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Åbstra亡t  

TbedrainageareaoftheGozbaglaciatedregioriis223，9km2，i†1Wbicわ105・2km2isocc11piedby  
glaciers，COVering47％ofthetotalarea．Thefirnlineofglaciersrangesarourld6000ma・S・1・The  
terminiofglaciersareatabout5390ma．s．L   
AtthehydrographicstatiorlattheBaseCamp（5260ma．s．l．），theannualrneanairtemperattlreis→  

6．7¢C，andaveragearlnualprecipitatiollin沈edrainageareais227．5汀∬LOf珪etotaまrlまnOだiIlthis  
glaciatedregion，glaciermeltwateroccupies80％aIldprecipitation20％・   

TheriverdischargeisverylimitedintheGozhaglaciatedregion；thedepthoftheglacierrunoff  
is200．2mm．Thespecificdischargeoftheglaciersis17．7L／skm2．ThenetglacierrunOffcoefficientis  
O．73．Themeanrunoffcoefficient ofthewholeglaciatedreglOnis仇51．Itisconjecturedthatthe  
characteristicvaluesofrunoffinthisregionarethesmallestamor喝allknownglaciatedregionsin  
China．   

0Ⅵringtotbesbortme姐喝periodandtheconcentrationofpr∝呈p重tation，tbean‡1ualdisc壬Iargeis  
confinedtotheⅥ7armandrainy汀‡On汰sbetweenJlユneandÅugust（80％oftheaIlnualtotai〉・   

Intheglaciercoveredarea，theproportionoftheglacierdischargeinJulytoSeptemberocctlpies  
90％oftheannualtotal．Theperiodofintensiveablationinthisregionlagsamonthbehindthatof  
otherco†1tinentaltypeglacierr喝ionsinChina．  
TbevariatiorlCOefficientCvreachesamaximumofO．32inJulyandaveragesO．160Verayear，  

whichmeansthattheyearlyvariationofrunoffisqlユitestable．Theformerismainlyrelatedtothe  
pre－ablationprecipitation，Whilethelatterresultsfromablationindifferentyears・  

2．Regionalgeographicalconditionsintheresearch  
area．  

Giacier meit water from tbe Gozha glaciated  
regio†ldirectlydrainsintoGozba Lake，Whicllisan  
inlandlake．Ameteorologicaiobservationstatiorland  
ageneralhydrographicstationweresetup衷Base  
Camp（5260ma息1．，3kmawayfromtbeendofGozha  
Glacier）．Anotherhydrographicstationwassetupon  
theTianshuiRiver，5400ma．s．1．，2kmawayfromBase  
Camp．   

Atthetwohydrographicstations，arelationshipis  
establishedamongthewaterlevel，dischargecurrent  
veioci吋andcross－SeCtionaiarea（Fig．1）．   

1．lntroduction  

Duri喝t壬IeSino山JapaneseJoint Glacier Expedi－  
tioninthelⅣestKur111ユnMountairlSinJune－Al唱uSt  
of1987，a SyStematic observation of hydrology and  
meteorologyⅥ㌢aSCarriedoutintheGoz†ほgiaciated  
regionwもicIllocatedontbesotltbslopeoftbeう貯est  
Kunlun Mountains and pientifuidata were gained．  
Thispaperstudiesthebasiccharacteristicsofglacier  
dischargebasedonthosedata．  
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1，O Flowvelocity（m／s）  0  2．0  4．0  6．0  0  

Flow rate（m3プs〉  上い   2．い   3．い  J．（I  
Flow 監Ction Area（m2）  

Fig，1．Relationofwaterlevelto恥wra略Ⅷowvelocity，andtbe  
fLowcross－SeCtionalareaatBaseCarrlpOnthesouthslope  
oftわel材estKunlunMountairlS．  

Tbe area and nlユmber of glaciers above eacb  
bydrogra‡血ic statiorlare Shownin Tablel．Three  
Observation sites for air temperaとure meas㍊rement  
WereSetupat6250m，6000mand5180m（besideGozha  
Lake）．  
Thereilre13glaeiersinthisdrainagebasill，111OSt  

