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Abstract  

Wehaveatlal〉－Sビdali【11ビntationt：O‖ditionsandmainfeaturesいfthereginleOfmassexchangefor  
SOmegiaciersinTienShan，Pamir，SoutbEastTit）etandNorths壬opeofHima】ayas（Fig－1）．The  
analysisusedexpeditionarydataandlong－termrCCOrdsfromGolubina，Tuyuksu，Inilchek，Fedchen・  
ko，Abramova，Urumc軋HailotlgOuandXixibangmaglaciersandstandardmeteorologicaldatafrom  
36stationsin払eregion．Glaciaもion主ntbeseperipberaまareasofCentralAsiaislessbaiancedaild  
respondsstro11glytocl圭maticc壬1angeS．Atthesameti‡ne，eaCbof血esemolユntainareasbasitsown  
SpeCiぎicglacioc王imaもic（：Ondi唇onswhi〈：bdepe主idontheorograpby，1atitudeandre如ivelocationintile  
CentralAsia mountain system．Most of the glaciers studiedin this work have a trend towards  
degradationofglaciationinCerltralAsia．  

ShanisitsIocatioIIWithinthezoneofthesubtrl〕Pkal  
jビt StreaminJune to August（Djan、1987）．At the  
Same time tbe northem jet stream movesinto thi＄  
region；lnd111ビrgeS＼l▼ith th亡ISubtropicaljet slream．  
Wbichaccordsforheavysummerrainね1is．  

DtlringexpeditiorはryaCtivi七重esまnJuly－Aug㍊St  
1989 and199O o11the CentralTien Shan＼＼，e made  
asse∬mentSOft王IeatmOSpbericmoisturei王ュdifferer呈t  
glこICiこIti川1ZOneSOfCビ11tralTieLnShan：int11ビabla†iotl  
ZOne（2800w4000maititudesealevel），attheaverage  
altitudeoftheeqlユ以briumlinepositiorl（4000－5000m）  
and at firn fie呈ds（5000－和泊 汀亙 S融頑es Ⅵ㌢ere  
takenfrom2mabovethesurfaceateachobservatまon  
POillt．The（：し）IICentrati〔ln uf trititlm＼▼こ1riedilt the  
ablationzonefrom50to150unitsduringtheobserva－  
tion period．Above 5000 m the concentration of  
tritiuminatm（〉Sphericmoistureoftbestlrねceiayer  
Variedfrom600to1300units．T壬Ie駅highconcentra）  
tiol10ftritiunlmight be assot：iatedⅥ・itll止epビnetra・  
tionofstratosphericmoisturethrougharuptureofthe  
tropopause during the passage ofjet stream atmか  
Spbericfronts，OrWitbsoIⅥeOtbernattiralphenome‡iaナ  
including heliophysicaior肥S．TIle preまiminaryisoサ  
tope ana王ysisbassbownthat atmosp壬1ericprecipit孜｝  
鮎n，0Ver払eperiodofobserva扇onsintberegion，is  
associate（王wi払western（Atla11tic）moisturetransport．   

1．lntroduction  

Themainpt汀pOSeOftbisinvestigationisassociat－  
edwit王IStudyoftbedy‡lamicsofmolユntainglaciation  
SyStemSin contemporary conditions，their changes，  
andtbeforecastingofpossible trendsinvariolユSClト  
matic regiOnS Of CentralÅsia．To resolve払ese  
questionsvebaveobtainedquantitativeestimatesof  
presentvariationsinthemainglaciersmassbalance  
COmpOnentS Which takeinto account thelong term  
fluctuationsin generalatmospberic circulation．In  
tbisworkvewouldlike紬recordsomegenerai短a－  
turesthat wehavedetermirled duringexped主t主onary  
activitiesa11dtbrougbtbe ana‡ysis ofthelong term  
meteorologicaldataat36stations（Fig．1，Tablel）．   

2．Northern Periphモry  

On theL NORTHElモN PERIPHERl’いf CビIltral  
Asiathemainfactorsdetermlnlngtheglacierregime  
areinteractionbetweenthestronginfluenceofsouth  
－WeStbrancboftheSiberiaanticyc王oneandcon流Iu－  
OuSiy west cyclon主cinteraction．王n summer，the  
nlこ1l‾ginsofTienShaTl；u－eunderthehlfLut｝11CtIOf＼＼丁こ1rI】1  
air masses coming from deserヒS Of CentralAsia  
（Aizen，1990）．One（〉fぬepectlliarfeat11reOft王IeTien  
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Fig．1．Themap－SCbemeofCentralÅsiamountainregio一重S：トFedcbenkoglacier   
（CentralPamir），2¶basinofAla－Archariver（KirgizAlatoo），3wbasinofTuyksu   
river（ZailiyskyAlatoo），4－PobedaKhanTengryglacialmassif（CentralTien  
Shan），5－UrumchiNolglacier（EastTienShan），6－glaciationofXixibangma   
massif（NorthHimalayas），7山glaciationofGonggamas＄if（South－EastTibet）－  

Tablel．Descriptionsofmeteorologicalstations．   

Region  No Name H，m Yearofもe如ning  
野田tTienSllan 2（〉．Cbatkai   1937 1932  

21．Ångren  2286 1930  
22，Ta洩kent  477 1872  
23，Pskem  1256 1932  
24．ChaarTash  2748 1960  

No血TienShan 2．Prjevalsk  1716 18狙  
10．励地軸r 3780 1957  
11．Baitik  1579 1914  
12．Ala Archa  2945 1958  
13．Cp加ゎ那g由d〝 3440 1958  
14．TuyaAshy（North）3225 1958  
15．Novorossiyskaya1510 192（；  
16．Ala Be王  3213 1960  
17，Mindjilki  3017 1936  
18．B．蝕職ati脂k舵0託rO2110 1931  
19，秘gあ（滋r 3440 1946  

EastTien Sbar18，Ummcbi  918 1940  
9．拗潤痴斎g紘施j3588 1958  

Cer玉江alTienSbanl．TierlSban  
3．NariI1  
4．Koi重y  
5．C壬10nÅsわu  
6．Ak Sai  
7．ChaterKui  

