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Abstract  

MeteorologicalandhydrologicalstudiesweredoneonQingzangPlateautoinvestigateexisting  
COnditionsforglaciologicalphenomenastlChasglaciers，andalsotoinvestigatetheroleofotherform  
Ofsnowandice，thatissnowcoverandpermafrostinthewatercycleandenergyblユdgetinthisreg10n．  
MostworkwasdoneintheTanggtlla M（1untaillSinthecentralreLgion ofthe Plateaufrom Mayto  
June．1989．TwomannedstationsIVereSetOngrOundsurface（51711ma．s．1．1andonglacier（5570m  
a．s．l．）andtwootherautomaticobservationstationswerealsoset．Arealmeasurementsweremade  
bymovingobservations，andaerologicalobservationsweremadebypilotballoons．  
ThisreportpresentstheobservationsysternSandpreliminaryresultsofthisstudy．Character・  

isticfeatureswereoccurrenceofabundantsnowfall，partlyduetolargescaledisturbanceandpartly  
duetostronglocalconvection（precipitationfromcumulonimbus）．The6180valueofprecipitation  
Showsapossibilityofprecipitationfromlocaloriginwatervapor．Formationofsnowcoverresulted  
incoolingofatmosphere andretardationofdeepeningofthepermafrost activelayer．Abundant  
evaporationwasobservedfromthesnowcover andglaciersurface．AnautomaticmeteorologlCal  
Observationsystemismaintainedinthisregiontocollectlongtermdata．  

1．lntroduction  

Meteorological and hydrological observations  
WeredoneinthecentralregionofQinzangPlateauto  
investigatethebasicsurfaceenergyandhydrological  
processes occurringin the surfacelayersin the pre  
MmOnSOOnSeaSOn．Thiswasthesecondphaseofthe  
StudyonthecryosphereonTibetanPlateau，fo1lowing  
theworkintheWest KunlunMountainsin thesumT  
mer of1987（Zileng g≠α乙，1988；Ohata ggαgリ1989；  
Takahashi（イa／．．1989）．ThereasonforthビSelection  
Ofthisperiod wastoinvestigate the characteristics  
duringthetransitionfromthedryandcoldseasonto  
thewarmandwetseason．   
TheobservationsintheTang糾11aMountainsin   

19柑consistedoffollowingsixmainobservations．  
（1）Surfacethermalandmoisturecondition，andheat  
andwaterexchangeatthegroundsurface．  
（2）Characteristics of permafrost，and conditions of  
SOilmoistureandgroundwater．  
（3）Heatandwaterexchangeontheglacier，eSpeCially  
evaporationprocesses．  
（4）Thearealvariationinmeteorologicalconditions  
onthescale ofa短wte11SOf km．  
（5）Characteristicsoftheatmosphericcirculation．  
（6）Acquisition ofl（1ng term metOビOrOIogi亡aland  
groundぬtausil唱anautOmaticobservationsystem．  
TheobservationsitesareshowninFigs．1and2．  

ThemainobservationsitewasBaseCamp（BC；5170  
ma．s．1．，33ウ02′N，92002’E）alongtheDongkemadiRiver．   
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Fig，1．Mapofobservationarea．   
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Fig．2，Positionsofstationsneartheglacier．Theglacier・isindicatedwithhatching．  

Thegroundsurfaceconditionofthisval1eyconsisted  
Of two typicaltypes．One was rather flat surface  
Withshortgrass，andtheotherwasratherroughand  
generallywetsurfacewhereearthhummocksseveral  
tensofcmhighdeveloped．Thesurfacewatercon－  
tent oftheformer surface wasgenerallylowerthan  
that ofthelatter surface．BC waslocatedina area  
Wheretheformersurfacepredominated．  

Otber temporary observation sites were Glacier 
Site（GS）forglacierstudy，andDlO5andDlO9where  
automaticobservationsystemsweresetup．GS（5570  
ma．s．りwassetupontheablationareaoftheeastern  
branchofDongkematiGlacier（Ⅹiaodo‡lgkemadiGla－  
Cier），andanotherAdva11CedCampくAC；5440ma．s．i．）   

foraccomodationonthesidcmoraineofthisglacier．  
GSis situated about6km northeastindistance and  
400mhigherthanBC．Furthermore，periodicmoving  
ObservationweremadealorlgthehighwayfromDlO5  
toDlO9；Observeditemswereareaofsnowcover，air  
temperatureandgroundtexture，  