being valley glaciers．Thelargest valley glacieris  
Gozha Glacier with area of33．5km2，from5390mto  
6530ma．s．l．ThemainsotlrCeOfrunOffatNo．1ismelt  
＼＼－att！rfr川11thisglaciel＼WhichaL：CLluntSfor70？ムOfthe  
totalglaciermeltdischargeinthisregion．Thesecond  
largeglacierisChongceIceCapwithareaof16Akm2，  
たom5728mto6370ma，S．l．Tbeablatior10nt緑sgiacier  
issligbt，OniyirlthemiddieofAugustdoestheabia－  
tion area emerge．There are 7岬9morainelakes  
aroundthearea．Themeltwaterfirstdrainsintothose  
lakes，thendisappearsintheformofinfiltrationand  
evaporation．Out封ow directlyinto rivers vas very  
Small．TbegまaciersintheTianshuiRiver basin are  
mainly clrque glaciers，With the end of the glacier  
tongueabove5600ma．s．l．Thefirnlineisabout6000m  
a，S，l．Tbemeanelevationofthebasinis5915ma．sふ．  
AtBaseCamp，intheperiodofintensiveglacier  

ablation，themonthlymeanairtemperaturewere2，3  
0Cand2．60CinJulyand AlユguStreSpeCtively．wbere  
anrlualmeantemperaturewas－6．70C．Åttbeton郡e  
OfGozhaGlacier，themeantemperatureintheabla＊  
tion period（from May to September）was NO．7qC，  
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Air tempemture（℃）   

円窓2∴叙r temp訂aモurevariatio王l．Witb altit㍊dein払eGozba  
glaciatedareai11t壬】elⅣ搭tKunlunMountains、  

Tablel．Distributiond g】aciersarId tbevalley areaabove by－  
dro許apbicstationsintbeGozba glaciatedarea．  

Station name  Base Camp Tian＄huiRiver Station  
Va】i野area（km2）  
Number of glacier  
Glacier areaくkm2）  
Gla（：ier（：0Verage（％）  
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Observationperiod，thevariationsofdischargeandair  
temperatureapparentlycoincide，althoughprecipita－  
tionis not synchronouswiththe other two factors．  
Therefore，the principalfactorinfluenclngglacier  
ablationisairtemperature．  
DuringJuneandJuly，theriversaremainlysup－  

pliedbymeltwaterfromseasonalsnow；thedischarge  
isverysmallduringcloudy，SnOwyOrnegativetem－  
peratureperiods，andverylargeduringfineorposi－  
tivetemperatureinterval．Theablationmainlytakes  
place at the end of the glacier tongue andinthe  
nonglacierarea．  

From August to the middle of September，the  
riversaremainlysuppliedbyglaciermeltwater，and  
temperaturevarieslittle．  

Therelationbetween3－daymeandischargeand  
airtemperaturecanbeexpressedbyanexponential  
curve（Fig．4），Which showed two different curves  
duringJune－JulyandAugust－September．  

whichwas－4．5CCatthefirnlineontheglacier．Inthe  
glaciated area，air temperature decreaseswith the  
increaseofelevations（Fig．2）．ThelapserateisO．630C  
perlOOm．  

Precipitationinthis area belongs to the middle  
－nOrthplateausummerprecipitationtype（Li，1986）．It  
is mainly concentratedinJuly and August．At the  
BaseCamp（5260ma．s．1．）thetotalprecipitationinJuly  
andAugustwas91．8mm．Becauseoftheinfluenceof  
the southwestern monsoon，the precipitationinJuly  
WaS75．8mm，Whereasitwasonly16．OmminAugust．  
Precipitation depended on elevation（Table2）．Pre－  
Cipitation at5800m a．s．1．was nearly twice that at  
5260ma．s．1．．Itiscalculatedthatannualprecipitation  
near firnlineisabout：437．5mm．Thusitisclearthat  
althoughitisverydry andless precipitation at the  
edgeofthemountains，theprecipitationintheinterior  
oftheWestKunlunMountainsisstillconsiderable．In  
addition，thelowairtemperaturepromotestheforma－  
tionoflargeglaciers．  

Table2．Comparison of precipitation（mm）Base Camp（5260m）  
and ABC（5800m）from August6to19，1987．  3．Main factorsaffectingglacierablation  

Airtemperaturereflectsthecombinedinfluences  
Ofsolarradiation，turbulenceheatexchangeandother  
factors．Fromdailymeandischarge，airtemperature  
and precipitation（Fig．3）at Base Camp during the  

Date（August） 6 7 8 9 10111419 Total  
ABC（5800m）1．01．31．4 4．8 2．71．5 0．3 3．016．Omm  
BC（5260m）0．10．2 0．6 2．21．8 0．0 0．3 3．9 9．1mm  
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1．0   2．0  3．0  4．0  5．O  
Air temperature（CC）   