Pamir  25．旅舶㈹如g由壷γ  
26．Aム招珊0ぴαg由血γ  
27．Anzobpass  
2臥Horog  
29．Cara Kul  

SouthEastTibet30．Kangding  
31．Shintua  
32．Tongen  
33．Ludi叩  
封．Hail（－ugt）l】  

No托hHimalayas35．Tingバ  
37．Nyalam  
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Precip主ねtionw壬衰c王Imightbecausedbyt壬Iepeneもra－  
tionofmonsoons丘omtbePaci銭candIndianOceans  
hasnotbeendetected，pOSSiblybecau蛍Of払ei11Slユだト  
Cientob＄erVationperiod．  
Onthebasis〔）flongtermdata（196O－199nfrom  

meteoro】ogicalstations．ヽVe111；1yeXplainthedistribu・  
tionofprecipitationonTie！1ShこIllh1ts．lnthevalleys  
OfWest atldNorthwest TiellSh：mMts．，PrビCipitatiotl  
OeCurSduringwinter．＼＼・hileinCentralandEastTie11  
Shan Mts‥Wintt？rPreCipilationaccotlntSforot巾p8－  
1O％ of the annualtotal（Fig．2A）．In sprin軋 the  
precipitationmayspreadtothegiacierzoneofNorth－  
WeStTienShan．BytheendofMay500－1000mmof  
SnOWlayermaybe accumulatedhere．Atthesame  
time on the East Tien Shan Mts．80，85％ of the  
annualprecipitこ1tion falls during summビr．We can  
aまso see洩at annualpナec主pitation decreases from  
WesttoEastandかomNolサthtoSouthaIlditsincrease  
Witb aititude and displacemerlt time maximum，  
Changes打om winter to summer．The cbangeirl  
periodofmaxi汀IumpreCipitatiorliscat‡Sedbygradual  
Weakeningofthewinteranticyciorlicactivity，aTldits  
influeneeonth（、WeStnlOistureL：arryitlgStI■ビa111SiTlthe  
Spring▼h・‖Summer SeaS珊．Tbe siope orieIltatiorl  
t（1≠・ardsthenlai11mOist airmassesallddista11Cefrom  
Or喝rap壬Iicalcentresin幻uencetbeaititudinaldistribu－  
tionofprecipitationisrepresentedontheFig．3－ At  
thesamビtimetheprecipitatio11increasewitha）titud（ゝ  
is disproportionalfor aIIstudied regiotlS．On the  
NorthandWest TienShanthemainmt）isr；lit・Stt・e；ll11S  
areI11爪▼illg30州111こInd50㈹nlaltittldぐS．CauSil唱  
differeLnt Prビ亡ipitationdistril）uti〔）n throughthestL；lltト  
毎des Fig，4．Tbe precipitation typeisstrongly as－  
SOeiatedwith；lirtempeT’atureinsummer．According  
to curveS Of rain or snowfallprobability（Fig．5A），  
receivedfortheglacialareasofNorthTienShan（23  
yearsofobservationonGolubinaglacier），theliquid  
precipitationoccurswhenairtemperatureareabove5  
8C．Tbus，rainfallisaveryrarephenomenonatthe  
higher eqしIilibriumline，llowever heavy rこIinfa11at  
the ablation zunein＼Vest and NorthTien Sh：ln rakps  
piacetⅥrOOrtbreetimes血riれgSummerarldgreat王y  
increasestheablationproces＄Onthe‡ocalglaciers，  

For analysis of main abiation componerltS We  
COnSider the temperature as＼Vellassolar radiation  
and evaporati（）rL According to expeditionary meaN  
surements at diIferent altitudes in the Central Tien 
Shanduring3years，and23＜yearSintheNorthTien  
Shan，it was established that the typica王feature of  
temperatt汀ereglmeis軌esmai王rangeoftbeairtem－  
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Fig∴；．ThビL：hこIngeSOfl）ret：ipi【atiい11WithこIltitudethr（－ugh－  
outOctober－Marc壬1underthefixed values（）fd豆stance   
uptoorographyca】cenとres（夏一－）・  

peraturegradientovertheglacialsurface一‡nCentral  
and NorthernTienShanitsvalueisaboutO36－OA O  
C／100m，becauseofkatabaticwindsinf】uences．  

Onthebasisoftheexpeditionarydata，including  
gradientmeasurementsofairtemperaとure，bumidity  
and＼l’indspeed．thevaltleSOfeヽ‾apOrati〔）nandconden－  
Sation flo＼＼▼S＼＼・ere ealculated and mビaSured b〉T the  
Weightmet壬10d（Åizeng夏αg．，1991）．AisoナOnthebasis  
Ofexpeditionarydata，al‡componentsofheatbalance  
duriTlgSummerabtationperi（1dwet・eCalculated（Table  
2＝Aizerl，1987；AiヱenandAize‡l，1993）．Thetypical  
PeCt11iarity forglaeialregions of North peripher）ris  
COmPenSationbetweenevaporationandcondensation  
fromglacialsu［・faee．   

In the North Tien Shan the heat of turbulent  
exchangeisequa王1edユ5％（KirghizkiyA王離00）inthe   
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Table2．Averagecomponentsofthebalanceduringme】tingperiodcorrespondingtoperiodofexpeditionaryactivities．  

B   ％   P†   ％  LE  ％  lW   ％  Montb  Years  
Region                       MJml：血「－  MJm◆÷dユナ★i  MJm◆2day▲l  MJmサ：d叶＋l  of  of  

observat．    observat．   
C∴TienS壬Ian  8．5  96  0．4   4  －0▲6  7  w臥3  93  ⅤⅠⅠⅤⅠⅠⅠ  1989・90   
N．TienShan  9．3  85  1．6   15  －0．8  7  －10．1  93  Ⅴ－ⅠⅩ  1958・92   
S－ETibet   3．6  45  2．8  35  ＋1．6  20  ー乱0  100  ⅠⅩ－Ⅹ  1990   
N．Himalayas  2．4  86  0．4  14  －1．6  57  鵬1．2  43  ⅤⅠⅠⅠ－ⅠⅩ  1991   
Bistotalradiationbalance，Ptisturbulentheatfluxes，±LEheatfluxesconnectedwithwaterexchange十COndensa・  
tion仙－eVapOration，IWisheatusedformelting．  

T壬Ie detailed description ofcalculationsby tbis  
equationisreprese11tedinAizen11987）andAizenand  
Aizen（1993）．Itisinteresting to not亡L that at the  
altitudeoftheequilibriumlinethesummerairteml）er，  
ature on the CentralTien Shan，aS Wellas on the  
CentralPamir，hasnegativevalues（Table3）．This  
i11ustratesthemainlyradiationcomponentofmelting  
of this area，Whichis proved by the quantitative  
estimations：On the C．Pamir and C．Tien Shan the  
radiationcomponentinheatbalanceisequalledmore  
than90％（SusloveiaL，1980；AizenandAizen，1993）．  

