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Abstract  

HydrologicalobservationswerecarriedoutintheTanggulaMountainsontheQingzangPlateau  
asapartoftheCREQ（CryosphereResearchonQingzangPlateau）project．Themainhydrological  
itemsobservedinCREQweredischarge，SOilmoisturecontentsandgroundtemperature．Allitems  
WeremeaSuredfromOctober1992toSeptember1993withsomeoftheseitemsbeingmeasuredfrom  
October1991．Almostalloftheannualdischargeoccurredduringthesummerseason，fromJuneto  
September，regardless of the watershed size and ratios of glacier areasin the watersheds．The  
percentagesofthesummerdischargeweremorethan85％oftheannualdischarge．Aglacialrun  
－Offformedaseasonalvariationofdischarge，andinter－diurnalvariationsofrun－Offwerecausedby  
dischargeofprecipitationthroughsoillayers．Depthsofactivelayersindryfieldsweredeeperthan  
thatintheWetland．TheannualrangeofgroundtemperaturewassmallerintheWetlandthaninthe  
dryfields．Heatconductivityofthesoillayerwhichwasanindexofsoilmoisturecontentschanged  
largelyinthesurfacesoillayerabove20cmdepthinthedryfields．OntheotherhandintheWetland，  
theheatconductivitywasconstant，duetolittlevariationofthesoilmoisturecontent．  

1．Introduction  

ThecryosphereintheQingzangPlateauconsists  
Of seasonalsnow covers，glaciers and permafrost  
Which controlthe hydrologicalcycleinthis region．  
An understanding of cryospheric effects on run－Off  
Characteristics，SOilmoisture movements，melting  
layersinpermafrostandotherhydrologicalprocesses  
isindispensableforanalyzingthewatercyclesystem  
in the Qingzang Plateau．However，hydrological  
Observationsinthis area havebeen scarce owingto  
SeVereClimateandgeographicalconditions．  

Ohataetal．（1991）carriedoutmeteorologicaland  
hydrologicalobservationsintheTanggulaMountains  
inMayandJune1989．Itwasreportedthataperma－  
frost table functioned as animpermeablelayer，and  
thatthesaturatedsoillayerwasformedonthetable．   

Hydrologicalanalysesforafullwateryearcouldnot  
bedoneintheseinvestigations，andthedischargedata  
WaSnOtObtained．YangandWoo（1988）analyzedthe  
Stream flow characteristics from month1y discharge  
dataintheNorthernQingzangPlateauandreported  
that runOff characteristics were different between  
COntinuous and discontinuous permafrost areas．  
However，relationsbetweenhydrologicalcharacteris－  
tics，forinstance，Waterbudgetorrun－Offcharacteris－  
tics，and cryospheric variations were not clear，and  
water budgets at several basin scales were not 
obtained．  

ThehydrologicalobservationsinCREQ（Agetaet  
al．，1994）aimedtogathercontinuousandhighquality  
datathroughoneorseveralwateryears．Mainpur  
posesofthehydrologlCalobservationsareasfollows：   

1）To analyze water budgets and cryospheric   
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effectsatseveralbasinscalesintheQingzangPlateau． called the Smau Watershed，the Middle Watershed  
2）Toanalyzerelationsbetweenrurl～Offcharac－  and the Large Watershed．The watersheds were  

teristicsandcrぅ70Spbericvariaとion＄．  記1ectedtoarlaiyzeef毎ctsofglaciersandpermafrosも  
3）Toanaiyzeinteractionsbetweenhydrological on hydrologicalprocessesin different watershed  

processes，eSpeCia11yevapotranspiration andrunrOff， SCales．The observations were carried out from  
andatmosphericcondit主ons．  October1992toSeptember1993．Hydrologicalitems  
This pal光ris a preliminary report on the were also observed at the terminus of r）ongkemadi  