Thesurfacecondition＄andtypesofobservation  
done at each site arelistedin Tablelt The whole  
period of observation was from May12toJune12，  
1989，Shortenedfromtheoriginalscheduleduetothe  
politicalsituationinChina．  

Thepresentreportwillshowthemainobserva－  
tionalresults obtained，Anaiyticaland syn也etical  
WOrkswillbe publishedlatビ「．ThetimeuseLdin the   



36  Bulletin of Glacier Research 

TablelAltitude，Stlrfaceconditionsandobserveditemsateachsite  

present reportis Beijing Standard Time（BST；  
GMT＋8hours），arldlocaltime of the observation  
areaisapproximatelyl．8hoursbehindBST，thelocal  
noonbeingapproximately13：50BST．Thenameof  
theauthorofeachsectioniswritteninparenthesesat  
thetopofeachsectioIl．   

2・Surfacemeteor010gicatobservationsat8C．（Oha・  
ta，T．）  

Meteoroiogicalelements observed andinstru－  
mentsusedatBCareshowninTable2．Thedaily  
meanandtotalvaluesofobservedelementsarelisted  
inAppendixl．Mainobservationsweremadebyan  
automaticobservationsystem，Otherelementssuch  
ascloudamountweredonebyeyeobservation，and  
・SOmeWeredonemanua11y．  

Thevariation＄inmeandailyvalue ofthemain  
meteorologicalelements are shownin Fig．3．The  
Surfacegroudlayerswerequitedrywhenwearrived  
atthatsiteonMayll．Theprecipitationdataatthe  
meteorologicalstationlocated150kmNNE（Tuotuo  
He）showedthattherewasnoprecipitationbeforethe  
Observationperiodformorethantwoweeks．  
Air pressurevariedof9mbduringthisperiod，  

lowestonMay14andJune6，butthelowestpressure  
did notco汀eSpOl‡dtothebighprecipitationperiod．  
Windspeedwasgenerallyhighexeeptfromtheetldof  
May†othebegi11ningofJune．when therビWaSSnOW  

COVer．  

ヱJ．4Jr／川ゆ川畑川1川〟山川症頼・  
Periodmeanairtemperatl汀eWaS－1，20C；daiiy  

meanairtemperatt汀eVariedbetween－8．4and3．70C．  
Mean dail〉・maXimum was3．6占C andit was higller  
tha）10てexcept forfourda〉■S：meL；1ndail〉，minimum  
WaS－6．O小Candit wasIowerthanO℃foralldays．  
TbemeandailytemperattlrerangeWaS9．60C．Large  
temperattlrerangeCOrreSpOndedtoiowbumidityand  
higb solar radiation；low temperature range corre－  
SpOnded to high humidity andlow solar radiation．  
Periodmeanrelativehumiditywas73％．   

Z2I侮dゆgg♂α紹d紺玩〟劇作Cめ乃  
Theperiodmeanwindspeedwas3．2m／s．Wind  

speedwaslowwhensnowcovcrexi畠tedattheendof  
May．Fig．4showsmeanhourlywindspeed．Wind  
Speedvariedfrom2to5m／sduringtheday．Itwas  
Weak during the morning hours and was strongest  
around17：00．  

FrequencyofthreeMhouraveragewinddirection  
isshowninFig．5．Themostfrequentwinddirection  
WereE to SE and W to NW，Whichisroughly the  
directionofthevalley，butthedirectiondoesnotshow  
SyStematicchange．Themostinterestingcharacter－  
isticsofwinddirectionistbehigbfreqtlenCyOfNⅥF  
WiTldinnighthours（3：OO5：001andhighfrequencyofE  
Willdinthemorninghours（09：OO－11：OOl．   
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（1989）forsnowfall．  

kズ＝1．05＋0．0412こJ十0．α抑7こJ2  

The corrected value coincided with the snow  
COVerWaterequlValentmeasurementmadefornight－  
timesnowfall，Whichshowedhighervaluesincompar－  
isontotheuncalibrated precipitationdata．Dueto  
thiscorrection，tOtalprecipitation becamelO6．6mm  
（Uncalibratedvalue74．3mm），andtotalprecipitation  

