsS04andS06wereremovedfor2006,and
twonewpointswereaddedbetweenS08andS01.Theamountsofglacialretreatare
calculatedignoringS06,andthecurvefor2006hastobeslightlyextendedtoobtain
theglacialrecessionfortheobservationpointsS05andS14in2005.

Fig.7暋MapshowingthefrontedgeofAustreLov湨nbreen.
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暋暋ThefrontedgeofAustreLov湨nbreenrecededatanaveragerateof21.83m·a-1

(maximumof77.30m·a-1andminimumof2.76m·a-1)in2005/2006.Thegla灢
cialrecessionvariedremarkablyatdifferentobservationpointsfortworeasons.(1)
Thereisadifferenceinthereceivedsolarradiation.TheablationareaofAustre
Lov湨nbreenliestothenorth.Thewesternpartofitsfrontedgereceivesmoresolar
radiationthantheeasternpart(mainlyinthehalfyearofsummer[39]),whichleads
tolargerrecessioninthewesternpartthanthatintheeasternpart.(2)Thereisan
effectofenglacialmelt灢waterchannels.Thereislargedevelopmentofenglacialmelt灢
waterchannelsintheeasternpartofthefrontedgeofAustreLov湨nbreen,andmuch
meltwaterdischargesfromtheendofglacierandresultsinintenseretreatofthe
pointS14.TheintenserecessionatthefrontedgeofAustreLov湨nbreenin2005/2006
isinaccordancewiththeretreatattheendduringthequiescentperiodforsurge灢type
glaciersinSvalbard[1,40灢41].

6暋Conclusion

暋暋Preliminarystudiesarecarriedoutonthesurfacemassbalanceandiceflowof
AustreLov湨nbreenandPedersenbreeninSvalbard.Theresultsareasfollows.

(1)ThenetmassbalancesofAustreLov湨nbreenandPedersenbreenin2005/
2006are-0.44mw.e.and-0.20mw.e.,respectively.Theannualablationis-
0.99mw.e.and-0.94m w.e.,respectively,andthecorrespondingequilibrium
linealtitudesare478.10mand494.87m,respectively.

(2)AustreLov湨nbreenandPedersenbreenarecharacterizedasiceflowmodelof
surge灢typeglaciersinSvalbard.Thehorizontalvectorsoficeflowvelocitiesareparal灢
lelorconvergetothecentrallinesofbothglaciers,withlowervelocitiesinthelower
ablationzoneandhighervelocitiesinthemiddleandupperreachesoftheglaciers.
Themean,maximumandminimumiceflowvelocitiesarerespectively2.28,3.91
and0.81m·a-1forAustreLov湨nbreenand6.74,8.13and5.49m·a-1forPed灢
ersenbreen.Theverticalvectorsoftheiceflowvelocityshowthatthereismassloss
intheablationarea,whichweakenswithincreasingaltitudeonAustreLov湨nbreen.
Theactualverticaldisplacementisinaccordancewiththeiceflowpatterninwhich
motionisdownwardintheaccumulationareaandupwardintheablationarea.

(3)ThefrontedgeofAustreLov湨nbreenrecededatanaveragerateof21.83m
·a-1,withremarkablevariability—amaximumof77.30m·a-1andaminimumof
2.76m·a-1in2005/2006.

AllstakescurrentlyinstalledonAustreLov湨nbreenandPedersenbreenforthe
monitoringofthemassbalanceandiceflowarebelowtheequilibriumlinealtitude,
andonlyoneyearofobservationdataareavailableforthisstudy.Itisplannedtoset
stakesintheaccumulationareaofAustreLov湨nbreen,andtherelationshipbetween
thesurfacemassbalanceandiceflowofAustreLov湨nbreenandPedersenbreen,Sval灢
bardandclimatechangewillbefurtherstudiedonalongtimescale.
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