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Abstract  

Tbedri食ingsr主OWCOnVergenCeisobとainedbyesそimatingthesnowdriたtransportratecausedby  
katabaticwindsontheicesheet．Theestimatedconvergenceshowedalargepositivevalueinthe  
COaStalregionandanegativevalueatabout300kmdistancefromthecoast，Whereasitisnegligible  
i11theinlaIldregionfurthertbari400km．Thelargeamot】ntOfnetaccumtilationinthecoasta王regio‡1  
Canberollg壬IlyexpiainedbytlledriftingsnovcorまVergenCeinadditiontotbeprecipitatioTlandthe  
Sljb‡主mation．  

1．lntroduction  

OntheslopeoftheicesbeetinÅntarctica，kata－  
baticwindsareformedもy払egravitationa王forceof  
cold a主r masses，and drifting snowis generated  
throughoutayear．Thisdriftingsnowredistributes  
anenormousmassofsnowalongthewindstreamline．  
Ontheconvexstlrface oftheilュiarld part oftheice  
Sheet，thewindspeedincreasestoieewardandsnow  
particまesareexportedたom琉esurねcebythediveト  
gence of drifting snow．This exported snow mass  
settles down on the concave surface where the wind  
Speed decreases．This redistributionis beiieved to  
haveaneffectont壬1ediまribtltionofnetacctlmulatio‡l．  
王thasbeenreported thatlocaimassbalanceis  

relatedclo紀Iytotbesuげacetopo許apbyofiれ1andice  
sheets（Schytt，1955；Swithinbank，1959；Blackand  
Budd，1964；Gow et al．，1972）．Whillans（1975）disv  
cu∬ed mass movelⅥent dtユe tO the drifting snowirl  
MarieByrdLand，Antarctica．Takahashi（1988）es注  
mated tbe divergerlCe Ofかi損ng snow on Mizubo  
Platealj，EastAntarctica，andattriblユとedtbecauseof  
theformationofthebareicefieldtothedivergence．   

Inthispaper，the drifting snow convergenceis  
estimated o‡1e－dimensionally on anice恥wline of  
Shirase Glacierlocatedin East Queen Maud Land，  

East Antarctica（Fig．1），and comparedwithnet ac－  
Cumuiatio11▲  

Fig．1，Cく〉ntOur mapOfEastQlユeenMa11dLand，East AlltarC欄  
tica．Dottedlines arethemainroutesofoversnowtraverses by  
theJapaneseAntarcticResearchExpedition．Dashedtine A  
represe‡ltS the 蔦ow】まne く）f Shirase Giacier used for  
Calctllationofdri餌ng＄nOWCOnVergenCe．   
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 2．DriftingsnowconvせrgenCe   

まj．撤喝裾≠あ邦ざげ払おみ戊汝押あぁ  
Katabatic winds def肥nd on surねce siope arid  

inversionintensity（e．g．Ball，1960；Adachi，1983；  
Schwerdtfeger，1984）．‡n the two－layer model，the  
Windspeedoftbeiowerlayerisdeterminedbybalanc－  
ing oftheCoriolisforce，tbefriction force and the  
gradient force of thelowerlayer，Aligning the x  
¶aXiswith thedirection ofthe maximum slope and  
neglectingthegeostrophicwinds，theequationsofthis  
modelaregivenby二  

0＝－（ゑ／ガ）Ⅴ毘＋∫〃＋g仏β／郎sinA  （1a）  

0＝」動署）y〃－／緑  （1b）  

wbereゑist王1efrictioncoe洋icient，ガistbei王1VerSion  
layerthickne∬，VistheabsoluteⅥ7indspeed，〟andが  
are x¶and y血wind cornponents，fis the Coriolis  
parameter，gis the gravity acceleratio†l，Ais tbe  
stlrf；lCeSll）pe．AeistheillVerSionintビnS恒’（thppote11－  
tialtemperaturedifferenceofthetwolayers〉andeis  
the mean potentialtemperature ofthelowerlayer・  
Thesolutionsoftheseequationsare  