hydroiogicalobservations主nCREQ．Theout壬inesof Glacier，WhichwaslocatedattheheadoftheSmail  
thehydrologicalobservationsareshowninthisreport， Watershed，durillgthe1993summerseasononly，from  
and the≠rater bLldgetin this areais prelimiIl；lrilr Julylst t（1Septenlber16th．Theloぐation and the  
investigaとed by a ba＄in water bala‡lCe metbod． topograp‡lical良atureof也ewatersbedsaresboⅥⅥin  
Detailedresultsaboutthesoilmoisturecontentsand Fig．1，andtheoutlineofthewater洩edsarepresented  
thegroundtemperaturearereportedbyYabukieiaL inTablel．Fig，2showspercentagesofeachareain  
u99射．  every2Ⅲ1mintervalof altitudes for the three main  

watersbeds．  
2．Watersheds and methods of observatjon  

ユユ．1ん1〃川南（！／‾0む（ソ・Ⅲ晶JJ  
ユ1．（．）［（（／iflt、（！I■［（1（Zt（TY掠漆  H〉・drol（1giealitems observedin this project are  

HydroIogicalobservations wt？re maiT11）・earripd sumnlilTLizedin Table2．  
outinthreewaterdledsofwhichthesmalleroneisthe  Itemsobservedattheoutletsofthesewaterdleds  
headwaterofthelargerone．Thesewatershedswere were waterlevel，Water temperattlre and electric  

Taもiel．0Ⅵt】irieOftileWaterSbe（董s．  

Watershed Name AItitude of Watershedarea Percentageof Observingperiod  
the outlet glacialarea  
lml  （klが）  （？ム）  

Largel野atersbed  4700  4538．0  4．5  1992／1（ト  
MiddleWatershed  5030  563．63  7．9  1992／10－  
Sma11Watershed  5060  50．50  32．9  1992／10－  
TerminusofGはcier  5300  21．49  74．0  1993／7－9  

Table2．Listofthehydro10gica壬measurements．  

Observation site  Altitude 蝕items Interval Obs，Period  Remarks  
Large  4700   1好  1br． 1992／10－  

E，Tw lhr． 1993／6－  SlimmerSeaSOnOnly  
Middle  5030  W  l hr， 1992／10－  

E，Tv lhr． 1993／5）  Summerseasono†i王y  
Smai王  5060   1好  1br▲  1992／10－  

E．Tw l hl■． 1993：；’5－  SunlmeTSeaSOnOnly  
Terminus  5300  W  lhr， 1993／7州9  

E，Tw lhr． 19g3／7｛9  
DlOO  4800  K，Ts  12IlrS． 1992／10山1993／9  4depths  

lつ  川IlliIl． 1993ノ5－ボ  
ロま05  5040  K，Ts  12 h指． 199179抽1993／9  7deptあs  

P  lO min． 1993／5－9  
Wetland（ⅥrL）  5140  K，Ts  12 hrs． 1992／10．1993／9  4depths  
TanggulaPass（SH） 5206  P  lO m量れ． 1993／5－9  

V：Waterievei  
E：Electriccollductivityofstreamwater  
Tw：Temperatureofstreamwater  
K：Heatcor主ductivityofsoiま】ayers  
Ts：TemperatⅥreOfsoi里iayers  
P：Precipitation   
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Fig，1．Locationandtopographicalfeaturesofthewatersheds．  
note A：TheLargeⅦ■atershed（YangsbipiTlg，4700ma．s、】．）  

B：TbeMまdd！elⅣatersbedく5030ma、S．l．）  
C：TbeSmalil好aters王1療＝5060ma．s．i）  
D：TbeterminusofDongkemadiGiacier（5300r－1．a．Sエ）  
1：DlOO（4800ma息l▲）  2：DlO5（5040ma，S，i，）  
3：W‘etland（5140ma．s．王．）  4：8aseCamp（5060m乱S，り  
5：GlacierCamp（5500ma．s．り6：Tang那1apass（5206ma．s．り  