2．3伽c尋〉ょぉ′わ乃  
Mostprecipitation was snowflakes and graupel；  

on a few occasions hail was observed precipitating 
fromcumulonimbus（Cb）．Norainfallwasobserved，  
but on some warm days falling snow was partly  
melting．Duetosuchconditionsandrelativelystrong  
Wind，3to12hourly precipitation data observed by  
reserv1ngraingaugewerecalibratedaccordingtothe  
following correction coefficient obtained by Lapin  

Table2Elementsobserved，instrurnentsusedandfrequencyofobservationsatDongkemadiBC  

sensors  Accuracy   ・  Frequency  Elements  

0．1℃   

0．2％or20cm／s  
Whichever greater 
50  

3％   

0．8mb  

Aanderaa Co．  
（No．3145）  

Same  
（No．2740）  

Same  
（No．3150）  

Same  
（No．2820）  

Same  
（No．2810）  

EverylOmin  
lnstantaneous value  
lOmin．mean   

EverylOmin．  
lnstantaneous value 
Same  

Same  

Airtemperature   

Windspeed   

Winddirection   

Relativehumidity   

Airpressure   

Radiations   
Globalsolar rad．  

Platinum  
Resistor  
3－Cuptype   

Potentiometer   
type  

HygroscoplC   
hair  

Siliconchip  

Pyranometer  2mW／cEi  
Temperature  
difference type 
（0．3－2．5／オn）  
Temperature l．5％  
difference type 
（0．3－3．0／劇1）  
Temperature l．5％  
difference type 
（0．72－3．0／An）  
Temperature l．5％  
Difference type 
（0．3蠣3．0／オn）  
Temperature l．5％  
Difference type 
（0．72－3．0／An）  
Temperature l．5％  
Difference type 
（0．3－3．0／∬n）  
Net radiometer  
Temperature  
Difference type 
（0．3－3．0／∬n）   

Platinum  O．1℃  

Same  Same  
（No．2770）  

Eko Co．  same  
（MS－800）  

Same   
Same  

Same  Same  Reflected   
solarrad．  

Same  Same  

Scatteredglobal   
solar rad．   

Net radiation  

Same  Same  

Eko Co．  same  
CN－11  

Ground temperature 
（0，一10，一20cm）   

（－30，－50，－60，－70cm）  

Precipitation   
Amount  

Evaporation  
Cloud amount and  
type  

Surface condition  
Snow  

Aanderaa Co．  same  

every3hours  
readinginthe  
daytime  
every3hours  
measurement  
Same  
Same  

Same  
Same   

Resistor  
Mercury  
ThermOmeter   

Reserving rain 
Gauge（〆＝20cm）  
Lysimeter  
Eyeobservation   

Eye observation 
Measure  

0．5℃  
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Fig．3．Dailymeanandtotalvaluesofmainmeteorologicalelements．  

increasedby43％frommeasuredvalue．Considering  
thatpartoftheprecipitationwasinformOfgraupel  
andsmallhail，thetrueValuemaybealittlelessthan  
this．  

One characteristics of the precipitation process  
WaS frequent precipitation from developed cumulo－  
nimbuscloudswiththunder．Thedayswhenprecipi－  
tationocctlrredfromtbistypeofcloudareshoⅥmi11  
Fig．3by asterisks．‡王owever the most abundant  
precipitatiorlattbeerldofMaywas110tOfsuchtype．  

Therelativeamountsofprecipitationindaytime（08：  
00－20：00）andnighttime（20：00－08：00）were23％and  
77％，reSpeCtively．  
TotalprecipitationforthesameperiodasBCat  

adjacent meteorologlCalstations was65．7 mm at  
TuotuoHe（4533ma息l．，150kmNNEofBC），88．3mm  
atAmdo（4680ma．s．lり90kmSSWofBC）．Consider－  
ingthatthesevaluesareunca‡ibrateddata，itcanbe  
Saidtbattbereisnomarkedincreaseofprecipitation  
in洩eTalュg卯Iaarea（：OmParedwitbthesu汀Ounding   
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2．4勉d由め循  
Meandailytotalglobalsoiarradiationwashigh  

at27．3MJj／nl＝dasseeninFig．3．Thisisdueprimaト  
ily to the high altitude of this region．The highest  
Value∴17．7MJ，！m2d．oceurTedonMay31．withdaytime  
meancIotldamountof4／10．Thisvaluewas93％of  
thesolarradiationatthetopoftheatmosphere，and  
Showstheoccurrenceofstronginsolationhere．The  
lowestvalue，12．OMJ／m2d，WaSObservedonMay25，  
withdaytimemeancloudcoverof8／10．  
2．5S循0抑C肌Jβγ  