Analysisofsummerairtemperatureandannual  
precipitationspace－timeoscillationshasshownthat  
allrunshave a series of synchronous short periodic  
Variationsofprecipitation and air temperature（Fig．  
6）．This periodicityis expressedininterchange of  
aridorhumidyears．Itisinterestingtonotethatthe  
natureofprecipitationand airtemperatureopposite  
runOnthelargeterritoryofTienShan．Theincrea＄e  
of air temperature is generally accompanied by 
decreaseofprecipitation（Table4）．Thispeculiarity  
is result of frequent spring and summer snowfalls，  
influencingthetemperatureregimeinthenivalgiacial  
ZOne．Accordingtodatareeeivedfrorninstrumental  
measurements from the meteorologicalstatiL）nSOVer  
thepastlOOto2OOyearsthemeanofail－temPerature  
in Nortb Tien Sban bas risen8．90Cin summer and  
annualprecipitationhasdecreasedlOOto150mmon  
theNorthTienShan（Fig．6A）．From1890until1990  
thecurveSWereCalculatedfrominstrumentalmeteoト  
0logicalrecords，and before1890 by the dendro・  
ChronologicalanalysesoftreeriTlgS．Forsummerair  
temperature estimates the Turkestanian cedar  
Uun砂enLS7brkesぬnica＆）m．）andforannualprecipi・  
tationtheTienShanfirtree（鞄ea5th柁nk由na馳k．  
et鞄）weresampiedintheforestbeitattheheights  
Of21OO－28OO nl（Aizen and SoIomina．1993）．  
According to tbe main received components of   

CentralTien Shanitisnot more than j？ム（Table2）．  
Therefore fhe rneft regime is determined rnainly by 
solar radiation．Soitis better to calculate the melt  
andruTIOffthroughthesolarradiationdata（1）c・r tO  
use air temperature with differentiation of weather 
types（2…3）．   

CentralTienShan：  

l仇ニ1．59・10‾3・［23，9・Q（1－A）］1・68  （1）  

Where昭isdailyvalueofsnowandicemelt，Qisnet  
Shortwaveradiation，Aisalbedo．  

1ヰ1・り川射1珂＝12．1十12．5T wheIlr＞（）．9’C  （2）  

勒（AらC。）＝40．0十4．6ア wbenア＜0．90C （3）  
Where 軌輌Cw），mmis the melt during warm anti－  
CyCloneandcyclonesweathertypes，仲；（Ac，Cc）lSmelt  
duringcoldtypesofweather．   

NorthTienShan  
一64●γ＋0■87血Tト1■40C 

桝ニi （4）  

when71＜…l．が℃  
Where Tisdaily averageairtemperature．  

TheseequatiollS．aSWellas the values ofgradi－  
ents ofthe temperature，SOlarradiation parameters  
andprecipitation，Werepreparedonthebaseofexpe－  
ditionary activities andlong term meteorological  
information．Throughthecalculationofmeltingthe  
elevation，anglesandaspectsweretakenintoaccount  
inequation（5）．  

仏㈱擁）＝q細咄・i私s，印・［sin（α）］＋cos（α））（5）  

WhereQi．5。抑isnetshortwaヽ▼eradiationonthesIope  
OfN，S．E．Wexposition．Kisthecoefficientofrecal－  
eulationtakenafterRusi11（197g）．αisangleofinclina－  
tionofslope．  
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Table3．MainstatisticalindexesoftheCentralAsiaglacialsystemsregime．   

No Glacial  Prevalent pO Sg HhTHI  Ts，OC  P，，mm  He．l．，m  B，g／sm2  
SyStem aSpeCt N．I．km2 m ave．0・min．max ave．0・min．max．d ave．q min．max．ave．q min．max．  
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0．8 3．6 697127 3921058 5 3848120 3560 4220 －15．032－110 52  

2．C．TienShan W  一1．8 0．4 －2．7－0．6 840 61 708 988 6 4476 47 4416 4646 －31．813 －47 16  

－0．2 0，9 －2，0 2．11192 284 728 2060 3 4780186 4338 5187 －41．0 78－207150  

4．9 0．7 2．16．2 22071101758 2149 6 5200171娼39 5647 －9．9 49－123 99  

2．4 0．4 1．7 2．9 558 94 436 9018 5900 84 5700 6300 3．4 27 －84111  

3．C．Pamir  N   38   

4．S－ETibet E，S－E 29   

5．N．Himalayas N  28  

中上aVeragemeanOfglacialsystemlatitude，Sg－areaOfglaciationsystem，Hh－H．－upperandlowerlevelsofglaciation，Ts－meanS  
Ofsummertemperatureattheequilibriumline，0・－Standarddeviation，Pr－annualpreclpitationattheequilibriumline，He．．．－pOSition  
Ofequilibriumline，BmaSSbalanceglacialsystem，d－mOnthofprecipitationmaximum．  

Table4．Correlationcoefficientsofregimeindexesin  
glacialsystemsofCentralAsia．  

because of compensation between evaporation and  
condensationhere．  

According to calculations all glaciers have a 
negativemassbalanceonaverage．Thehighestval－  
uesofnegativebalancearetypicalofglaciersystems  
intheNorthernperipheryofCentralAsia，eSpeCially  
for Pamir（Fig．7），Where glaciation conditions are  
determined，tOaCOnSiderableextent，bytheinfluence  
OfAtlanticair．Atthesametimethevariabilityof  
themassbalanceandtheequilibriumlinepositionfor  
CentralPamir are the greatest（Table3），Whereas  
greateststabilityofthesecharacteristicsistypicalfor  
CentralTien Shan．Consequentlyit proves thatthe  
OutlyingareasoftheCentralAsianmountainglacier  
SyStemSareSubjectedtoclimaticchangesmoreinten－  
Sivelythaninternalones．  

During26yearsofsynchronousobservationsthe  
balancemasssignwasthesameontheglaciersCen－  
tralTuyuksuandGolubinin85％ofcases；Golubina，  
Inilchek and Tuyuksu，Inilchekin69％ of cases；  
Inilchek，Urumchiin 85％；TuyuksuLUrumchiin  
50％；Golubin，Urumchiin69％（Fig．7）．Highsyn－  
chronous changes are typical for mass balance of 
CentralTuyuksu，GolubinandInilchek，UrumChiNo．  
1glaciers．Thetwo firstglaciers are onthe North  
periphery of Tien Shan in the zone of temperate 
precipitationwithasprlngASummermaXimum．The  
twosecondglaciersareinzoneofinsufficientpreclpl－  
tation with a summer maximum．The similarity of  
allglaciersisdeterminedbythedominantroleofwest  
andnorth－WeStatmOSphericflowsovertheTienShan．  
The quantitative and qualitative differences are as－  
SOCiated with geographicallocation ofglaciersin  
mountainsystemsandspecificmorphology．Accord－  
ingto（Fig．6）thedecreaseinprecipitationquantityis   