Contourline are drawn at200minterval．  
Dotplacesareglaciers．   

5000 5400 5800   
Altit心血（m）  

MiddleWatersbed   

5000 5400 5800   
Aま畠ude（m）  

brgeWatersbed  

5000 5400 5800   
Al軌ude（m）  

SmauWatershed  

Fig．2，Distr董buもionsofaltittldesat208minterva王sinthewatersbeds．  
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therrnistorsビ11SOrS．eVerylコhotlrS，6：OOand18：Ol）B．  
S．T．forilye；lr．TheseitemsⅥ・ere Observed at four  
depthsatthesiteDlOO．at fourdビPthsこ1ttheWetland  
a11d at se＼▼e［ldepths at the site r）1O5．The observa－  
tio11SWビrCLCarriedoulfromOctober1991toSeptem・  
bcLr199こ1．atDlO5andfromOetober1992toSビPtember  
199こミニIt r）10u and the tVetland．  

3．ResuIts and Discussions  

ユJ．ふ．：〟ご（二けI（JJ…J血′ノり′J∫わJ血中〟止血脚－J融了S  
Figure 3 shows daily discharge from the three 

main＼＼▼aterSheds for the obserYed〉rear．Discharge  
inereasedl；lteinJutleilTeSPeCtiveofwatershedscales  
alld ratios of gtaciers．Almost allof the annual  
dischilrgeOCCtlrredfromtheendofJunetoSeptember，  
and the pt｝lLCt｝ntageS Of dischこIrge fot●the sumn■ler  
season，fromJune to Septenlber，tO the allmlaldis－  
chat・geattheSmall，theh：liddleLandtheLargeWater－  
sbedwere87．0％（320mm），92．1％（329mm）and弧6  
％（135mm），reSpeCtiveまy．   
ItcanbeseeIlinFig．3thatthedischargビfluetuat－  

ed widely during the sumTner SeaSOn at the three  
watersheds．r）ischargeat LangtangKholこ1．Ofwhich  
theLbasinsileissi111ilartothen・IiddleWatershedand  
theglacialpercentaget（1fheSlnallWatershed．Nepal  
llima】a〉Ta from1985tol！）ボ6varied smootl巾・（Fuktl－  

亡Onducti＼＝ity，atldtlleyWereObservedonceever）Phour・  
Dischargewasealculatedbyrelationsbetweenwater  
leveland the amount ofdischarge．These relati（一nS  
were obtained by cross secthIISurVeyS Of ehannels  
andmeanf）owspfLedmpこISurementSatthe60㌔water  
depth．WaterIevelwas meastlred by prビSSure  
sensors and the minimum rcs（）1ution of the prビSSure  
sensor fora summerseason，MaySeptember，WaSI  
cm．fora winteTSeaSOTl．October April．itヽl，aSlOc111．  
－Water temperature and electric conductivity were  
usedtoseparaterunOfffrotnglaciersandsoi11a〉TerS．  
WatertenlPt＞ratureWaSalsousedtoobtainvaltleLSOf  
eleetricぐOnductivitiesatawatertenlperatureOf25て．  

As the soill110isture contenti11CreaSeS SO do the  
values of heat c（一nduetivity of soillayers．and soil  
l11OisttlreCOntentSCallbeestimatedfromtherelations  
between them．So．heat c川1ducti＼・itics and gTOund  
telllPt？ratureWeremeaSuredattt－reeSites，DlOO（480O  
ma．s．1．1．DIO5（5（1？Oma．s．l．）こIndtheWe【1and（51冊T11  
a．s．l．）．Ground surfaces at DlOO andI）1O5＼＼でre  
sparselycoveredwi払許aSS，andtbesurfacecondition  
w；1Sfl；1t．Onth∈・Otherhand．densegrasscoveredthtさ  
gTOund surface at the Wetland，and formビd earth  
hunl1110Ckin which thビ Surfaee was verr rtlgged．  
Loeationsofthpstlld）・SitesこIrealsoindicatediIIFig．  
1．Heat conducti＼rities were observed by heat pr（1be  
sens（lrS．atld gl・いu11d tell叩el●al．tlre＼、▼aS nleaStlred b）－  
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Shimaggα乙，1987）．Tbewidef王uctuationofdischarge  
duringthesummerseasonisoneofrun－OffcharacterT  
isticsinthisarea．  