V＝（馬方／射cosβ  （2a）   

cosβ＝－′2即2瑚十㈲ （2b）  
whereBisthedeviationangieofthewindfromthe  
ねl＝油eand馬（汰egradientforce）＝g（A針のsinA・  
ÅtMizuhoStation，tbeannuaimeanwindspeed  

wasll，1ms‾1andβwa＄about450，月＝4×18‾3a11d  
′＝¶1．387×10－」4s】1．Tberefore，為isgivenby2・18×  
10【3ms…2andゑ／ガisl．25×10‾Sm▼1bysolvingeqs，  
く2a）and（2b）．Sincetbeannualmeantemperatl汀ein  
1982was鵬33，30Candkisassumedtobe5×1O仙3，ム8  
is13．3K and His400m．From these values，the  
relationbetweenwindvelocity V andinclinationA  
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Fig，3，Month1yinversionintensity from February，1982to  
January，1983，Trianglerepresentstheinversioni11tenSityat  
Syowa Station obtained from theaerolog圭ealdata・Square  
repre紀ntStbeintens揉yatMizuhoStationobtained如〉mtbe  
windspe感andtemperattlrebyeqs．（2a）and（2t〉） 

with thesameinversionintensity was obtained arld  
sboⅥrninFig．2，Where yisnormaiizedbytbeⅥrind  
speed at Mizuho StalionlL，The witld speビd d；1ta  
obtaiTled at various siopes on Mizubo Plateau by  
‡noueetal．（1983）agreedwiththisrelationasshown  
inFig．2．  

However，thereareseveralproblemsinthecoaw  
stalregion．One of theimportant problemsis the  
localityofinversionintensityL‡fthe△eof13・3K，  
obtainedatMizuhoStation，isconstant everywhere，  
tbean‡lualmeanwindsp氏disestimatedtobeabolユt  
25msYlatthecoast，Whichistoolargeandapartfrom  
thereality．Therefore，theinversionintensityshould  
bemoresmallattbecoast．AtSyowaStation，iocaト  
edonPrinceLOravLl（1こISt．themonthlyi11VビrSioninten－  
sityin1982wasobtainedfromthedi挽rencebetween  
tbe surface potential temperature and the potential 
temperatureextrapolatedfromtheaerologicaldataat  
thelevelof850mband700mb，Whereastheintensity  
atMizuhoStationwasobtainedfromthewindspeed  
andtemperatuTebyeqs．（2a）and（2b）withthegiven  
value of A，よゑa‡1dガ．As sbownin Fig．3，tbe  
seasonaivariationsofinversionintensityatthetwo  
StationsⅥrereSimiiar，butitsa‡lntlalmea11SWereVery  
differe11t：1．7K at Syowa Station arld13，6K at  
Miz血o Statio‡l，T壬1erefore，aSSlimlngalinearityto  
a㍑itude，払eannualmearlOfinversionintensityatthe  
altitudeofh（m）isgivenfromthevaluesatthetwo  
Stations as  

△β＝1．7＋0．00534九  （3）  

Fromtheseeqs．of（2a），（2b）and（3），thearmualmeanof  
katabaticwindspeedatanyaltまtudecanbeestimated  
fromitssurfaceinciinationandaltitt主de，   

5  xlO‾3  10  
INCLINA T10N  

Fig．2．RatioofwindspeedtothatofMizuho Station，V／V；  
andthe deviation angleofwinddirectionBasa function of  
surfaceinclinationobtainedfromeqs、（2a）and（2b）．Solidcircles  
aretheratiosqtiOtedfromInoueg才αg．（1983）・  
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theoreticalprofile，tbedrifting snow corlVergenCeis  
Calculated，aSShowninFig．5．Comparedwiththatof  
the rt－alpt・し1filビSht一＼＼・ninFig．l．the variati（1n〔一f the  
COnVergenCe alongtheflowlineisconsiderablylarge：  
alargevaltleOf500mma－1wasseenatthecoast，and  
alarge negativevalueofabout M250mm a‾1was  
aroundthealtitudeof2000m．   