Glacial  
SyStemS  Ts／Pr Ts／He．1． Pr／He．1．  
N．Tien Shan  
C．Tien Shan  
C，Pamir  
S－E Tibet  
N．Himalayas  
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T冨－Summerairtemperatureattheequilibriumline，P，  
－annualprecipitation，He，requilibriumlineposition．  

mass－balance（Table3），We Calculatedtheindex of  
mass－balanceforallstudiedglaciersduringtheperiod  
wheninstrumentalrecordswereavailable．Thenear－  
estmeteorologlCalstationswhichcorrelatewithcor－  
respondingglaciersorglaciationareawereselected．  
Theprincipleoftheselectionofstationswasthevalue  
Ofthecorrelationcoefficientinthecharacteristicsof  
summer air temperatures and annual precipitation 
between glacier and station（notlesser than O．68）．  
Forcalculation ofmass－balanceindex（1bt）equation  
（6）wasused：  

ん＝［j㌔。＋γ（♪）・（月去ムー月云）／100］  
－［A〟。－γ（α）・（払ムー筏）／100］  （6）  

Where j㌔。is the annualprecipitation（October－SepT  
tember）onthelevelofthemeteorologicalstation，γ¢ノ  
andγ（りarethealtitudinalgradientsoftheprecipita－  
tion and ablation determined through the results of 
fieldstudies，筏andLLLarealtitudesofthemeteoro－  
logicalstation andlong termaVerage Value of the  
equilibriumline position calculated by Kurowsky’s  
method（KruOWSky，1891），AH。is the ablation value  
Calculatedbyequations（1－4），COnSideringthatA＝W，  
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Fig．6．Reconstructedsummerairtemperature1，annualsumsofprecipitation2  
glacierGolubintongtlepOSition汀30nNorthTienShan（A），andannualsumsof  
precipitation－40nCentralTienShan（B）receivedonthebasisoftopographical  
SurVey from1890，meteOrOlogicalobservations from1914and1930，geOmOr－  
phologicalanddendrochronolgicaldatafromtheendof16thcentury．Summerair  
temperature5and melting calculated byit6at average equilibriumline  
positionofPobedaKhanTengryglaciationmassifinCentralTienShan（B）．  

ObservedontheNorthTienShanwithatendencyof  
precipitationincreasein CentralTien Shan We  
thinkthisiscausedbyweakeningofanticycloneinten－  
Sitybecause oftheglobalair temperatureincrease．  
Suchdistributionofprecipitationhasresultedininten－  
Sive degradation of glaciersin peripheralmountain  
regionsoftheNorthTienShan．Theglaciertongues  
Wereretreatingduringtheperiodanalysed（Fig．6），but  
Smallshiftsoftheglacierfrontdidnotcorrelatewith  
the corresponding phase of fluctuations climatic  
parameters（Aizen，1987）．The short periodswith  

positivemassbudgetdonotaffectglacierevolution，  
theycauseonlyinsignificantoscillationsoftheglacier  
tongue and changesin the surfacelevel．To the  
middle1950－S the glaciers front reached the some  
levelasin1982．Since that time theglacierfront  
appearstobeconstant．Thisisdemonstratedbythe  
almostzerointegralmassbudgetfortheperiodfrom  
1960to1982（Aizen，1987）．From1982the glaciers  
frontstartedtoretreat．Thisprocesswaspreceded  
by continuouslowerlng Ofits surface starting from  
1977whichcausedadecreaselevelby25L30m．   
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1ation，Tibetan anticyclone，and the subtropicaljet  
Stream．TheintensityofsolarradiationdurirlgSum－  
mer－autumnmOnSOOnforablationzoneofSouthrEast  
Tibetis one sixth of that theoretically possit）ie for  
theselatitudes．Here，intheablationzone（3400m），  
the averageinsolationinteriSity during tbe stlmmer  
－autumnmOnSOOnis6．9MJmw2d‾1（AizenandAizen，  
1993）．Theoretica11y，theradiationamountとOWhicb  
thisregioncouldbeexposedisgreat（250q300north  
latitude；Ⅰ＝0．0836MJm2min‾1－eXtra－territorial  
value），Without atmospheric effects（reflection and  
absorption from clouds，・・・）during the summerit  
eqlユais7315MJm▼2（40MJm‾2d‾1（Ålisov gf8g．，  
1952））．Correspondingly for the north slope of the  
Hima】野aSitis baばof tbat払eoretically possib】e  
（AizenandAizen，1993）．IntheSoutheastTibetthe  
continuousrlSlngOfairmasses，incr’eaSlngCOndensa・  
tion processes and turbulent heat exchange at the  
sametime，CauSeSlargeprecipitationduringsummer  
monsoon．On the north sIopes of Himalayas the  
continuous katabaticwinds don’t yield such signifi－  
Cant PreCipitation，but they sustaiIlthe evaporation  
processes，eVeninablationzone，reducingtheglacier  
melting（Table2）．Themeltislessintensivebecause  
of specific atmospheric conditions on the highalti－  
tudesandlargevaluesofreflectedradiation（albedo  
changesfrom77to99％）．Here the high valuesof  
albedo remain for almost all the summer owing to 
frequentsnowfaIIs（ab（一utOneeVery3－ヰdalrS）．gener・  
ally at night．The high permeability of the atmo－  
Spbereisshownbysma1lorzerovaluesofioれg－WaVe  
atmosphericradiation，thatyieldslowvaluesoftotal  
heatbaiance．DuringSeptember，1991t壬IemeanWaS  
onlyl．6MJmq2d鵬l（AizenandAizen，1993）．  

Nowtherearemanyinvestigationsofthecircula－  
tion－SynOpticprocessesirltheHimalayasarldTibet．  
especiallyofsouthernHimalayanslopes．According  
to Nakajima g≠ α乙，（1976），Yas11nari（1976）and  
Ramage（1976）onthesouthernslopesofHimalayas，  
the moisture sourceis theIndian ocean，The mois－  
tureisbroughtto Nepalbymonsoonformedinthe  
south and evenin the southern hemisphere．The  
waveactivityonthenorthernPakistanandnorthern  
coastoflヨayofBenga】isalsoimportant．Itsdevelop・  
mentisintensive dtlriTlg the sLlmmer Tibetan antト  
cycloneweakening．However，aerOIogicalinvestiga・  
tions of魚e cyclones trajectory（La11tenSaCb，1949）  
have shown that，in summer，theintrusions of  
extratropicalcyclones，i．e．thecyclonesbelonglngtO  
the extratropicalwesternwind zone，are registered   

