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Abstract  

HydraulicpropertiesofsoilsinTanggulaMountains，thatcomprlSeSOil－mOisturecharacteristic  
CurVeandsaturatedunSaturatedhydraulicconductivity，WeremeaSuredbylaboratorymethods．Soil  
propertiesinTanggulaMountainsarecharacterizedqualitativelyusingBrooksandCoreyequations．  
Comparedwithsoilsinotherareas，effectivewatercontentandsaturatedhydraulicconductivityseem  
tobelowduetopoorbiologicalactivityinsevereclimateconditions．  

1．lntroduction  

Hydraulicpropertiesofsoils，thatcomprisesoil  
moisture characteristic curve and saturated－unSatur－  
ated hydraulic conductivity，are eSSentialtoinvesti－  
gatenotonlymovementsofwaterandenergywithin  
SOils，andalsolandsurfaceinteractionsbetweensoil  
and atmosphere．Moreover，these properties have  
beendirectlyinvoIvedinGCMsasimportantparame－  
ters．There have been few studies about hydraulic  
propertiesofsoilsinTibetanPlateau．Inthisstudy，  
SOilpropertiesin Tanggula mountains have been  
measuredbylaboratorymethodsandquantifiedusing  
a set of equations proposed by Brooks and  
Corey（1964）．Though1aboratorymeasurementshave  
not finished，We repOrt the primary and tentative  
resultsoflaboratorymeasurementsanddiscusssome  
CharacteristicsofsoilsinTanggulaMountains．   

2・Functiona［expressionsofhydraulicpropertiesof  
SOils  

Watermovementinsoilwithvertical，One－dimen－  
Sionalsaturated－unSaturated conditionis written as  
below，  

c（の晋＝神町）（筈十1））（1）   

C（町）＝  （2）  

Where Fis pressure head，Ois volumetric water  
COntent，C（g）isspecificwatercontent，Zisvertical  
axis，tistime，andK（g）ishydraulicconductivity．  

Equation（1）is the combination of Darcy’slaw  
extended to unsaturated flowby Richards（1931）and  
theequationofcontinuity．Here，C（g），therelation－  
Ships between water contentand pressure head，is  
Calledspecificwatercontentorsoiトmoisturecharac－  
teristiccurve．K（g）istherelationshipbetweenpres－  
Surehead andhydraulic conductivity．Watermove－  
mentinsoilis characterized by these two relation－  
Ships・There aremany functionalformsexpresslng  
these relationships．We employ a set of equations  
proposedbyBrooksandCorey（1964）becauseoftheir  
Simplicity and physicalbasis，The equations have  
been employed by some GCMs such as the SiB  
－GCM（Sellers et．al．，1986）．  

Brooks and Corey equations are expressed as  
below．Thehydraulicconductivityequationsare   
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where島is saturated water content，8ris residual  
WaterCO‡1tent，a‡ldスispore－Sizedistribt王tionindexi王1  
亡he relationshipbetl＼▼een Water COntent aTld pressure  
head．（GsM8，）means content of movable water by  
gravityforce．Itiscalledeffectivewatercontent．It  
iscommonlysaidthatthereisarelationshipbetween  
スand軍，eXpreS＄edas窄＝2十3月．Con艶q11ently，Water  
movemeTltWitbinsoilsbouldbecharacterizedもy島，  
＠，，Ks，軌，＾and窄，Notethat弘Canbedetermined  
as pararnetersin both relationshipsindependently．  
Valuesofく軋inb（1threlationshipsofthesames；lmPle  
areusua11ysimilar．  

∴‾ 一  

where」私is saturated hydraulic conductivity，弓托is  
bubbling pressure，and 甲is por－eqSize distribution  
indexin払erelationsbipbetweenpressurebead and  
bydrauli（：COnductivity．  

The equations for soiトmo呈sture characteristic  
CurVe are  

‡ 

野≧乳  
（4）  ▼櫛払野＜弘  

Fig．1．Themapofthestudyarea，TanggulaMountains．   
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bancesarenotsosignificant．   
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For measurements of saturated－unSaturated  
hydraulicconductivityofsoils，thesteady－Statehead  
COntrOlmethodimproved by Kobiyama and  
Kubota（1994），referring Kltlte（1986）was usedin this  
Study．Figureコshows a schematic diagram of the  
experimentaiapparatus．Thehydraulicheaddistri・  
butioninthesamplewascontro11edbytheMarriotte  
bottle and the drip point through ceramic filters at  
both ends of the sample．Using the outlet rate of  
Water at the drip point and the presstlre heads of  
t亡LnSiometers．hydraulic eondueti＼’ity was calculated．  
Therelationshipbetweenpressured′headandhydrau－  
lic conductivity was mapped proceeding through a 
Series of steadypstate flows with progressively  
decreasing pressure head，beginningwith pressure  
beadapproximatelyequaltoO．Thevaluesofg（野）  
measuredvbenO≧野≧寧；arecollSidered為（saturat－  
edhydraulicconductivity）．  

Formeasurementsofsoil－mOisturecharacteristic  
CurveOfsoilsin Tanggula，We uSedthesoilcolumn  
methodinlowerpressurerangeandthepressureplate  