ユニ了7汀l明J一丁／血＝イ正巾狛昭〃研ぐ ■（り什‘一昭t…－t，  
AtMizuhoStation，Takahashi（1985a）obtaineda  

snowdrifttra11SpOrtratefromMarcb1982toJanuary  
1983byintcgratingsnowdriftfluxfromthesurfaceto  
a height of30m．The relation between the drift  
transportrateq（kgm－1day1）andwindspeed V（m  
S．1）atlmheightwasasfo1lows，  

ヴ＝6．2×18‾Z y‾象17，  （4）  

TheannualtransportrateatMizuhoStation仏  
wasestimatedas3×108kgm‾エa▼1．Fromthisvaiue  
andeq．（4），theannualtransportrateO（kgmwla．1）at  
acertainpointwithwindspeed Vcanbegivenby  

¢＝G（Ⅴ／坑）m  （5）  

wheremis5．17andlちistheaveragewindspeedat  
MiztlhoStation，11．1ms十   

Ifthealtitudeoftheicesheettopographyvaries  
oniywitbズーaXis，tbedriftingsmowconverge†lCeCan  
begivenbythedifferenceinthex－COmpOnentSOfthe  
tra†1SpOrtrateattWOdifferentpoints，1and2，along  
∬⊥aXIS：  

conv¢＝（Gcos昂－Q≧COS筏）／△エ  
＝弘（（Vl／V。）耶cosβ1一く坑／坑）れcos哉．〉／△£，  

（6）  

whel・e△£is払e壬10rizontaldistancebetweentbetwo  
points，andBland昆arethedeviationanglesatthe  
twopoi11tS．   

ユユJ呵岬哩・抑Ⅲ・（、り〃！＝P川（・ぐ‘Jわ岬‘・り7州▼〃〃‘、〃一  
三過言7視SβG由cゐγ  

Nishio et al．（1984）examined theice sheet  
profile alongtheiceflowiine of Shirase Glacier  
showninFig．1．On thisprofileinthelengthof800  
km，thedrifぬgsnowco研ergenCeiscalculatedbyeq）  
（6）inagriddistanceof25km．InFig・4，thecalculaト  
edconvergenceisshowntogetherwiththecalculated  
windspeedanddeviationangie．IntheFigure，theunit  
ofconvergenceis converted from［kgmL3alinto  
［mm a▼1］：the waterequivalent・The convergence  
isabout250mma‾1inthe coastalreglOnat25km  
distancefrいmthecoasしilndabout一15OmmaJLIwith  
some deviationinthemiddlepartoftheicesheetat  
about300km distance，arOtlnd the altitudeof2000  
m，Whereasitisnegligible ontheinlandpartofthe  
icesheetfurtherthan400km，above thealtitudeof  
3000m．Thisresultindicates thatdrifting snowis  
redistributedfromthemiddlepartoftheicesheetto  
tileCOaStalregion．  
Alongthesameflowline，Nishio et al．（1984）  

obtained atheoreticalprofile of tbeicesbeet by  
Weertman’s equation（Weertman，1961）．On this  
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Fig．4．Driftingsnowconvergenceonaprofileoftheice sheet  
alongtheflow】ineshown壬n Fig，1．Tbewind speed y，tbe  
deviatiorlangieβandi（：eSheetprofilefortbecalcula血nare  
Showntogether．Theicesheetprofileis quotedfromNishioet  
【7／．廿財制．  
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Fig．5．Driftingsnowconvergenceonthetheoreticalprofile of  
軌eice＄h配tCalculatedwitbⅥreertman’sequatiorl（Nisbi（）g～dg．，  
19瑚 alongthesameflowlineinFig．1，with windspeed V，  
thedeviationangleB andtheicesheetprofile．  