Tbere was anincrease of precipitationin the  
CentralTien Shan（Fig．6）at the beginning of the  
ユ800s（about150mmataheightof2800m）untilthe  
beginningofthe1900s（upto3弼一350mm）．These  
fluctuations of the annual precipitation apparently 
co汀eSpOndtothecbangeoftbepredominantformsof  
circulation r meridionalandzonalduringtheperiod  
underconsidera貞ont Forexamp王e，bythemiddleof  
the1800ssubcontinentalregionsoftheCentralAsia  
were under theinfluence of theincreased Siberian  
anticyclone（Vangengeim，1946），Whichdecreasedthe  
possibility of the cyclonesinfluxinto theinternal  
regionsofhighmountainsystems．Asa restllt，the  
volumeofprecipitationdecreasedandtheconditions  
of giacialalimentatiolュWere WOrSe．At that time  
therewereincreaseinthenumberofdayswithcloud－  
lessⅥ7eatber，tbestlmmer air temperature，radiation  
melting，andglacialrunoff．Thisisindicatedbythe  
melting curve calculated from summer air tempera－  
turesbasedontherecurrenceofwarmandcoldtypes  
ofweather（Fig．6B）．Theprimarymeridionalforms  
ofcircuiatiorlarereplacedbya zonalone（Vaれgen－  
geim，1946；Dzerdzeevsky，1974）・The summer  
favourstransportofcyclonesi王ItOtheinternalregions  
ofTienShanNCloudinessandprecipitationincrease，  
radiationmeltingdecreases，andthesummertemperaT  
ture decreases．It appears that this periodis more  
favourable forglacier m to5－7km over thelast  
lOO－150years（Bondarev，1971）．ContemporalleOuS－  
1ythepositivedifferencei‡lglacierareaandrelatively  
lowvelocityoficeflow（15－45m／year〉indicatestoa  
long response of glaciers in this system to climatic 
changes．The beginning of contemporary degrada－  
tioninthePobeda N Khan鵬Tengrymassifglaciation  
should be considered to be the end of the so－Called  
“LittleGlあialAge．”   

3．Southe川Periphery  

The qua‡ltitative developmerlt Of mass－energy  
exchange components of two different climatic  
regionsinsouthperipheryofCentralAsiahasbeen  
demonstratedbyanalysisoftwoyearsfieldworkand  
longtermdatafromChinesemeteorologlCalstations・  
The舅rstoneisGorlggamaSSiぎofSouth－EastTibet，  
windwardslopeofthesummermonsoon Thesecond  
isXix主bangma massif，1eeward ofthe summer mon－  
soon，Onthe northernslope ofthe Himalayas．The  
glaciersinthesehigh－mOuntainregionsexistbecause  
ofclimaticfeaturesconnectedwiththemonsooncircu－  
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Table5．AYerageStatisticsparameters（）fmeteorologicai  
Cbaractersdurings11mmermOnSOOnperiodofthe  
expeditionary observationin1990 at 3400 m  
height，Hailougouglacier．  
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Fig．8．Variationofthedailywinddirectionanddeviation   
fromtheaveragevalueofstableoxygen6180concen・   
trationinatmosphereprecipitationduringtheexpedi－   
tioninvestigationonHailougouglacierat3400mins11b  
periodofsummermonsoon．  

u，dビg・一 雨nd dir（でti（一n：＼＼IllSし wind spet）d；P．nlb  
atmosphere pressure；Q，MJmw2day－lLincoming short  
WaVeradiation；BE，MJm2day→しtotalradiationbalance；  
Ta，CCrairtemperature；q，％．airrelativehumidity．  

temper；ltlIre remainedconstant．  
Thedataobtairledbymeasurementofthestable  

OXygenisotope（6180）contentin the atmospheric  
precipitation at 2940 and 5000 m heights on the  
Hailougouglacier（Fig．9B）duringsummermonsoon  
Show that there are also two sub periods：up tO  
October9ar‡d a貪erit．Figure8presents a clユrVe  
Showingthedeviationoftheconcentrationofoxygen  
isotopeinprecipitationfromtheaveragevalueduring  
theobservationperiod△6180（theaveragevalueis15．  
9‰）．Underequaltemperatureconditionsthe more  
negative tbe♂lきO and♂D values correspondもO the  
ftlrther disposition of atmospberic moisture sol汀Ce．  
DifferencebetweentheoxygenisotopeCOnCentr’ations  
gaveusthepossibilitytosuggestthatbeforeOctober  
9the glaciers at heights of2940and3400m was  
Suppliedbyprecipitationcomlngwithairma＄SeSfrorn  
the Atlantic Ocean．After October 9it was the  
monsoonoriginatingintheIndianorPacificO（：eanS  
Whichservedasthesourcesofprecipitation．  

Thechangesof6Dconcentrationsuggestedthat  
incourseofsecondsubperiodofsummermonsoons  
evaporation from the land surface into air currents 
WaSthe prevaiiingprocess．Tbis fact confirm＄tbe  
pointthatthemoisture－bearingaircurrentsdevelop－  
ingovertheIndianandPacificOceansmoveatrela・  
tivelylowaltitudesandhavemorerestricteddistribu－  
tion than the Atlantic air masses transported and  
depositingmoistureatcomparativeiyhigberaltitudes．  
Asaresultthewestmoisture一bearingaircurrentsare  
Sub5ectedtoincomlngOfevaporatedmoisturealesser  
extent．Thisis confirmed by deuteriumisotopic  
measurementdata（Fig．9B）．   

OVerinvestigated territory．According to Bluthgen  
（1972，1973）and Khromov（1968）in the summer the  
zone of western equatorial winds advances to the 
north due to thedifference ofthe norther11andsouth－  
ern hemisphere warmi叩，The extratropit：a）fr（）ntal  
zone moves from south to the north and backin  
Summerandresultsinadoublemaximumofprecipita・  
tionduringsummer（seeFig．2B）．Atthesametime，  
due to Nakajima et al．（1976），Yasunari（1976）and  
Ramageく1976）inwinterseasontbesnowね1】scaused  
bymovingofsubtropicaljetstreamたomtemperate  
latitudes areregistered．Thesubtropicaljetstream  
strengthening during winter rounds the blockading 
systems of Tibet and brings precipitation into high 
mountainregions（seeFig．2B）．AccordingtoNaka－  
jima Llt L7／．（1976）andWushiki（19771themainprecipi－  
tation on the s∧uthern sIopes of Hinlalayasis con－  
nectedwithairmassesfromSouth，i．e．fromIndian  
OCean．Yasunari（1976）wrotethatinhighmountain  
reglOnSmOistairmassescomefromthedirectionof  
uppertropospbereweststreams．  