Fig．7showsthevariationofsnowdepthandsnow  
coveredarea，Snowdepth（HS）wasmeasuredalong  
a3T111ine wheresnow existed and taking the nlean  
Valueoftもem・Snowc？Veredarea（ÅS）wasobtained  
bymeasuringthe・eXis【en⊂eOfsllOWalonga50mline  
appr（1Xi111ately perpendicular to the fa111ine of the  

0  3  6  9 12 15 18  21  
HOUR  

Fig．4，Mean hourlywind speed for the whole observation  
peri（）d．   
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Fig，5．Frequency distribution ofwind direction for eight3  
¶houraverageanddailytotal．  

plain areas．Thisis different from the conditions  
Obser・VedintheWestKunlunMountains（Ohatat，t al．．  
19871．whichshowedalargedifferencebetweenplain  
areasand theglaciatedarea．  

Theprecipitationandsnowsampleswerecollect－  
edforstableisotopeandchemicalanalysis．The618  
0values ofthe precipitation samples are shownin  
Fig．6．The6180value vaiied much from－2．9‰  
to鵬26．0‰duringthis period．Low values corre－  
SpOndstohighprecipitationperiod．The6180value  
becamelowaroundMay26incomparisonwithprevi・  
OtlSValues，andgradual王yincreasedwithtime．This  
tendencymight be related to the eharacteristies of  
WaterCirculationinthisregion．  

ー30  10  15  20  Z5  
MAY  

1989  

ヨ0  5   1■0  
」UNE  

Fig－6．Variation（〉fが80valu60fprecipitationsample乱  

l ＿．仙＿．＿  
12  15     20    Z5  

MAY  
1989  

10  30 】    5  
、フ州E   

Fig．7．Varia†ion ofsnowcovt？red area（ASland snowdepth   
（HSl．   
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Slope，aStherewereperiodicundulationsoflessthan  
15minthisdirection．Ascanbeseenfromthefigure，  
themainlong－1astingsnowcoverwasformedonMay  
14andMay28with7and30cmdepth，reSpeCtively．  
Minorsnowcoverwasalsoformedatthebeginningof  
June，butitdisappearedwithina day ortwodueto  
melting．Onecharcteristicofthesnowcoverhereis  
thelongdurationoftimewhensnowcoverexistsin  
the patchlike condition．The snow coverincreased  
themeansurfacealbedo overtheperiodtoO．43．In  
COmparison，thealbedo ondayswithoutsnowcover  
WaSO．18to O．20．   

3・SoilmoisturecontentandevaporationatBCand   
Othersites（Ohta，T．）   

3．J．Sよね5α乃d椚g娩∂d〆0由g柑α≠ゐ那   
Itemsobservedweresoilsuction，grOundtempera－  

ture，eVapOrationfrom soiland snow surface，and  
SnOWmelt at the snowsurface．  
Thesuctionwasmeasuredat3，15，30，36，48and  

58cm depth by tensiometers．Automatic recorders  
WereuSedfor3，15，30，36cmdepth．Thedatawere  
COllectedonlyinthedaytime．Thesoilcharacteris－  
ticsweremeasuredforundisturbedsoilsampleswhich  
hadavolumeof400cc．Thesamplesweregathered  
at O－4，12－16，28－32 and 44－48 cm depth at BC．  
SampleswerealsoobtainedatlO－14cmonTanggula  
Pass（5231m a．s．1．），AMSrDlO5（4990m a．s．1．）and  
AMS－DlO9（5060ma．s．1．）．  
GroundtemperaturesweremeasuredatO，10，20，  

30，40，50，60and70cmdepth．TheAanderaamea－  
Suring system was used for O，10，20cm depth and  
mercurythermometersfortheotherdepths．  