且2．風通愈珊S 鮎血彫Ⅵ 〃似蜘州毎画血㌧祓邪朗鹿d傲   
（お砂ゐcゐα曙e g解αざ〝研研gγぶ仇器0邦  

Figure4shows the daily discharge at the four  
hydroIogicalstations．The dailymean temperature  
and precipitation rates every half day were also  
ぬowninthisf短tlre．Temperatureandprecipitation  
WeremeaSuredattbeBaseCamp，5860ma．s．lリaIld  
moredetailsarereportedby Ueno‘イ〟l．（1994）．  

Seasonalvariations of discharge from the all  
WaterShedsweresimilarduringthe1993summersea－  
SOn．Theabruptdecreaseofdischarge，atthebegin－  
ningandaround20thofJulyandatthebeginningof  
September，OCCurred when daily mean temperature  
al＄Odropped．Precipitationrateswerealsolowwhen  
the temperature dropped．Glacialdischarge  
deereaseswiththedropinthetemperature，anddis－  
Cbargeたomsoillayersdiminisbeswiththedecrease  
Ofpreぐipitation．Si11⊂edet：reaSeSint†le temPerature  
and the preeipitation occurred at theL Sanle time．theL  
totalizeddischargefromglaciers and soillayersde－  
CreaSedabruptly．   

且ユ」軌川－qダノね桝αgぬcブgγα犯dαぶ0才才物′gγわ官娩e  
SJI∽／／Il有J（－n／汀d  

Figure5showsthedailydischargeattheterminus  
OfDongkemadiGlacier，attheSmallWatershedand  
thedifferencebetweenthem．Theunit ofdailydis－  
Cbargeinthisfigureism3day－1，Sinceitisaimedin  
this seぐtion to obtain the totalqtlallt巾‾Of the dis－  
Charge from aglacier and a soi11ayerin払e Small  
l好atershed．Discbargeattileterminusoftbeglacier  
WaSCOnSiderednottobeformedbyonlyglaciermelt  
Water，becausetheglacialpercentagewasnotlOO％，  
asshowninTablel，andvaluesoftheelectricconduc－  
tivity at the hydrological station were higher than 
thoseofwaterflowontheglaciersurface．Butthe  
majorpartofthedischargecanberegardedastherun  
NMOfffromtheglacier，becausetheglacialpercentage  
WaShigbinthecatchment．  

TbevariatioriOftheglacialrun－Offwassmoother  
払a†lthatoftbediscbargefromthesoi王1ayer．The  
glacialmn－Offaffectedtheseasorlaldisc壬IargeVaria－  
tionstronglyin払eSmal11Ⅳaterぬed．On也e otber  
hand，dischargefromthesoillayerwa＄widelyvaried，  
anditisconsideredthatthiscomponent formedthe  
inter－diurnalvariation．The variation of discharge  
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Fig．4．Seasく）na王variationsく憂ftllediscbarge，tbeamo㍊ntOf  
precipitation and tbe dai王y mean temperature d11d喝  
也e1993sum汀）erSeaSOn，TIleamOurまモOfprecipitati（）n  
andthedailymeantemperaturewerereportedbyUeno  
ゼg戊～．（1994）．  
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Fig．5，Hydrographsofthesma11watershed，glacierrunoff  
andsoillayerrunoffinthesummer，1993．  

atLangtangKholawassmootherthanthoseinTang－  
gulaMountains，aSmentionedinSection3．1．These  
restlits appear to suggest tbat discharge from soil  
layersco11tributesmorestronglytothetotaldiscbarge  
in the Smalll好aters主Ied than at Lan離ang Khoia，  
Nepal．  

Peakdischargeratesfromthesoillayerswerenot  
related to the precipitation rates shownin Fig．4．  
Dischargefromthesoildoesnotnecessarilyincrease   
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totheannualprecipitationatYangshipingwhichwas  
the hydrologicalstation of the Large Watershed  
（YangandWoo，1988）．Thentheannualevapotran，  
SpirationintheSmallandtheMiddleWatershedcan  
beestimatedtobe312mmand257mm，reSpeCtively，  
fromthedifferencebetweentheannualprecipitation  
and discharge on an assumption of the equilibrium  
anntlalbalanceofglaciers．Inthiscase，theannual  
evapotransわirationiritbeSmallWatershedisequalto  
45．9％oftheannualpreeipitation，and41，8％inthe  
Middlel野atersbed．  

