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Abstract  

Measurements of ablation and heat balance were made on Soler Glacier，eaSternSide of the Northern  
PatagoniaIcefield，fromlateOctobertoearlyDecember，1985．Ablationoficedifferedaccordingtothesurface  
COndition＿ Ablationinthedebris－COVeredzonewasabouttwicethatinthebareicezone，OWingtothedifference  
insurfacealbedo，Heatbalanceobservationsweremadeonthebareicezoneintwoperiods：thesmallablation  
peri〔〉da王1dlargeablationperiod、ThedifferentcorltributiorlSOfheatbaiancecompo11entSWereObtainedintbese  
period．  

2．Observationperiod andin5trumentation  

Measurementsweremadeontheablationareaof  
Soler Glacier，Themeasurementsitesareshownin  
Fig．1．  

1．lntroduction  

Measurements of ice ablation and heat balance 
were made on Soler Glacier，eaStern Side of the  
NorthernPatagoniaIcefield，aSpartOfahydrological  
and meteorologicalstudyin this region．The main  
ablationarea，almostflat，isabout7kmiongfrom払e  
glacierterminⅥSモOthebaseof軌eicefallsandabolユt  
l．5kminmearlWidtb▲ Åbolユt50％oft‡leicesurねce  
iscoveredbydebris．Practicailyailtheab壬ationtake  
placeattbesurfacebymea11SOficemeltingo‡1Soler  
Glacier．  

NaruseandE】1do（1967）madepreiimi王1ary mea－  
SurernentSOfablationonSolerGlacierinshortperiod◆  
KobayashiandSaito（1985a，1985b）did ablation and  
heat balance studies onthe glacier，but could not  
accomplishthesystematicalmeasurementofablation  
andradiation．  

Tbe ptirpOSe Of this stlユdy was to obtain more  
precisedataofabiatio王1andbeatbaiancecomporlentS  
Ontheglacier．Asaresult，Wefolユnd acleardiffer－  
encein ablationbetween debris－COVered andbareice  
Surface，andthecharacteristicsofheatbaiancecom－  
ponents．  Fig．1．Locationmap．  

Gl∴meteOrOlogicalmeasurement station arld abiati珊mea－  
surementsites（A2，andDl－D軋  
A］，A3仙A7：ablationmeasurementsite．  
BC：meteOrOloglCalmeasurementstationatterminalmoraine・   
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Tabiel．RestljもS Of ablatio11meaSure111en乞S by stake‡nethodI   

ty野山1：払iま】debrisく）fsmalま鱒bblessandfine sands  
type【2：patChlike offine sands   
typeq3：aboutlcm thick debris ofsands and smallpebbles   
type仙ヰ：abot止3cm thick debris of pebbles  

Ablatio‡1meaSurementSWeremadebythestake  
method．Eleven sites were maintained at various  
elevatio‡1SarldiceslirfacetypesくTablel）．Tbeob－  
servationperiodofeachsiteislistedinTablel・  
AmeteorologicalstationwassetupatGl．，about  

l．7krnup－giacierfromtheterminus，aSShownirlFig・  
1．Theinstrumentation and the results of meteoro－  
iogicaimeasure‡ⅥentSWerepreSerltedby Fukamig才  
βg．（1987）．Åirtemperature，blユmidityarldⅥrindveloc－  
ity were measured during the whole period of the  
ablationmeasurement，fromOctober20toDecember  
7，1985，Tbe radiation measurements were carried  
outontheglacierfromOctober31toNovember6and  
from November24to Nove汀主ber30．1野e anaまyzed  
the heat balance separatelyin these two periods．  
Theformerperiodwascharacterizedbylowairtem－  
peratureandrai‡1yWeather，andthelatterby‡1ighair  
temperatureandfineweather－  

くseeFig，1），Mearl，m重nimumandmaximlユmVaiuesof  
da最y ab王ationin water eqtlivaient at each site are  
listedi‡lTableま＿ 1、hevariationsintheaccumuまated  
ablationamountsatallsitesareshowninFig．2．The  
densityofsurfaceicewasassumedtobe850kg／m3．  