3．Discussion  

ユJ．∧1，／r7【・（てJ川JJん〟J（り～（1〃．けたJ√JJ（1J）畠／川J′  
At Mizuho Station（2230m above sealevel，250   
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ノブ．ユJ）亘／〃〃g∫〃州・（・（川Jりぎぐ〃汀り〃‘一＝丸竹汀症Ⅷり別項／l・  
〆〃甘ん、（、∫／汀lイ   
In the theoreticalprofilegiven by Weertman’s  

equation（Weertman，1961），thedriftingsnowconver－  
genceshowed a considerablylargepositivevalue at  
thecoastandlargenegativevalueatlOOkmdi＄tanCe  
from the coast（Fig．5）．Thelarge positive conver－  
genceiscausedbythedecreasingofkatabaticwind  
speed owlng tO theinversionintensity decreasing，  
whereastben喝ativeconvergenceisderivedfromtbe  
co汀VeX tOpO訂apby ofthe profile，TIlis systematic  
dependency of dr壇ing snov conYerge王1Ce On tbe  
topographicprofiletendstomaketheprofiiesmoot主1，  
anda‡10therequilibri11mprOfi王eshouldbefomedafter  
alongperiodoftime．Hence，themodeloftheequili－  
brium profiles oftheice sheet should takeinto ac－  
COuntthceffectofdriftingsnowconvergence．   

ユ3．伽抽〝ば加納β如由ぬJね紺玩d gヴ〝α如乃ぶ  
Thereareseveralproblemsinthekatabaticwind  

equation＄Ofeqs．（1a）and（1b）aswi11be described  
below．  
恒ノJ机リブんJ／り7〃  

Parisband Bromwichミ1986）assessedtheinerぬ  
termofu∂u／ax，Whichwasneglectedontheleft－hand  
Side of eq．（1a）by the assumption of homogeneous  
flow．By their assessment，the ratio of theinertia  
term to the gravitationalforce exceeds O．25at the  
distanceoflessthan75kmfromthecoast，Whichhas  
analtitudelowerthanlOOOm，Wherethesolutionfor  
homogeneousflowisnotvalid．However，Sincethe  
negativeconvergence（divergence）inthemiddlepart  
oftheicesheetisnotaffectedbythisterm，theinte，  
grationofconvergencea主ongtbecoastal幻owlineis  
ⅥnCkanged，andtllerefore，theconvergenceisdispers－  
edonlyinawidercostalregionbytbeterm．  
rわJ77J／t★〃l、∬〆／J…げ高明／中り■  
TheinversionlayerthicknessH wasassumedto  

be constantinthe katabatic wind equations，butis  
expectedtochangelocally．Onepossibleassumption  
isthatthethicknessisinverse towind speed：H＝  
筏ti，／V，Where」払and VLarethethicknessandwind  
Speedatareferencepointrespectively．Thisassumpr  
tion satisfies the continuity equation of the lower 
layer．Bytbisa岱umptio‡l，thefrictionforceispro－  
po托ionaltothecubicofⅦindspeed，andthevariation  
ofwindspeedvithirlClinationisexpectedtobesmall  
compared with the solution of eqs，（2a）and（2b）．  
Thissmallvariationofwindspeedmakesthemagnl－  
tudeofconvergencesmall．   

1500  
Elevation（m）  

Fig．6．Annualnetaccumulationby the snow stake method  
alongRoutes S and Hin1973（solidlines）and1974（broken  
lines），quOtedfromYamadaetal．（197軋  

km away from the coast），the net accumtllation of  
about70mm a‾1（Narita and Maeno，1979）ismuch  
Smailer汰an tbe sum oftile arlnualprecipitation of  
abot】t200mma‾l（Kobayashig才dgり1985；Takabashi，  
1985b）alldtbesublimatiollOf…50mma■l（Fujiiand  
Kusunoki，1982；Takahashi，198乳Takahashi（1988）  
explainedthisdifferencebythenegativeconvergence  
（divergence）ofdriftingsnow．In Fig．4，thesimilar  
negative convergenceis seen around the altitude of  
Mizuho Station，althoughthe flowlineis different  
from that ofMizuho Station．  