Evaporation from soil surface was surveyed by 
twomicropanswhosediametersanddepthwere16．5  
Cmand7．5cmrespectively．Thesepanswerefilled  
Withundisturbedsurfacesoil．Thesoilofoneofthe  
panswaskeptundernaturalconditionandthesoilof  
theotherwasinsaturatedcondition．Thelatterwas  
used to measure the evaporation potential．These  
pansweresetinthesoil，SOthatthesoilsurfaceofthe  
pansandthesurroundinggroundsurfacewereatthe  
Samelevel．The evaporation was calculated by  
Weighingthechangeofthesepansweights．  

Evaporationfromsnowsurfaceandsnowmeltin  
thesurfacelayerweremeasuredbytwomicropans．  
They had the same diameters and depths as in the 
measurementofevaporationfromsoilsurface．The  
evaporationwasmeasuredusingapan（PanA）which  

didnothaveholesatthebottom．Thepan（Pan B）  
forthemeasurementofsnowmelthadmanyholes，4．  
5mmindiameteratthebottomforthedrainageof  
meltwater．Theevaporationfromsnowsurfaceand  
thesnowmeltwereobtainedasfollows；  

E〃＝10ⅩdI払／A  （2）  

〟J＝10Ⅹ（dl佐一dl仏）／A  （3）   

WheredImanddl穐areweightchangesofPanAand  
PanB（g／hr），Aistheareaofthepans（cm2），andEv  
andMtaretheevaporationandthesnowmelt，reSpeC－  
tively（mm／hr．）．   

Itisdefinedinthisreportthatonedaystartsfrom  
8：00BSTofthedayandendsat8：00BSTonthenext  
day．  

3．2．斤¢S〝Jね  
（1）Soilmoisturecharacteristics  
Fig．8shows the distributions of porosity（Fig．  

8（a））and saturated permeability（Fig．8（b））．The  
porosityisintherangeOfO．4－0．6．Theorderofthe  

por081ty  
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Fig．8．Porosityandsaturatedpermeability   
（a）Distributionofporosity   
（b）Distributionofsaturatedpermeability   
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Table3ParametersobtaimedforKluteequation   
Site Depth  亀  邑  β  れ  

DongkemadiO－10cm O．57  0．35  －0．25 －900．O  
B．C． 12－16cm  

28－32cm O．41  0．20  －0．20 －1000．0  
44－48cm   

Saturatedpermeabilityis fromlOL4tolO‾3cm／sec．  
The values decrease abruptly with change of depth 
fromOtolOcmatBC．ValuesataboutlOcmdepth  
atTanggulaPassaresimilartothevaluesattheBC．  
On the other hand，Values at AMSrDlO5and AMS  
LDlO9arelargerthanat BC．  

Fig．9showstherelationshipsbetweenmoisture  
COntent（e）and suction（Q）at the BC．The relatio－  
nshipsatO－4cmdeptharedifferentfromtherelation－  
ShipsforthelayersbelowlOcmdepth．TherelationT  
Shipsbetween eand少aregivenbytheKluteequa－  
tion：  

● ○－ t C■depth  
012－1‘cn dopth・  
¢28－32cn血ptb  
O H－tO印加pth  
●●－－CilcⅦ11ted lino  

by eq．13）  cosh（意）β－  偽－βr  
仇＋βr  

β＝仇  
（3）  

cosh（意）β＋  仇－βr  
仇十βr   

Where免isporosity，eismoisturecontent，¢issuc－  
tion，e，ismoisturecontentwhichindicatesthatsoil  
moisture cannot move under the naturalcondition，  
andβand4b are parameterS for the soilmoisture  
characteristics．Table3showsthevaluesinEq．（3）  
foreachdepth．  

Saturationisdefined as follows：  0 0．1 0．2 0．5 0．q O．5 0．6  
宮Oisturecontent  

Fig．9．Relationshipbetweensoilmoisturecontentandsuction．  （1）  5＝β／仇  
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Fig．10．Dailysurfacesnowmeltanddailyevaporationfromsnowsurface．   
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WhereSissat11ration，and8ismoistureeontent．Itis  
ShowninFig．9thatthepercentageofthefineporesis  
largeatBC．Hence，thesaturationisnotsmal1when  
SuCtionis high．Itis considered from these results  
thatthesaturationwashighinthedryseason．  
（2）Evaporationfromsnowsurfaceandsnowmelt  
Fig．10showsthe dai1y evaporationfrom snow  