Åbiationamounts at eacb site vererotlg壬ily di－  
videdintotwostages，aSShowninF短．2；thefirsthalf  
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3．Ablation ofice on the glaciersurface  

Ablationoficevasmeasuredintbebareicezor‡e  
fromA2（GL）toÅ7aiongthecenteriineof仇egiacier．  
AblatiorimeaSurementS for dif‡erent surface condi－  
tions werecarried olまt nearGL；Al，Å2，arldDl－D4  

OCT、  NOV‥1985  DEC．   

Fig．2，VariationofaccⅥmuiatedablationofeachsite■   
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two zones・′r‡1is may result丘om the more rapid  
emergenceflow（anupwardcomponentofflowveloc・  
ity）oficeirlthedebris－COVeredzonet‡1anin班ebare  
icezone，tO COmpenSate琉esurねceioweriI唱dueto  
icemelting．  

wasaperiodofsmallablationrate，andthesecond  
half，thatoflargeablationrate．Thiswasascribedto  
t壬1edifferenとmeteoroi喝icalconditions（Fukamigg戊g．  
1987）．   
In general，the accumulated ablationin water  

equivalent，∑M（cm），andaccumulateddailymeanair  
temperature，∑r（ウC・day），arerelatedbytbefolioⅥr－  
1ngequa唇on：  

∑〟＝ゑぴ・∑r  （1）  

Whereゐぴisthedegreedayfactor（cm／OC／day）ITⅥ㌻O  
examplesoftherelat吏onshipbetween∑。好and∑アare  
Shownin Fig，3，Which represent good proportional  
relationships＿ Thevaluesofkwateachsitearelisted  
i‡lTablel．  

4．Heatbalance ofthe gJacier surface  

J．J．〃h〟／－′Jん〃情、川／M／／（りJ   
Torec（噂nizethecausesofal）lat主oribysllrfaceice  

melting，theheatbalance observationsⅥrereCarried  
outatGLonthegiacier．Inthispaper，WeShowed  
tberesuユtofbeatbalanceobserva仁ionint‡1ebareice  
Z（〉ne．  

Ås mentioned before，We anaiyzed about two  
periods：Novemberl5 and November 25－29．In  
theseperiods，heatconductiontothesub－Surfaceice  
iayerwaszero，beca11Seicenearthesurfacewasfilled  
bywater（00C）．Å1so，heatfromrainwasverysmali，  
COmparedwithotherheatbalancecomponents．  

て、bereわre，the heat baia11Ce equationat theice  
Surfacecalュbe writteIlaSfollows：  
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瀾十5g＋£A十¢材＝0   
腫＝5脛＋エ屋＝（1一α）Sl＋エガ  

Ⅵrbere  
腫：netradiationbalarlCe  
SR：SOlar radiationbalance  
Sl：globalradiation（solarradiation）  
α ：aibedo oficest汀face  
£忍：呈ongwaveradia扇onbalance  
Sg：SenSibleheat flux  
エA：1aterltheatfiux  
QAダ：heatused長汀icemeiting  

Valuesof瀾・and5忍（Sland（‡）weremeasuredby  
onenetradiometerandtwopyranometers．Valuesof  
Sだarld£A were caict】iated based on the supposed  
logarithmicprof主Iesofairtemperature，Windveまocity  
andwatervaporpressureinair．Theequationsused  
forcalculation were asfollows：  

良CCljmulated Aまr Temperaしure   

Fig、3．Relation of accuImlated abIation（∑〟）anく‡acctlmtト  
Iatedtemperattire（∑r） 

1、he d豆毎rencein ablation rate of eleven sites  
indicated that ablation sites could be classified into 
tbree酢OupSOfdiffererltSurねceconditions：1）bareice  
（Å2，Å3，Å4，Å5，Å6，andA7く？）），2）debris－COVeredice  
（Aま，Dl，D3，andD4），and3）intermediatesurface（D2  
andA7（？））．AblationinthedebrisTCOVeredzonewas  
abouttwicethatinthebareicezone．Thedifference  
of ablationin st王rface condition reslユ王ted たonュt壬Ie  
differencein surface albedo．However，ablationin  
the thick debris，COVered part was smaller thanin  
otherparts．Theeffeetofthedebristhicknessonthe  
ablatioTlrate WaSnOとClar呈fiedin our meas11rementS，  
Partlybecauseofsmalldifferencesindebristhickness・  