Fig．4・Relationshipbetweenthreedayaverageflowrateand   
airtemperatureatBaseCampduringthemeltingseason，   
1987．Curvel（circles）isinJuneandJuly，and curve2   
（crosses）isinAugustandSeptember・   

July lO   20   30ÅugustlO   20   30 Dale   

Fig．3，Variationofflowrate，airtemperatureandprecipitation  
atBaseCampinJulyandAugust，1987，  
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4．CalculationoIglacier runoIf   

りC‘7／川山／ん】IJ亘斤J川（lケ高山、g山（、ん，rJ楳んり7．  
Turo formuias are set up separately for 5-day 

mean air temperature between the Base Camp and  
Ganggumuluoke hydrographic station，300km away  
fromBaseCampattheYurunkaxRiveronthenorth  
SlopeoftheWestKl】nltlnMotlntains．  

㌫ニ8．867忘－5．77 （γ＝0．80，乃＝18）． （1）  
払ニ0月1Q）十0．78 （γ＝0．88，乃＝23）． （2）   

Where Tland7Larethe3qdaymeanairtemperatures  
（OC），at Base Camp and Kangxiwar Station respec－  
tively，払aロd G are respectiveiy3day mea‡ldis－  
Cbargeat王∋aseCampandGanggumuluokeStationon  
theYurunkaxRiver（m3／s），risthecorre】ationcoef・  
ficient，andnisthenumberofsamples．  

Fromthecorrelationcoefficientsweareconvinc－  
edthatthetwoformulasarereliable．Theyareusedin  
interpolationarldexとensionoftbeyear’sincomplete  
dataofairtemperatureanddischarge．  

Thc relationship between the daily mean dis－  
Chargesatthe BaseCamp，Ql，and thedischarge at  
TianshuiRiverStation（ontheupperreach），Q2Canbe  
expressedas：  

島ニ8．2333GL21（γ＝0．84，乃＝45）． （3）  

From equation（3），the discharge at Tianshui  
RiverStationintheno山Observationperiodwasesti－  
mated．  

ごトl／｝ん7′わナナ作〟（）〟（イ仙イご山（・ん、J・  
Positivetemperaturefirstappear・edattheendof  

May．An advance party found water flowingin the  
riverbedatBaseCampatthebeginningofJune，but  
thedischargewasvery smallandthestream disap－  
pearedfrom4：OOtoll：00くCST）．〔CST，ChineseStan・  
dard Time，isGMT plus8hotlrS．Thenoontimeis  
about14：40（CST）．〕Continuousnegativetemperature  
appeared at the end of September．The record of  
dischargcoftheYurunkaxRiveronthenorthslopeof  
theWestKunlunMountainsshowsthatairtempera－  
ttlreanddischargedescendveryabrt王ptlyatthebegi王1－  
ning of September．Thus the ablation periodlasted  
fromthecndofMaytotheendofSeptember，about  
130daysintotal．   

．■りGん7（・ん、J・J7川嗅ナ‾   
In tbe discbarge，glacierIⅥelt waもer was est圭一  

mated separately from precipitationLformed runoff．  

Curvesofdischarge，airtemperatureandprecipitatiorl  
atthetwostationsareshowninFig．5．   
InasmailclosedbasinintbebighalpinereglOn，  

undergroundwatercanberegardedasconsistingof  
the seepageloss of precipitation andglacier melt  
Water．Thecomponentsofunderground water could  
notbeseparatedinthispaper，   

Inthispaperweputthesnowandicemeitwater  
鉦omt壬Ieg王acierduringtbeablat主onperiodandpre－  
Cipitationrunoffontheglaciersurfaceduringsummer  
intothecategory ofglacialrunOff．Runofffromthe  
SeaSOnalsnowmeltandprecipitationonbarevalley  
Slopesareregardedasrainfallsupplyfr・Omthenongla－  
Clerarea，  

Thereislittle s110Wfallin the Gozba giaciated  
reglOn，andtheprecipitationduringspringandsum・  
meriscompletelyillSnOWfall．Aftereachsnowfall，the  
SnOW On the bare valley slopes melts completely  
Withinseveralhoursorl－2daysdlユetOtheincrease  
Ofairtemperature，Dl汀ingcorltinuous如e days the  
rivers are oniy nourishedbythe snow andice melt  
Waterfromtheablationareaoftheglacier．Thuswe  
Set up the relationship between daily discharge and  
meantemperature，for the days when there was no  
precipitation払ratleasttbreedays．Tbereiationships  
arei‡leXpOnentialform（Fig，乳  