Surfaceandthedailysnowmelt．Snowmeltscarcely  
OCCurred from May14to18，1989．ln this period，  
SnOⅥFCOVerdecreasedmainlybyevaporation，Ontbe  
Otherband，SnOWmeltwasbigモ1なomMay26toJune  
2，1989．Thesnowcovermainlydecreasedbysnow  
meltin this period．The soilmoisture condition  

becameweta食erthesnowmeltperiodbegan．  
（3）Changesinsoilmoisturecondition  
Fig．11shows the changesin saturation at BC．  

The saturationis obtainedfrom observed values of  
SuCtionby Eqs，（3）and（4）．The saturationbecame  
largerafterMay26，1989，becausesnowmeltbegan，aS  
describedabove．ButthesaturationwasmorethanO．  
7beforethissnowmeltperiod．So，thesaturationwas  
notsolowduringthewinterseasonandthemoisttlre  
WaShigbinthepermafrost．  

王t can be noticedin Fig．11that tbe soilwas  
SOmetimessaturatedintbedeeperlayerandt‡1eSat11－  
ratedsoillayerbecainedeeperwithとime．Itiscon一  
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mea11SこIturation and the dail〉▼ eVaPOration ratios  
Whichareratiosoftheevaporationfrornthenatural  
SOiltotheevaporationfromthesaturatedsoil．The  
evaporation ratioincreaseswith the soilmoisture  
COntent．  
（5）Groundtemperature  

Fig．14showsthechangesintheOOCisotherma1  
1ine．ThepermafrostbegantomeltonMay19，1989．  
Theactivelayerdepthreachedto70cmattheendof  
theobservationperiod．   

4．MeteorologicalobserYationatGS（Ohn0．H．）  

Inordertoinvestigatetheevaporationconditions  
OnXiaodonkemadiGlacierandtoclarifythemeteoro－  
logicalelementsrelated to evaporationbetweenthe  
glacierandBC，meteOrOlogicalobservationwerecar・  
ried outin the atmospheric boundarylayer on the  
glacier．TheobservationsitewasBS，ShowninFig．  
2．  

・J．ノ（J転げ！・tJ－－んゝ研（－〃良（J〃d研lイブ抑d∫  
Observedekmentsa王IdmethodsareasfolioⅥ㌢S：  

（1）Air tenlperature：Platinum resistancビ†hermo－  
metersin forced ventilating shelters were11Sed．  
Three of these were set on a observation mast at  
heightsof30，60and150cmabovethesnowsurface．  
The mast height was frequently adjusted as snow  
Surfacelevelchanged．  
（2）Relative humidity：CapacitanceJtype humidity  
SenSOrSwithhomemademicrocapacitancemeterwere  
alsoplacedintheshelters．Theobservationheights  
Were Same aS those for air ternperature．Average  

Sideredtbat thepermafrostin蛾edeeperlayer was  
VeryWet，andthepermafrostactedasanimpermeable  
layer．  
（4）Evaporationfromsoilsurface  
Fig．12showstheevaporationfromsaturatedsoil  

and naturalsoil．Evaporation from saturated soil  
WaSlarger before than after the snowmelt，The  
meteorological potentialfor evaporation became  
＄mallerafterthesnowmelt．Ontheotherhand，eVap－  
Orationfromnaturalsoilshowstheoppositetendency，  
Evaporationfrom naturalsoilincreaseswithsurfae  
soilmoistur已  

Fig．13showstherelationshipbetweenthedaily  
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Fig†13．Relationshipbetweenthedailymeansatl】rationand  
thedailyevaporatiorlratio▲  
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Fig－14．ChangesinthecontourlineofOOCofgroundtemperatllre＿   
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Table4Listofinstrumentsandtheirspecificationsused atsiteGS  
Element  Sensor txpe Accuracy Manufacturer  