Tbesevaiuesofevapotranspirationmaybeovert  
estimated，becauseaglacier’smassbalanceisconsid，  
eredtobepositiveforthiswateryear（Seko et al．，  
1994）and the amount of dischargeused for these  
calculations are not for a fu11year．Effects of a  
glacicrmassbalance onthe waterbudgetisconsidq  
eredto bc relativelylargerat the SmallWatershed  
thanattheotherwatersheds，Sincethepercentageof  
theglacialareaislarge，aSShowninTablel．The  
waterbudgeとpresentedinthissectioni＄COnSequerltiy  
preliminaryvalⅥeS，anditisberea食erneededtoesti－  
mateeだects ofglaciers on払eⅥ㌻atert〉Ⅵdget at t壬Ie  
severalbasinscales▲  

ユう．ふ）′／〃川∴ゞ／J′J・＝、り〃／「〃／〟〃（／gハブ～川√／／√けゆ川7／J′れ】  
Onlyabriefdescriptionofthesoilmoistureand  

the ground temperature variation during the study  
periodisgiveninthissection．Thedetai】ed results  
arepresentedbyYabukieial．（1994）．  

Figtlre6shows annualvariationsin theground  
temperatureatthethreesitesfromOctober1992to  
September1993．Activelayer deptbs at DlOO and  
Dユ85where soilmoisture conditions were compara－  
tiveiydryweremore払a‡180cmdepth，andthatatthe  
Wetlandwhereagroundwatertablewasusuallynear  
asoilsurfacewasabout80cmdepth．Thepermafrost  
meltedearlieratDlOOthanatDlO5．Thisisprobably  
becausetheairtemperaturehigherattheformersite  
thanattheDlO5．DlO5waslocatedabout200mabove  
DlOO．  

Figure7showstheseasonalvariationsoftheheat  
COndtlCtivity at DlOO，DlO5and t‡leⅥretland from  
October1992to September1993．Soilwater was  
frozenduringtbewinterseaso王l．Tbeheatconductiv－  
ityoficeat也etemperatⅥrenearO勺C（2．21貯m‾ユK■1）  
isaboutfourtimesthatofwaterattheternperatureof  
ObC（0．566Wm，1K，1），andtheconductivityofafrozen  
SOillayerisconsequentlylargerthanthatofamelted  
layerunderthe samemoisturecondition．Therela・   

Withincreasingprecipitationifthemostprecipitation  
isintheformofsnowfa11．Precipitationform，rain－  
fallorsnowfall，Changeswiththetemperature．Then  
thearealpercentageinwhichtheprecipitationtypeis  
rainfallin watershedsis variable according to the  
temperature．Thisis probably due to the effect of  
temperaturethroughprecipitationform．   

ごゞ．イ．′’汀／／け諭J‘〃γ（、∫／／仙ノ〟り〃（！／‘け山h■ hJrぬイ／IJ／んく、  
ゴ〝山J／／‘川d硝（TJ〃rム〟tllliJん，タ下んt、′ム   
Inagiaciatedvatersbed，thewaterbaiancecan  

bewritとenas；  

P＝Q＋g＋dS＋dG  （1）   

WherePisprecipitation（mm）；Qisdischarge（mm）；  
Eis evapotranspiration（mm）；dSis the change of  
WaterStOrageinsoillayersatthebeginnlngandthe  
endofawaterbudgetperiod（mm）anddGisawater  
equlValent of a mass balance of a glacier during a  
Waterbudgetperiod（mm）．T‡leValueof必，ingen－  
era王，isregardedas8foroneⅥrateryear．  
Tbeannualdisc壬IargeintheSmailandtileMiddle  