With the ainlOf establishing of atmosphere pre－  
CipitationgenesisontheHaiiougotlandXixibangma  
glaciers，meteOrOloglCalandisotopic observations  
Weremade．AccordingtoourdatarecordedinSouthd  
east Tibet the monsoonperiod may be dividedinto  
twosub－period：1）toOctober8and2）from9to24  
0etober（AizenandAizen．199：廿 Thewinddirビetion  
Changedon80fOctoberfromSEto SW and S（see  
Fig．8）．Thiswas accompanledby＄OmeChangesin  
Other meteorologicalphenomena（Table5）although  



a）  BulletinofGlacier Research  

占ニー0－＼い   

0   

・10   

・2¢   

・卸   
・40  

23  26  29   

Åu！Iu貞  

1  4   8   9  12  
・ Septemb即   
1991  

（B）  
8■甘1日，   さD‰  

0   

・5   

・10   

・15   

－20   

儀25   

・三相  

0  

・40  

一帥  

－120  

t160  

－200  
30   3   8  12  18   23   20  

0ctober19抑  
30   3   8  12  18  23  28  

0ctobモー1990  

F主g．9．Distributionofstab王e♂180（1）arid♂D（2）isotopeir主atmO＄phereprecipitation  
duringsl】mmermOnSOOnOrlXixibangma（A）andHailougotl（B）glac主ers．   

Incourse ofexpeditionary observationson Xix－  
ibangma glacier such distinct period＄Of time with  
different6180concentrationinatmosphericprecipita－  
tion（Fig．8A）were not observed．However，tWO  
differentdayscanbeanalysed：8and12September．  
Underthesamedailyairtemperattlre（4．1and4．3OC）  
thevaluesofが80concentration aregreatdifferent  
（COrTeSpO【ldingly－36．2‰こInd－‖．9‰）．L）uring111OSt  
Oftbistimetbepredominantwillddirection，irlCiuding  
the12September，WaSSOutheast，i．e．intrusionofthe  
Indian monsoon from thelower Centralpart of the  
Himalayas、On80fSeptemberonlythewinddirec・  
tionwassouthwestandthevalueof6180wasgreatly  
reduced，indicatedinincreaseofdistancefromsource  
Ofmoistureforming．Therefore，Wehypothesisethat  
theairmassesbringingsnowfallon8Septemberwas  
partoftheweststreamsintheuppertroposphere．  

ThtlS the first resuits of our analyses gave the  
possibilitytostlggeSttbatwithintbeElユraSianconti－  
nerlt tbe air mas詑S developing over the Atlantic  

advancesfurther，and athigheraltitudes，thanthose  
from the Pacific andIndian Oceans．This effectis  
partlyresponsiblefortheexistenceoflocalglaciation  
OntheCentralTibetanplateauhigherthan6000m．  

The annualdistribution ofprecipitationis very  
different on the northern and sollthern slopes of  
HimaiayasasweliastbeSou払eastTibetくFig．2軌  
Ontbesoutbernsiopeoftbe‡iimaiayasぬeqtia‡ltity  
Of precipitatiollis three times more t壬1anits corre－  
SpOnd averagevalue onthenorthern s10pe（Fig．2B，  
Table2）．OnthesouthernslopeofHimalayas，Open  
to summer monsooninfluence，tWO maXimurninits  
annualdistributionareobserved（Fig．2B）．Thefirst  
takesplacefromJulytillOctoberend．Theprecipita・  
tionisthebroughtmainlybythesouthwestmonsoon．  
ThesecondmaximumisobservedinFebruaryMMarch  
Whentheprecipitationisassoeiatedwithactivityof  
Subtropicaljetstream．ÅccordingtoRamage（1976）  
tbeprecipitationcau父dbywestcycionesreacb飴a  
maximllminMarch，andweakensinAprilandMay   
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Witbweakerlingof血ejetstreamandwestcyciones．  
Thusonthesoutherns）opesofHinlこIla）▼aSthepret：ipi－  
tation fallsabout th（ゝ＼Vhole）▼earWith a111i11imtl111in  
Novenlber．whenitdropst（）11nl111．  
OnthenortherninvestigatedregionofHimalayas  

the preぐipitation fallsin sumIller fronlJul）■tillSep－  
temberwithamaximumi11Aug11St．TheIllこIiIllllOis－  
hlret：Ontentairmasses亡Onlehビrethroughl（一Weringin  
Ce咄raまpart of Hima王ayas．Åccording to Sino－Ne－  
paiese抽ve＄tigations（1988）tbeprecipitationincrease  
Ontbeso11tilemSlopeisot〉SerVedtili2500m（Fig．冬B），  
accordingtoYasunariandInoue（1978）to4000m，and  
higher the precipitation does not rhange or eヽ▼en  
decreases．Thisis evident：e al）Out the altitudinal  
limitsofthe southwest monsoon de＼▼elopment．The  
precipitation increase on the northern slope of 
Himalayas from4000m to6000mis the re＄ult of  
moisture contentin air masses conling through the  
lowerincentra王partoft主IeHimaまayas．Tbeprecipト  
tationin May a11d Septemberin thisregioneould be  
COllneCted with the subtr（一piealjet stre；lln．In sum－  
mertheprecipitationdecreaseiscausedbyintensive  
developme雨Oftbetropicalmonsoon．Thusarrival  
OfAtlantic moistureisnlOreprObablein wi11ter．Prt・・  
CedingaIldfo1lowingmonsoonseas（叩S（May、Septe11l－  
ber），eSpeCiall）▼OnthesouthernHimalayansIope．In  
Slユmmert‡lemainprecipitationcomesなom仇eBayof  
Bengal．However，localcollection of moistureis  
possible because of deve！opme11t Of strong evapora－  
tionprocesses．Aswesuppose，atelevation＄higher  
55肌）nlthe possibility of precipitation forming from  
themoisture．brought b〉▼generalwest traIISfer from  
t‡leA沼antic，increase＄．  