±0．1℃  Makino Co．  Airtemperature  

Humidity  

Platinum resistance   
in forced ventilated shelter  
Capacitivethin－filmtype（1518HM）  
withhomemademicrocapacitance  
meterinforcedventilating  
shelter  
5-cup anemometer 
（AC850P）  
Potensiometer wind vane  
（VRO36）  
Temperaturedifferencetype  
（MS－41）  

Temperaturedifferencetype  
（CN－2）  

Polystylenvessels（24cm）and  
Electronicbalance（FX6000）  
1nfrared radiative  
thermometer（ER2008）  
（Detectingwavelength：8．5－12．5／オn）  

Vaisala Co．  

±0．1m／s MakinoCo．  

30  Makino Co．  

±2．5％   EkoCo．  

±3％  EkoCo．  

±2．21gm▲2  

Windspeed  

Wind direction  

Globalsolar  
radiation   

Net radiation  

Evaporation  

Surface  
temperature  

A＆D Co．   
NationalCo．  

humiditywasobtainedduetoincoherencebetweenthe  
microcapacitancemetersandrecorders．  
（3）Windspeed：Three3－CupanemOmeterSWerefixed  
tothemastatheightsof30，60and150cmabovethe  
Surface．Wind speed was obtained aslO－minute  
meanvalues．  
（4）Winddirection：Apotentiometertypewindvane  
WaSinstalledatthetopoftheobservationmast（200  
Cm）．  
（5）Globalsolar radiation：A pyranometer was set  
horizontallyonatripod．  
（6）Netradiation：Anetradiometerwasmountedon  
a tripod．Nitrogen gas was supplied to the dome  
fromagascylindertopreservetheshapeofthedome  
anddrynessinside．  
（7）Evaporation： Evaporation was measured by  
Weighingtwopacksofsnowfilledpolystyrenecontain－  
ers（24cmindiameter and12cmin depth）．The  
Weighingwasdonenormallyevery30minutestothe  
accuracyofO．1gbyanelectronicbalance．Thesnow  
Surfacewasheatedbyahotaluminumplatetoforma  
thincrust，SOthattheaccumulatedblownsnowcanbe  
Wipedoffbeforemakingmeasurements．  
（8）Surface temperature：Surface temperature was  
ocassionally measured using a handy type infrared 

radiative thermOmeter．Measurements were made  
fortenminutesandthedatawereaveraged．Manual  
Observationsofsurfacetemperatureandevaporation  
WereCarriedoutfromJune9toll，1989．   
Instrumentspecificationsaretabulatedin Table  

4．Alldata exceptwind speedwere sampled every  
tenminutesasinstantaneousvaluesbyadigitaldata  
recorder．  

4．2月どぶ〝ぬ  
Hourly mean value of air temperature（AT），  

VapOrpreSSure（VP），globalsolarradiation（GSR）and  
netradiation（NR）areshowninFig．15．Thedataof  
GSRandNRfrom19：000fMay30toll：00，June9are  
notavailable．AT，VPandGSRatGSshowsimilar  
VariationstothoseatBC．Themeanlapseratesfor  
ATandVPbetweenGSandBCwereO．960C／100m  
andO．21mb／100mrespectively，Themeanvalueof  
GSRatGSovertheperiodwas88％ofthatatBC．  
Windspeed（WS）isshowninFig．16alongwith  

thatat BC．Duetodatarecordertrouble，theseare  
theonlyavailabledata．WSatGSwaslargerthan  
thatatBCbylto2m／s．Thecorrelationcoefficient  
for WS at GS and BCis higher when takinglO  
－minute previous values for BC than when taking   



Ohata【イ〟／．   蚕  

M・SS・NG 0
 
 
 

0
 
 
5
 
 
 

∝
∽
ぴ
 
 0
 
（
U
 
O
 
O
 
 

鴨
が
Z
 
 

訊25 26 27  28 2930 311 2 3 4 5  6 7 8 9  10、11   

MAY，1989  JUNE   

Fig．15．Ob＄erVedmeteorologicalelements（）nGSfromMay24toJune11，1989．For   
comparisonTairtemperature（AT）andvaporpressuredataatBCaredrawnas  
SOlid！ines．  

simt11taneousvalues．  
Witld directio11（WD）is showni【lFig．17．Fre－  

qlユentEtoSⅥrindsⅥrereObservd，Besidestbe王0－1g  
termヽ・ariation．freqllenlshorttermcountercIockwise  
rotationillWDis found．   