3．Samplingsitesandm¢thods   

3，j．5逝邦ゆめ好虚おα発d甜チ，ゆゐ喝■椚g娩∂浸  
Soilsforlaboratorymeasurementsweresampled  

inOctober1990，October1992andMay1993．Figure  
lshowssamplingsitesinTanggulamountains，DlOO，  
DlO5andWL（WetLand）aretheplaceswhereauto－  
mat主cdataioggersofsoilmoisture，SOilternperature  
andotbermeteorologicalinstrumentsareset．Num－  
bers such as3280indicate the milestones along the  
QinghaトXizang Highway．We used themi1estones  
astheindicatorsofmeasuringpoints，Theseplaces  
arealsothemeasuringpointsofsoilmoisturedistribu－  
tionatia‡官eSCa主e．OSindicatestbeforrnerweatber  
stationfrom1989to1990nearDlO5．  

ThelOOcccylindricalsamplerwith5cm diame－  
terwasusedforallthemeasurements．Thesampler  
madeofstainlesssteelwascarefu11ydrivenintothe  
SOilwithvert室caldirection，enSuringnottodisttlrbing  
琉esoilwitbintbesampier－ TIleSOilsampleswere  
CarriedintoJapan after usualsterilizing treatments  
with high temperature and high pressure．There  
mighthavebeensomeinfluencesonsoilstructuredue  
tothesterilizingtreatment，butwe think the distur－  

Mariotte bottle 

●rensiロmPt（、r m  
Tensiometern  

：：s叫Ie：：  
● ● ● ● ● ● ● ●   

● ● ● ● ● ● ● ●   
● ● ● ● ● ● ● ●   

● ● ● ● ● ● ● ●   

● ● ■ ● ● ● ● ●   
● ● ● ● ● ● ● ●   
● ● ● ● ■ ● ● ●  

Drippoint  

Fig．2，Aschematicdiagramoftheexperimentaiapparatusformeasuringhydraulicconductivity．   
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method主nhigherpressurerange．Both arepopular  
methods．The relationship between pressured head  
andvolumetricwatercontentwasmappedwithpro－  
gressivelydecreasingpressurehead．  

Parametersofallsamplesinbothequations are  
determinedbyeyeTfitting．   

4．Resuttsand discussion  

J．J．ふ）J／川0長／JJれ，（、ノMJl汀J√J太′／く－（7JJで（，  
Taも1elsbowstberesultsofalltilemeaSt汀ementS  

ねr soiトmoisture characteristic curve．Figure 3  
ShowssomeexamplesoffittingresultsbyBrooksand  
Corey equations（4），Itis clear that Brooks and  
Coreyequations（4）showgoodapplicabilityformea・  
Suredrelationships．AtDlO5，mOStValuesofeffective  
WaterCOntent（8s－0，）arelessthan O．2．Somemea・  
SurementSOfsoilsinforestedareasinJapanshowthat  
effective water contents of soilsin forested areain  
Japan often exceed O．3，eSpeCiallyin top．soii  
layers（Shinomiya，1993）．Tbereisnotanysignifica11t  
telュdency of effective water content cbanging wi払  
depth．Tilatmea‡lSpOOrt〉iol喝icalactivityinsevere  
Climateconditionshasdelayedso主トformationproces－  

SeS．AtOS，Vaiuesofeffectivesoilmoisturecontent  
exceedO．4exceptNo．22．ThesamplingpointofOS  
WaSCOVeredwithshortgrasses，1ikesoNCalledearth－  
hummock．  

・J．ユⅩ油川7／l－〟lJ川5‘〟〟I血、（ブ（、（川血（・／JJ巾  
Table2showstheresultsofallthemeasurements  

for saturated－unSaturated conductivity and Fig．4  
ShowssomeexamplesoffittingreslユItsbyBrooksand  
Coreyeq11ations（3）．Itisa王socleartbatBrooksa！1d  
Coreyeqtlationsく3）areef長℃tiveforexpressingmea－  
Suredrelationships．Itseemsthatsaturatedhydrau－  
iic conductivities atshaliowlayers arenot so high．  
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Tablel．Parametersin the equation（4）of soil－mOisture  
Characteristiccurve．  

No，eS e， eS→er 少b（cm）＾ site depth（cm）  
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Fig，3．Examples of sく〉iトmoisture character主stic curve．  
LiTleSintbef短ureindicateequation（軋  

Table2．Parametersintheequation（3）ofhydraulicconq  
ductivity，  
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3280km O－4cm  
3290km O▼4cm  
3300km O－4cm  
3310km O－4cm  
3320km O－4cm  
3330krn 04cm 
3340km O－ic王Ⅵ  
Tangg血pasO－4cm  

No． Ks（照1）Qb（cm） q  site depth（cm）  
1   1．00  
2  1．05  
3  0．8（き  
ヰ  1．則1  
5  0．60  
6  2．00  
7  0．40  
8  0．65  
9  0．87  

－3．7   2．72  
－3．0   2．51  
－5．8   2，71  
2．2  1．43  
－5．0  1，21  
－2．0  1．15  
－5．8   2．2（）  
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0．40 0S  5cm  
O．70 0S  5cm  
O．60 0S  30cm  
O．59 0S  30cm  

10  0．015 【24．0  2．26  ／／  80cm  

※1UnitofKs：10．3cm／sec   
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fi酢1reindicateequat拍n（3）．  

Tbebydralユiicconductivityat80cmdeptbinWLis  
Verylow．Thatsuggeststhesoi11ayersthathこIVelow  
hydraulic c（〕Ildtleti＼・itieslike the80cllldepthin WL  
ぐOuldbeinactivein teTmSし†fwatel・lllO＼Tement eVeTlif  
tbedepthofactivelayerexceedsit－   
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