Thealtitudi11algradientofprpcipitationビqua11ed  
γ（P）＝19mmperlOOm，reCOrdedbyusthroughs主muト  
taneotlSlymeasureddataatTingristation．andat57OO  
monXixibangmaglacierin払e（：OurSeOぎexpeditio‡l－  
ar）T Observations．It corresponds with the vこIltleLl■e－  
presentedintheworkofSino－NepaleseInvestigations  
（1988）．Theproportionofliquidprecipitationinthe  
totalwascalcutateLdusingitsvariationcurvesderived  
from average air temperattlre（Fig．5B）．These  
eurves≠・ere based（1n Observation）Teこ1rS On（1olubi11  
g王ac主erstation，nOrtbTienSban（Fig，5Å）a王1dd主ffer  
insignifieantl〉，from the correspし）nding datilOn the  
precipitation distribution on the northern slope of  
HimaユayasandSol血eastTibeモ．Theaveragevaiue  
Ofiiquid precipitatiorlat5900m equaislO％oftbe  
Juiyquantity，g．g．8m．Accor（隻ingとOtbecurvesa1l  
Other precipitation（550mm）above5900m falls as   

sulid．  
OntheSoutheastTibetthemajorofprecまpitation  

fa11s during the sumIller mOnSOOn（Fig．2B）．The  
Sprl喝aVerageS14w16d野SOfprecipitation．Insum・  
merthisincrease＄tO17to20days，andoccursasrain  
Sbowers（ion針termdataofmeteorologicaistations）．  
Inautul11n．thereareこlIsouptoコOda）・SPermOnthl＼rith  
PTeCipitation．Thelargestamountofpret：ipitationis  
dbservedinJlユne，but alesser maximum occuTSin  
September．On抽eSout壬IeaStTibettbereisnos既一  
ond winterTllaXimum，thesameasobservedonsouth・  
ern slope of Himalayas．More strongin鋸ence of  
Tibetan alltic）てlone andi11tenSive developnlent Of  
Northeast passats over Soutbeast Asia than over  
lndiaisthereasonofsuchannualprecipitationdistri－  
bution．  

Weobservedthatindiurnalvariationofsummer  
monsoon preLぐipitation．tlle maXimum oc亡tlrS duriIlg  
theL afterllO川Iand at nidlt．due to the motion of air  
massesur）WこIrds from thevalle）IthroL］ghout the day．  
It is also important to note that the high-mountajn 
ChこIinsofsouth－eaStern Tibet ar（ゝbe）rOndthe zoneof  
maximum precipitation．Thereねre，depending on  
theh11111id恒アatld thetherlllalstrこItificationofincom－  
1r噂airmas紀S，tbe妄汀eateSt amOunt Ofprecipitation  
fa11s on tht、≠▼i11dward sIopes of peripheralranges．  
evenbe払reitreacbesasummitievei（Weischet，1965）．  
We collected the field data（Aizen and Aizen，1993）  
Wllieh sho＼l・S that during the sul11rnerLautumn mOnL  
SOOn，theprecip主tationincreasesuptoane王evationof  
about360Om．andabo＼▼ethislt）＼・ビ11hegradielltdiIllinL  
ishes，The average aititudinalgradient of annua壬  
PreCipitatiorlCalculatedonthebasisofCbine紀mete－  
OrOlogicairecords equais329mm perlOO m．Tbe  
gradientvaまueabove3（拍Omamountsto4．9mmper  
l州111（AizcIla11dAiエビ11．1p93）．TheaヽTeragビqtla11t巾r  
Ofprecipitationattheelevationof払eeq11il主briumline  
positi〔111（52（）O m）＼＼▼aSraleulated and amountcLdココO7  
mm．Theshareofliquidprecipitationis23％accord→  
ingtothemeanofairtemperatureandprecipitation  
distributiondatこl（Fig．5t引．ThusthビIongtビTlnquanL  
tityofsoiidyeaTiyprecipitatiorlis1699mmhere．  

Thea＼でI▲agegradieIltOf；lirtenlPL！ratuTe．depend－  
ing on the height．is O．56てforlOO111in Southeast  
Tibet．The h料hgradient ofこIir tビTllperaturtlOTlthe  
Gorlgga glaciationis associated with continuous  
advectiolュOfwarmairmassesfromtわevai呈eyto血e  
lowlevelsof払eg払ciersaswe重重aswithtbecooling  
infまuerlCeOfモモIelargenourisbmentarea．Asweilas  
thisintensive advance，COndensation proce∬eS are   



22  Bulletin of Glacier Research 

developing especiallyin the ablation zone（in heat  
balanceitsvalueco111dreach20％，Table2），Taking  
intoaccountthathereadvection主sas主gnificantproc－  
essinmelt（from35til158％，Table2）airtemperature  
preferablyastbeenもrancepredまctorofrunoffcalctl壬at  
tion（AizenandAizen，1993）．Anaveragevalueofthe  
air temperature gradient over the glacier surface  
ビqualledO．55LCpcrlOOTndtltlitlgthc＼＼でtPeriodand（1．  
340Cinthedryonewasrecordedduringfieldworkon  
nortbernslopeofHimalayas◆  

The prillCipalcomponellt＼lrhiぐhi11fltIeneC・S the  
intensityofsnow－icemeltandtheformationofglacial  
runo玖is a degree of cliInate COntin（芝ntally of tbe  
molユnもainregions，Tbereforein regiOnS Witbconti－  
nentalclimateitwouldbepreferabletocalculatethe  
rateofme王tingbyusingsolarradiationparameters．  
In regions with clear monsoon type of climate the  
Calculationofsnow－icemeltandrunOffisbestusing  
airtemperattlredata．  
GlacialmeltontheSouthEastTibettakesplace  

mainly fromadvectionduring the summer monsoon  
LTab】e コ）．Therビfl〕re．theinlビra（、tion b（－t＼＼▼eビ11theL  
diurnaimeltandthediumalairtemperatureisratber  
noticeablehereequation（7）．   

Southeast Tibet 

elevationof5700m，inthecourseofmeltingperiodin  
daytime，tbeevaporationprevaiユedoverthecondensa－  
tionoccurringduringthenight．Onaveragethedaily  
ValueofevaporationwasO．72mmaday．Maximum  
Valuesrecordedd11ringcloudlessweatberreached3．1  
mm day肌1．The measurements at an elevation of  
5900mglVeuS a meanOfsublimation ofabout O．02  
mmiれday．ForestimationoftotalanTluaievapora－  
tionestima短das66mm，tbedailymeanofevapora－  
如n（0．72mmday‾りwasmultipliedorま洩eduratior10f  
洩emeltingperiod．  

Thecalcuiatedlo王唱termyearlyprecipitationat  
theelevationoftheequilibriumline（5900m）is558  
mmarlditssolidquantityamounts550mm（Tabie2〉．  
ThelongtermvalueofmassbalanceindexforXix・  
ibangmaglacieramounted－3．4gcmJN20nthebasisof  
the yeariy value ofmeiti王Ig（598mm）caicl点ated by  
radiation，aSmOrerepreSentativeforthisregion，the  
meallOfyearlyevaporationa‡1d血evaまueoficeねr・  
mationfrommeldngⅥrater（8．Ogcm‾2）．  