WatersIleds vbicb were head waters of tbe Large  
Watershed were367mm and357mm，reSpeCtively．  
Thenumberofdaysobservedatthewatershedsare  
around350，SO these are not values for afu11water  
year．Percentagesoftheamountofprecipitationfor  
the summerseasonsonly at D100，4800m a．s．1リand  
TanggulaPass，52O6ma．s．1”tOthatattheBaseCamp，  
5060ma．s．l．，Were97％and91％，reSpeCtively，and  
thepercentageattheGlacierCamp，5500ma．s．L，WaS  
135ヲ≦（Uer主O g£α乙，1994），TbeamolユntOfprecipita－  
tion did notvary mucb witb thelocation along t壬Ie  
main riverin the Largel好atersbed．On払e otber  
band，tbeamountofprecipitationincreasedwi血統e  
altittldesin tributaries．So，reユations between the  
amount of precipitation and altitudes in the head 
WaterOfTanggulaMountainswererough1yassumed  
aS；  

P（ゐ）＝」㌔c  ；ゐ＜5200（2）  
ダ（ゐ）＝（1＋0．00117（カ…5200））月虻；ゐ≧5200  

WhereP（h）istheamountofprecipitation（mm）athm  
a，S、l．andj㌔cistbeamotlntOfprec主pitation（mm）at  
tbeBaseCamp．T王1eamOuntOfprecipitationiil洩e  
SmallandtbeMiddlel好atershedsfrom23rdMayto  
20thSeptember1993wereestimatedtobe561mmand  
507mm，reSPeCtively．The annualprecipitations at  
thesewatershedswerecalculated679mmand614mm，  
respectively，Onthebasisofthemonthlypercentages  
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tionbetweentheheatconductivity and themoisture  
eontentinthemeltedlayerisconsideredtobediffer－  
ent from thこItin the frし一Zen One．The apparent heat  
COnductivityofsoil，besides，isfluctuatedwidelyina  
daybytheeffectoflatentheatatthesoiltemperature  
nearOOC．Thus，thevariationsoftheheatconductiv－  
ityfortbesummerseasononiyaresbovninぎig．7．  
Asぬesoilmoisturecontentincreases，ingenerai，  

SO does the heat conductivity，but exact relations  
betⅥreen偽e beat conductivity and tbesoiimoistl甘e  
COntenthavenotyetbeenobtainedforthestudysites、  
Sea＄Onalvariationsofthesoilmoisturecontentswere  
thereforeinferredfromtheheatconductivitymeasure－  
nlentS．Heこlt COnductivities at r）1OO and DlO5v；lried  
rapidly above20cm dep重丸and払e soilmoisture  
contentincreasestowardsmidsummer．Ontheother  
hand，the soilmoisture contents were kept at high  
throughthestlmmer＄eaSOnattheWetlandsite，Since  
VariationsofbeatcondtlCtivitieswereverysmall．   

4．Concludingremarks  

Prelimi11ary reSultsobtainedby the・h），droIogical  
Observationsareasfollows；   

l）Most of the runOff oeeut■red fromJune to  
September，a‡ldpercentagest（）tbeannもはIdiscbarge  
WeremOrethan85％inallthewatersheds．  
2）Discharge decreased abruptly at the three  

WaterShed as the drop of air temperature and the  
decreaseofprecipitationoccu汀ed．  

3）Theglacialrun－Offaffectedtheseasonaまvar主a－  
tionofthetotalizeddischargeattheSrnaliWatershed，  
andtheirほer－diurrlalvariationwascontroiledbytbe  
dischargefrom払esoillayer．  

4）Annualevapotranspiration was estimated to  
beabout45％ofthe annualprecipitation．Thisis  
OnlyacrlユdeestむmatetbatisとObeimprovedbycon－  
Sideringtbeglaciermassbalanceeffect．  

5）Depthsofactivelayersatdryfieldsandawet  
fieldweremorethan80cmandabout80cm，reSpeC－  
tively．  

6）T壬汀Ough tbe summer season，SOiま moisttire  
COntentWaSlowandvariedquicklyinthedryfieids，  
WhereasitwashigharldrlearlyconstarltValuesi‡1the  
Vetfield汰roughtheslimmerSeaSOrl．   
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Fig．6－ Annualvariations ofぬe ground temperature at  
DlOO，DlO5andWetlandL  
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