The formulasareasfollows：  

01A＝0．98g仇28T （γ＝0．99，乃＝8），  
q。＝1．82gO・20T （γ＝0．91，乃ニ13）．  
QA＝0．19g仇42T  （㌢＝0，96，乃＝8）．  
亀B＝0．24gむt46で   く㌢＝8，83，揮＝12〉．  
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Where Qia the daily glaciermelt discharge（m3／s），  
Suffixl，2，A，BmeanrespectivelyatBaseCamp，at  
TianshuiRiver Station，duringJune －July，and  
during August・… September．Tis daily mean air  
temperature（OC）atBaseCampontbecorresponding  
day，ris the correlation coefficient，and nis the  
numberofsamples．  
Theglaciermcltdischargecanbeestimatedfrom  

airtemperaturebytheseformula（4），（5），（6）and（7）．  
Subtractingtheglaciermeltdischargefromthetotal  
discbarge，We Obtai‡ied tbe precipitationformed  
l・u‖いff．  

5．Basic characteristics of runoff  

JJん川仙J／川J叫）▲  
Thecharacteristicvaluesofrunoffoftheriversin   
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＾pri）  May  June  July August ScptembeT Oc10bcr M｛〉nlh  

FigT5・Variationofflowrate．airtemperature，preCipitationand  
COmpOSition of runo汗at Base Camp．Tbe flow raもeis  
璧paratedintotbeprecipitationrunoff（1）andtbeg王acial  
rt】nO抒（2），  
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Table3．Parameters of annuair皿Offirlthe Gozba giacia短d area，from May to Septem反㌻，1987．  

Statioil   Meandischねrge  王RtmoffvolⅧm應  】specificdiscbaTge  R皿Offdeptb  Rtmoff composition   
name  Rumlff亘匹  Q   Ⅳ   慮   ガ   

（m3／S）   （106m3）   （L／s．km2）   （mm）   （％）  

Combinationrunoff   2、31   25．97   10．3   Base  116．0   100  
G王acierrtlnOff   1．86   21．05   17．7   200．2   Camp  81  
PrecipitationrlmOfぎ  0．45   4．92   3．8   41．4   19   

T主an＄bui  CombinationrlmOff   8．64   7．09   9．7   107．4   100   
River  Glacierruno抒   0．46   5．07   20．7   227．9  盲  71．6   
Sもaもion  P昭ipitat…onrunoff  0▲ま8   2．02   4．1   46，1   28．4   

issma11er thanthatin thelatter．  
h order to determiTle mean mnOff coefficie王It，  

precipitation must be assessed．The water balance  
eqlユatiく）nisas払iiowsinac王osedbasi‡l．  

P＝忍十左  （8）   

WhereP尼E arerespectivelytheannualprecipita－  
tion，discbargeandevaporatiorま，   
InthisequationRisknown◆Evaporationinthe  

basiniscomposedoftwoparもS：eVapOrationfromtbe  
glacier area and no喝1acier area．According to ob・  
SerVationinJulyandAugust，mOnthlyevaporationon  
a bareground surfaceisabout20、Omm．Ollthe firn  
餌rねceofCbor喝CeIceCap，Takabashig才βg．（1989）  
estimated the evaporation rate ofl．36mm／d from  
July23toAt三脚Stま8，1987，bywbichmo雨blyevapora－  
tionisabout40mm．Thusweobtainaveragemonthly  
evaporationof22．3mminthewholebasin．Assumlng  
thattheevaporationtakesplacemainlydl汀ingMay  
toSeptemberintbemeltingper主odw壬1enairtempera－  
tureisaboveOOC，WeObtainananriualevaporationof  
lll．5m汀主．ぎrom eqtlation（8）tわe mean calcuまated  
annualprecipitationis227．5mm．The mean runoff  
COefficientoftheglaciatedregionbecomesO．51．Caト  
Cuiating runoffcoefficient for tbe glacier areain a  
Similarmanner，thisbecomes軋73，The supply from  
g重acierme王twater主s軌e王argest，aCCOtlnti王1gfor70榊  
80％of払eannualtotaldischarge．Thispercentageof  
glaciersupplyislargerthanthatofothercontinental  
giacierregions．   