Theevaporationrate andfirnsurfacetempera－  
tureweremeasuredindaytimefromJune9toll，1989．  
Fig．18showstheevaporationrate．Althoughsolid  
precipitation frequently occurred，eVapOration was  
predominant．  

5．ALJtOmaticmeteoro10gicalobservations（Ohata，T．）  

Two autorllatie meteorologicalobservationsites  
WereSetupatD105arldDlO9showninFig．1．Åtthe  
formersite，itwassetat2mabovethegroundstlrface  
approximately20mfromtheQinghaトⅩizang High－  
Way（Tibet Highway），and wasmaintainedbylocal  
Tibetan people．Thelatter one was set above the  
roof of a buiiding approximately5m above the  
gro11ndsurface，andwasma主ntainedbyanoだicialin   
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Fig、16．WindspeedatsiteGSonJune5，1989．Forcomparison，dataatBCisalso  
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ÅppeIldixI  
Tableofdaiiymea11カotaivaluesofmeteorologicale王ementsaモB．C．  

Elements  
WS：Windspeed  
WD：Winddirection  
AP：Airpressure  
GSR：Globalsolar radiation  
AT：Airtemperature  
Rli：Relativehumidity  
GT：Groundtemperature（surface，一仙10cTnand－20cn）  
CC：Daytimecloudamourlt  
P：Preこipitationa王ⅥOunt（calibraモed）  
HS：S‡10Wdeptb  
AS：Areaofsnowcく事Verage  

Typeofdata  
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Appendix2Porosityandsaturatedpermeability   
Site  Depth  

Dongkemadi O－4cm  
B．C，  12－18cm  

28－32cⅢ  
44－48cm  

TaIlggulapa浴 1い－1ヰぐm  
AMSwDlO5  1（〉一14cm  
AMS≠DlO9  10－14cm  

島  Ks（cm／詑C）  
0．596   2．36×10‾ユ  
0．421  5．05×10‾ヰ  
0．397   3．（13＼1（ト4  
0．412   1．78×10▼ヰ  
0，434   4．46×10－4  
0，578   1．36×10－3  
0，646   2．09×10‾3  
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Appendix3Dailyevaporat盲onan8s‡10Wmeiモ ＋：evap（〉rat羞onormeiモー：co†lderlSation   

尋タ   

Evaporationfromsoil  
natural  saturated  
（mm／day）   （mm／day）  

Evaporationfromsnow  Meit  
evaporation  snowmelt  
（mm／day）  （Ⅶ／day）  

～0，01  8．64  
5．71  8．28  3
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17．20  
19．65  
12．56  
20．06  
26，32  
9，93  

ー3，58  
2．94  
0．03  

－0．81  
2．0（）  
1．44  
0．66  4．25  5，39  

2．77  4．39  
3．71  6．30  
6，19  7．51  
0．94  1．07  
1，79  1．81  
3．28  6．06  
4．66  5．69  
3．23  5．32  10  

11  4，03  5．85  

Appendix4Groundtemperatureat15：00B．S．T  
Date  Deptb（Ⅷ）  

3（〕  1月   5u   6い   7い    どいmnlビIlt   
525  0．7 －0，4  
26  0．2 －0．4  
27 鵬0．1 －0．4  
28 wO．2 －0．3 －0．5  
29 －0．4 －0，5 －0．7  
30 －0．3 －0，4 －0．6  
31 …0．3 －0．4 －0．5   
61 wO．3 －¢．2 －0．6 －0．5  
2  0．5  0．1 －0，6 －0．3  
3  0．4  0．0 －0．4 －0．3  
ヰ （）．j t）．2  0、コ  （ト11  
5 1．7  0－8  8，4  0．4  ＊18：00B息T  
6 1，0  0．6  0．4  0．4  
7 1．3 －0．3 －0．4 －0．3  
8  2．1 －0．1 －0．2  0，0  
9  2．5  0．1 －0，1 0．1 －0．5   
10  4．4 1．3  0．7  0．8 劇0．ま  ＊18：00B．S．T   
l1 4、5 1．4  0．9 1，2  0．0   
ユ2  5．0 1．5 1，1 1，4  0．3  ＊18：00B，S．T  