Thcrewasnocleardifferenceinsurfaceheights  
モ）etWeerl洩edebr呈s－COVered andt】っebareicezone，in  
spiteoftbedifkrerlCeintbeablationratebetweentbe  
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wbere  
p ：densityofair  
Cp：SpeCificheatofair  
k ：VOnKarmanconstant（0，4）  
7l，7L：airtemperatureatheightszland2。  
Zl：height of air temperature meas11rement  

仕35m）  
Z。：rOughnesslenghth  
L ：latent heat of sublimation  
el，挽：WaterVapOrpreSSureatheightszlandzo  
P ：atmOSphericpressure  
抗：mea‡了Windvelocityatbeiかヱ1  
忍f：Richardsonnumber  
g ：gravitationalacceleration  
AT：airtemperaturedifferencebetweenzlandz。  
△h：differencebetweenzland z。  
㍍：mea‡lairtemperat11rebetweenzlaTld為  
△ぴ：Wi11dvelocitydiffereTICebetweenzland勾  
Thevaluesof2。Canbedeterminedfromvertical  

wind velocity profiles above theice surface．To  
obtaintheprofiles，windvelocitieswereoccasionally  
measured at four heights：0．3，0．75，1．5，and2．O m．  
Most wind profiies werelogaritbmic．The mean  
vaiueofゐWaSO．0013m．1好indvelocityatbeigbtzl  
（1．35m）wasrelatedtothewindvelocityatheightl・5  
mfromtheverticalwindprofilemesurements．Since  
the2。WaSSmallandicesurface was always at the  
meltingpoint，77，ande。WereaSSumedtobeOOCand   

30  10  20  30  

Fig．4．VariationofdailymeanvaporpressureatGLandBC．  

6．11mbrespectively．  
Asshowninequation（5），Whenelissmallerthan  

6．11mb，£メまbecomes a negative heat fiux；tbatis  
evaporation．Thevariationofthedailymeanvaltle  
ofwatervaporpressureinairisshowninFig．4．The  
vapor pressure graduallyincreased around6．11mb  
duringtheobservationperiod．  

う好e examined air mass stabilityllear theice  
stlrfaceusirlgeqlユation（6ラー Mosti10uriyvaiuesof屋g  
WerefromO．OtoO．2，themeanvaluebeingO．07．Air  
WaS found to be mostlyin neutralor neaトneutral  
Stability．FollowingWeller（1968），WeCOnSidcredair  
massstabilityincalculatingSEandLA，aSShownin  
equations（4）and（5）I  

T‡1eVaiue of饉wasderived from the sl汀face  
loweringbystakemeasurementatA2．  

（MJ／m2〉  NOVりi985  
3日   

害28  
窪：  

⊃  
〔⊃  
∽1め  

1  2   3   4   5  25  26  2T  28  2g  
Fig．5．Comparison of onefullday（0－24hr）and night time（21山09hr）heat balancein two  
periods；Novemberlw5andNovember25－29，1985．Nighttimehcatbalancesareshownbetween  
Onefulldayheatbalances．   
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Table2．Components of heat balance，Soler Glacier，Novemberl－5and November2529，1985．  
Averageday   Averagenight   Averagedaily  

Heat balance 
Period  time（09－21h）   time（21－09h）   （24hrs）  

COmpOnent  MJ／m2  ％  MJ／m2  ％  MJ／m2  ％   
∧7斤   5．78  66   0．48  －13   5．30  49  

（S斤ノ   （7．16）  （81）   （0．23）  （6）   （7．39）  （68）  

佐々ノ   （1．38）   （－16）  （0．71）   （18）  （－2．09）   
Nov．  （－19）  

5g   3．03  34   2．51  66   5．54  51   
⊥〟   0．21  －2   0．55  14   0．76  －1  

15  包材   6．24  70   －2．77  －73   9．01  －83  
Totalsource   8．81  100   2．51  66   10．84  100  
Totalsink   －6．45  －72   3．80  100   －9．77  84   