ごノハ山川‘J／川J■んJ／ふ〃イn仙中一  

Thehigbestwaterleve王1aggedb洩indbigbestair  
temperaturefor5hourseveryday（Fig．7）．Thewater  
temperaturevariationissynchronouswithairtemperq  
ature．Ino払erⅥrOrdsthedailymaximlユmairtemperax  
tl∬e and water temperaもure appear at about17：紬，  
Whereasthemax主mum waterlevelappears at22：00、  
Tbeminimlユmdailyairtemperatl】realldwatertem－   
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Fig．6t Re！ationsb主pbetween dai】y mea11恥v raとe and8aily  
meanairtempαatureduringnoprecipitationぬysaとBase  
Camp．Curvel毎iTCまes）isin junear王dJuly，and cwve2   
（cr（〉S＄eS）isinÅugusもandSeptember．  

theGozhaglaciatedregionduring1987areshownin  
Table3】  
ぎromTab王e3wecanseetbattbediscbargeintbe  

Gozhaglaciatedregionisnotatallgreat．Considering  
theBaseCamp，theannualrunoffdepthandspec漬c  
dischargearel16．Omma‡ldlO．3L／skm2respectivelyin  
theglaciatedregion．Netglacierrunoffis200．2mm，  
andspecificdischargeoftheglacierrunoffis17．7L／  
Skm2．Ifitis asstimed払at tbe twoice capsin tbe  
regiondonotmeltandtheirareaisexcludedfromthe  
tota呈glacierarea，也enetg主acierrunoffdeptbandtbe  
SpeC摘cdischargebecome245．Omm and22．1L／skm2  
respectively．  

The annualrunoffis also related totheglacier  
type，ForexampletilerearetWOicecapsi‡lthebasin  
aboveBaseCampandnoneirlthebasinaboveTian－  
Shtユ主RiverSta貞on；thustberunoffintbeねrmerbasin  
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Table4．The annualdistributior10f runoff at Base Campin the Gozha glaciated areain1987．  

Mo‡1血   1 2  3  4  5  6  7  S  9 1（）1112  T（）tal  力me→August   

Glacierrunoff   0  0  0  0 0．9 8．930，739サ020．5  0  0  0  100％  78．6％   Combinati（〉nrunOff  0  0  0  窮1．712．033．035，018．3  0  0  0  100％  80 ％  
Tab王e5，Tbe CがValue of runoffin the Gozba g王aciated area．  

IMay-September 1  2  3  4  5  6  7  8  9 10 11 12  
¢．12 0．27 0．32（き．23 0．22  

dischargedataofGanggumuiuoke‡1ydrographicstaサ  
tionontheYurunkaxRiveronthenorthslopeofthe  
lVestKlユnlunMou如ains．Tbeempiricalformtliais：  

01＝0．009¢＋0．55（γ＝0．95，乃ニ13）． （9）  
where a and Q（m3／s）represent thelO－day mean  
discbargesatBaseCampandGang卯muluokehydro嶋  
graphicstationrespectively，risthecorreiationcoef・  
ficient，and乃isthe王iumberofsamples，   
Accordingtotheextendedseriesof26years，the  

annualdischargeof1987wasveryclosetothemulti  
yearmean．1tissuggestedthatthedischargedata  
observedin1987canrepresentthemtllti－yearaV餅age  
regimeoftheGozhaglaciatedreg10nL  

The coe抒icient of variat主on G refiectiIlg払e  
yeariyvariationcharacteristicsofthedischargeinthe  
glaciatedreglOnisshowninTable5・  

The statisticairesults shoⅥr that the morl洩1y  
c壬IaれgeOftbecoe托cientsofvariationisconsiderable・  
T圭1emaXimumappearsi‡りuiy，G＝0．32，becauset主1e  
dischargeirlJulyisin恥encedl）ytheprecedingseか  
SOnalprecipitation  
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Fig．7．DiumalvariationofwateTl郡e王，Watertemperaもu代and  
airte汀1perattlreatBaseCamp如mA11郡Sも25to27，1987・  

perature appears at about8：00，and the minimum  
vaterlevelappearsataboutll‥00・   

－．一！い．・りJ．－．J∴／l‡jて∫．・‥・－リ工・J・・JIJ．▲～‥・・jご・J  
J7仙そげ  

InTable4，thedistribution ofannualdischargeis  
shown．Theperiodofpositiveairtemperatureisvery  
sborta王1d払eprecipitationisconcentratedinsummer・  
In a hot and wet year thedischarge fromJune to  
A脚StmayamOunttO80％oftheyear’stota重・  
Theshortseriesofdis（：hargedataintheGozha  

glaciatedreglOnisextendedbasedonthelongterm  
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