The total ablation value during the summer 
monsoonbasbeencalculatedforJuneitis55（）mm，  
July929mm，A11guSt568mmand2050mmperyear．  
The contribution by condensationis notlarge，  
accollntingねronly4％forthet（沌al．Tbevalueof  
iceforming－aCCOrdingcalculationsbyGolubev（1976）  
forelevationoftheequilibriumlineposition（5200m）  
is仙25．Ogcm‾乏‘Tab16givestbesummarisedresuits  
Ofthecalculationofannualmassbalanceindex（1bi）  
andthelevelofzerobalance（晩L）Hailougouglacier  
OVer39years（1951／52to1989／90）wbereas Fig．7  
Shows the chronoqogi（：alf王uctuations of the mass  
balanceoft‡1eglacier，Wbicbasatotaiぬsanegative  
Value（州9．9gcm‾】2），Thealtittlde（箋ifferencebeとween  
払とa‡1d挽乙reaChes450minsomeyears，For払e  
Calculationofannualelevationsoftheequilibriumline  
posi唇on（亀乙）tbeequation（10）ist王Sed：  

耽．乙二月去．ムWムざ（月這．L）／γ（ム）  （10）   

Whereふど（島乙）i＄annualmassbaianceindexateieva－  
tion oflong term average equilibriumline position，  
Calcu重atedもy払eeqlほtion拘－ Supposingtbatlo†噂  
term average mass balanceindex at亀L has zero  
Value the mean of altitudinaimass balanceindex  
gradientγ（左）iscalculatedas羞（jも）／（島仙亀乙）．   

8．3・アー19．Owbenア＞2．20C  

O  wIlen71＜2，20C  
町ヂ  （7）  

On the glaciers of northern slopes of the  
Himalayas tbe solar radiation maintairleS meiting  
processes（upto86％，Table2），TbeiIISignificarltrOie  
of turbulent heat exchange is a result of continuos 
katabaticwindsdestroyingtheturbulentfluxes．The  
processofmeltir主gisdis血guisbedby転aturescharac－  
teristicforthehighmountainglaciersofinnerTibet．  
ForNortbslopeofHimalayaswebavecalcu】atedtbe  
meltingusingtwotypesofempiricalequations（8，9）．   

Nor払siopeofHiIⅥaユayas  

一7．5－1．4■〔¢（トA）〕 －1，52＋3．2・r When r＞0．5℃   
O  wIlen r＜0．5℃  

町＝  

OntbeNorthHimalayasforestimationsevapoト  
atedar主dcondensedmassatelevaモionsof57（）Omand  
5900m，the gradient measurements and weighing  
methodwereemployedduringfieldwork1991．Atan  
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Table6，T重Iemainindexesofma∬balance壬ねilougotl  
gjacier．  

4．Conclusions  

lt was estab】ished that pret：ipitation decrease  
fromwesttoeastandfromnorthtosouththeincrease  
With altitude，and displacement of their time maxiN  
mumfromwintertosummer，depend oninteraction  
bビ［weeIISibビrimlallticyelo11eandWesternc）rCIoneLair  
m；lSSeS durillg the）rear．The Atlantic．1ndian and  
Paci君主c Oceans are tbe moisture sources o‡1tbe Euト  
asian cont喜nent as demonstrated wit婁Ithe aid of  
gまaciometeoroiogica里andisotopi（：meaSuremen短（180  
andD）oftheatmosphericwateratdifferentaititudes  
of the CentralTien Shatl，SE Tibet alld N．  
Himalayas glaciers．‡n tbe regions with monsoon  
typeofalimentation（theTibet，Himaiayas）wehave  
foundmoisturefromallthreeoceans，andontheTien  
ShantheAtlanticistheonlymoisturesource，   

it was estab王is‡1ed，byinvestigations orlNor払  
TienSban，tbatthecha喝eSinclimateparametersare  
SynChronouswiththoseinmassbudget．Theg重acier  
tollgtle WaSrt）treatingこ1ndsmallshiftsorthe glaeier  
front did11Ot COrreLSp川1d with the phase of mass  
buく短et幻uctua貞ons．Tわe decreasein precip壬はtion  
quantityontheWestこIndNorthTienSha11Periphery  
isobservedsimultaneollSlywi払tendencyofprecipita鵬  
tiongrowtbinCentraiTienSban．  

The existence ofglaciersin thishigh mountain  
regions of South periphery ofCentralAsiai＄deter－  
mined by thei鵬ensity of morlSOOn developme†lt．  
Tbesein（：まude払edecreaseofinsolationintens吏ty（on  
t‡leS－ETibetapproximateiysix－ね1ds）asaresu王tof  
refiection and absorption because of continuous  
CioⅥdiness，aれdbigbvalues of aiもedo抜放er＄ummer  
SnOWfalls（ontht：110rthビrnSlし）peOfHi111ala）■aS11Otl（・SS  
tban58％）、  

Theglacia如nsystemsrepresenもedirl軌主sdiscus≠  
Sion bave aIlega如e mass balance on tbe averz噂e，  
Whichtestifiestothegeneraltrendtowardsdegradむ  
tionofglaciationofCentralAsia．Thehighestvalues  
Ofnegativebalancearetypicalfortheglaciersystems  
OrlNortわernperipモ】eryOfCentralAsia，eSpeCially払r  
the glaciel■さOf thビCビntTLaIPamir．＼l▼hose glaciation  
COnd主tionsare determined，tO a COnSiderab呈e extent，  
b〉・Lhei11flutIIl亡eOf Atl；ltltieilirmass．1t wasshown  
lhat the ou叫▼ing nlOLmtain こミreaS Of し「entralAsia  
resp（〉ndfirsttovar主ationsinthegeneraicircuia如nof  
atmosphere，   

Years Hie，1．  
m．a．s．1．  ∵  い
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1970   5284  183．9   207．0  
呈971  5429  182．ま   245．2  
1972   5498  186．1  26臥1  
1973   53朗   ま79．3   229，9  
ま97尋   4910   202．7  123，0  
1975   5305  178．ま   207．0  
1976   5152   ま97．3  184．0  
1977   5133   202＿3   ま84．0  
1978   5332   201，1  237．5  
1979   5288  198．1  222，2  
1980   5097  197．2  16臥8  
1981   5496  179．1  260．4  
1982   5026  193．8  145．9  
1983   5119  183．9  161．2  
1984   5333   201。0   237，5  
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ave．  5222   195．2   2（）5．i  ”9、9  
178  18▲9   42．3   4臥9  

Hie．1．isannualzerobalancelevel；Ac。isaverage～Weigh  
annualvalueofaccumulationontheelevationofequl・  
1ibriumiine position（5200m）；W】is average－Wejgh  
arlnuaまvaまueofablationo王1払ee‡eva扇onofequiまibrium  
lineposition（5200m）；Be．l．isaverage・Weigbvaiueof琉e  
annualmassbalanceattheelevatiomofequilibriumi主ne  
posit主on（5200m）．  
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