入ワ？   14．89  74   －0．55  15   14．34  65  
（S尺ノ   （15．22）  （75）   （1．25）  （34）   （16．47）  （75）  

Nov．  佐々ノ   （－0．33）  （－2）  （－1．80）   （49）  （－2．13）   （10）  
5E   5．16  26   2．46  66   7．62  35   
エ月   0．15  1   0．38  －10   0．32  1  

2529  ¢几グ   －14．94  ¶74   2．77  75   －17．71  －81  
Totalsource   20．20  100   2．46  66   21．94  100  
Totalsink   －14．94  74   3．71  100   －18．03  －82   

4．2．凡獅招  
Theheatbalanceinonefu11day（Ohr24hr）and  

at night time（21hrLO9 hr）are shownin Fig．5．  
Average values of heat balance components for the  
twoperiodsarelistedinTable2．Thecomponentsof  
theheatsourceandsinkarealsogivenbypercentage  
in Table2．Since each component was derivedin－  
dependently，the absolute values of the totalheat  
SOurCe and sink did not agree．In the percentage  
Calculation，thelargerofthetotalsourceorsinkwas  
takentobelOO％．  

Thedifferencebetweenthetwoperiodsisseenin  
the heat balance components．Both the absolute  
values ofthe totalheat source and sinkin thelatter  
period werelarger than thoseinthe former period；  
especially，SOlarradiationbalance，SR，andheatofice  
melting，QM，Werelarge，OWingtofineweatherinthe  
latterperiod．  
Althoughthe averagelong wave radiation bal－  

ance，L尺didnotdiffermuchinthetwoperiods（see  
Table2），L，RwasafairlylargeheatsinkinNovember  
land20f the former period（see Fig．5）．It was  
CauSedbythelowairtemperatureandfineweather．  

Thesensibleheatflux，SElintheformerperiod  
WaSSmallerthanthatinthelatterperiod．Thiscan  
bealso ascribedtothedifferenceinairtemperature  
betweenthetwoperiods．  
Thelatent heat flux，LA，WaS Smal1，COmpared  

Withothercomponents，becausewatervaporpressure  
in air was closeto6．11mb，  
A F6hn－1ike phenomenon（Fukamiet al．，1987）   

WaSreCOgnizedintheheatbalance，fromthenightof  
November3toNovember4．Inthiscase，SEbecame  
largeduetoairtemperatureincrease，apdLAshowed  
anincreaseinevaporationduetowatervaporpres－  
Sure decrease．  

Undertheinfluenceoftheaboveconditions，the  
averagedailyheatbalancewasdifferentbetweenthe  
two periods．The totalheat sourcein thelatter  
period wasノabout twice thatinthe former period．  
Althoughtheheat source wasmainly NH（SR）and  
SE their percentages differed between the two pe－  
riods．NZe was50％and SE50％in the former  
period，WhileNHwas65％andSE35％inthelatter  
period・The value of QMin thelatter period was  
about twice thatin the for・mer period．Itis con－  
Cideredthatthesedifferenceswereproducedbythe  
fineweatherinthelatterperiod．  

5．Concludingremarks  

Ablationoficewasmeasuredintheablationarea  
OfSolerGlacier，fromOctober20toDecember7，1985．  
Ablationbecamelargeinthelatterhalfoftheobser－  
Vationperiod，0wingtothemeteorologicalcondition．  
Degree day factors at ablation measurement sites  
Were Obtained from the good relationship between  
accumulated ablation and accumulated air temper－  
ature．Ablationrateinabareicezonewasfoundto  
be abouttwicethatinthebareicezone．  