Yamada et al，（1978）obtainedthenetaccumula－  
tion on Mizuho Plateau by the snow stake method  
alongtwo Rotlte Sand H（Fig．軋 They stlggeSted  
tbat the sig11ificant dif良rence of rlet aCCumuiat呈on  
betveenthetvoRoukiscausedbytbedifferenceof  
katabaticvindspeedduetotbesurfacetopograpIlyOf  
theicesheet．Thissuggestion meansthedifference  
Ofdriftingsnowconvergenceduetothetopography．  
Assuming the snow density of600kg m．3，a  

generalviewofFig．6indicatesthatthenetaccumula－  
tionsofthetwoRouteshavealargevalueof200mm  
aMlto300mma＋latthe altitudebetweenlOOOmand  
1500m，anddecreaseswithaltitudetoasmallvalueof  
O to60mm a．1at the altitude of2000m．Since the  
PreCipitationalldthesubiimationarenotexpecteく王to  
VarySOmuChwi払払ealtitudecIlangefromlOOOmtく〉  
2000m，tbevariationofnetaccumulationintbiscoa－  
Stalregionisexplainedmainiybythedriftingsnow  
COnVergenCe Shownin Fig，4，Which has a peak of  
about250mm．  
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netaccumulationinthecoastalregioncanberoughly  
explainedbythepositivedriftingsnowconvergencein  
additiorltOt‡1epreCipitationandtbesublimation．  
Tbe dri氏ing snow convergence depends on a  

Curvature Of topography：itis negativein convex  
topography and positivein concave one．This sys－  
tematic variation of the convergence on a profile  
Shouldhaveaneffectonitinalongperiod oftime．  
Tbiseffectof汰edri食illgSnOWCO‡lVergenCeShouldbe  
takeninto account when a tbeoreticalmodelof tbe  
equilibriumprofileofanicesheetismade．  

†（、ノナノ川げ山川／JJ／ぐ〃∫巾  
Thepositiveconvergenceofdriftingsnowinthe  

COaStair喝ioniscauseくまbythedecreasingofkatabatic  
wind due to払e weakening ofinversioriintensity．  
Therefore the variation ofinversionintensityisim－  
portantforthecalculationoftheconvergence．Inthis  
paper，theinversionintensity at an altitudeisgiven  
fromtheintensitiesattwoStationsbytheassumption  
ofali‡learityto altittlde．HoⅥreVer，tbeintensityis  
controliedt〉ymanyOtberfactors：Windspeed，Surface  
COndition，thicknessoftheinversionlayerandespec・  
iallytheradiativecondition．Itisnecessarytosimu・  
1atetheinversionintensityby a heatbudget model，  
altholユgh the procedureis complicated．Otherwise，  
tbeinversionintensitysbol】ldbeobservedextensively  
atvariouspointsontheicesheet．   

ユ・J、（rJJヾ〟JJ川J晶〃（イか抑相川－W  
Toobtainthe driftingsnow convergenceby eq．  

（6），thedrifting snowwasasstlmedtobesaturated．  
‡f tbe neとaccumulaとionis p（）Sitive，tbe sl汀ねceis  
generallycoveredwithloosesnowparti（：1esandthese  
particlescanbealwayssuppliedfromthesurfaceto  
theair，thenthedriftingsnowissaturated．However，  
On a bareiee surface or a glazed surface，the net  
acctimuiatiorliszeroor：negativebystlbiimationa‡ld  
diverge‡】CeOfdri食i11gSnOW，andnoloosesnowpar－  
ticles are available from the surface except for the 
OCCaSion ofprecipitation．Inthis statc，the drifting  
SnOWisunsaturated andtheequations arenot valid．  
Fortheconvergencetakingaccountoftheunsatura－  
tion，anOtherpossiblemethodistocalc11latethesnow  
transportratealongatrajectoryofkatabaticⅥrindby  
Checkingwhether the surface can supply snow par－  
ticles or not．  
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