Heatbalance ofthebareice zonewasmeasured   
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in two periods：the smallablation period andlarge  
ablationperiod．Thedifferenceinheatbalancecom－  
ponentswasobtainedbetweenthetwoperiods．The  
totalheat sourcein thelarge ablation period was  
abolユttwicethatinthe smallablation period，The  
beatsot汀CeWaSmainlynetradiationbalance（solar  
radiaとknbalance）arldsellSibieheat flux．Radiative  
balanceⅥ7aS50％andsensibleheat恥x50％i‡1t‡1e  
Smaiiabiatiorlperiod，While radiative balarlCeⅥ7aS  
65％aridse11Sibieheatflux35％inthelargeablation  
p訂iod＿ Reat foriceぬeltingin仏elarge ablation  
period was about tⅥ7ice thatin tbe smai！ab王atまon  
period．   
Ina previous study ofheatbalance（Kobayashi  

andSaito，1985b），thelatentheatfluxcomponentwas  
afairlylargeheatsource．Thatwouldbecausedby  
the seaso‡lalvariation．Their observations were  
madeinmid－SummerinDecember，1983，Considering  
汰evariationofwatervaporpressl】reintbisarea（see  
Fig．4），latent beat fiux shotlid becomleileat SOurCe  
（co11densation）illmid～Summer．  

AbiationⅥ7aS CO111ParedⅥ7it‡1discharge（）f tbe  
Cac‡10River，W壬1主ch rurlS Out from t圭Ie terminus of  
Soler Giacier（Fukamiand Escober，1987）．tt was  
fo11ndthattheriverdischargevariationwasclosely  
reiatedtotheiceablationontheglacier．  
Theauthorsmeasureddownwardall－WaVeradia－  

tionintheterminalmoraine（BC），Usingthesedata，  
theiong term heat balarlCe Willbe discussedin a  
Separate paper，COntainirlg tlle difference of heat  
baiarlCebetⅥ7eendebris－COVeredandbare主ce＿  
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Resumen  

Ablacidn dehie10ybalanceenerg6ticoenelGlaciar  
Soler，Patagonia  
Desdefines（貢eOctubreaprincipiosdeDiciembre  

de1985sereaiiz6medicionesdeab王aci6ndehieioy  
balanceenerg6ticoenlazonadeablaci6nde】Glaciar  
Soler，ubicadoenelladoorientaldelHieloPatag6nico  
Norte．Loslugares de medici6n se muestran enla  
Fig．1N Parala ablaci6n se u班iz6elmさtodo de  
balizasenoneesitios（Tablal）．LaestacionmeteoTO－  
ほgicafueinstaladaenelsitioGIJ．  
Ellla Tabia2se mtleStra uれaまista de vaiores  

medios，mfnimos y m畠Ⅹimos diarios de ablaci6n en  
equivalente de agua para cada sitio，junto alねctor  
dia－grado，烏び（cm／◇C／dia）．La variaci6n dela a－  
biaci6naclユmt血daentodosまosplユntOSSemueStraen  
laFig．2．Enlazonacubiertapordetritoslaablaci6n  
era unas dos veces mayor que aquella sobre hielo  
limplO．Estosedebi6aladiferenciadealbedoentre  
ambassuperficies．  
EnlaestacionGL（zonadehielolimpio）sellev6  

acaboobservacionesdebalanceenergさtico sobreel  
giaciar paraindividtla王izarまasfuemtesde calorque  
intervienen en elproceso（まe derretimieTl拍de hielo，  
Se analiz8durante dos per富odos：de11a15de NoL  
Viembreydei25a129deNoviembrede1985．Enla  
Tabla2semlユeStraniosvaloresmediosdelos繕rmi－  
nosdelbalanceenerg6ticoparalosdosperlodos．En  
laFig．5semtieStraeibalanceenerg6ticodiario（0－24  
hr）y nocturn0（21－09hr）；donde NR es elbalance  
radiativo neto，SR elbalanceradiativo solar，1JR el  
balanceradiativodeondalarga，5Eelflujodecalor  
SenSible，£A el恥jo decalorlaとentey Q粛elcalor  
elⅥpieadoe‡1fnsiるn，Las氏ienteStOとalesdecalorerlei  
dltimo per‡odo fueronlユnaS dos veces mayor que  
duranteelprlmerper子odo．Apesarqueiasfuentesde  
Calor estaban compuestas principalmente por NH  
（Sだ）y既su porcentaje relativo vari6er110S dos  
periodos：瀾fuede50％ySだde50％enelprinler  
per董odoyde65％y35％respectivamenteduranteei  
Segundoper壬Odo，   


