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Abstract  

Groundtemperatureandsoilmoisturecontentinthepermafrostregionweremeasuredatsites  
locatedfrom4800mto5206ma．s．1．intheTanggulaMountains，TibetanPlateauinOctober1992－  
September1993．There was a correlationbetween the first freezing and thawing dates and the  
freezingperiodandaltitudeatsparselyvegetatedsites，andtheserelationslayonastraightline．The  
firstfreezingandthawingdatesbecomelaterandearlierwithdecreaseofaltituderespectively．The  
Surfacefrozenperiodbecomesshorterwithdecreaseofaltitude．Adenselyvegetatedsitedidnotfit  
Onthiscorrelationobtainedatsparselyvegetatedsites．Theaveragevaluesofsoilmoisturecontent  
at40cmdepthatsparselyvegetatedsiteswerefrom18to30％，atthedenselyvegetatedsitethisvalue  
WaSarOund48％inOctober1992andMay1993．Soilmoisturecontentatthedenselyvegetatedsite  
WaSlargerthanthatatsparselyvegetatedsites．Thethicknessesoftheactivelayeratsparselyand  
denselyvegetatedsiteswere234cmand93cmrespectivelyeventhoughairtemperatureconditions  
Were Similar．  

1．lntroduction  

Permafrostexistsextensivelyonthehighaltitude  
Tibetan Plateau eventhoughitislocated atlow  
latitude．There have been manyinvestigations of  
permafrostinthisregionbytheLanzhouInstituteof  
Glaciology and Geocryology．Itissaidthatperma－  
frostthicknessrangesfrom20to130mintheloosely  
packedsedimentregion，andfrom130mto200min  
the mountainous rocky reglOn，and the activelayer  
froml．1to3．2mintheformerregion（TongandLi，  
1983）．  
Therehasbeennoobsel’vationofspatialdistribu－  

tionoftheactivelayeronseasonalvariationofthaw－  
ingdepthoftheactivelayerinthe Tanggula Moun－  
tains，Tibetan Plateau．Theactivelayer depth and  
theseasonalvariationoffrosttabledeptharesaidto  
depend on air temperature and surfacelayer condi－  
tions such as vegetation，SOiltexture，SOilmoisture  
andsoon．Theseasonalvariationofthawingdepth  

Ofthisactivelayermaybecontrolledbyevaporation  
fromthesurface，SOilmoistureandthewatertablein  
theactivelayer，andsurfaceconditions．Thisreport  
describes ground temperature，SOilmoisture and  
activelayer depth，in the Tanggula Mountains，  
Tibetan Plateau．  

2．Observation Sites  

Fieldinvestigationswereconductedatfoursites  
locatedinthealtitudinalrangefrom4800ma．s．1．to  
5206m a．s．l．in the Tanggula Mountains，Tibetan  
Plateau（atlocationsof4sitesinFig．1inAgetaetal．  
（1994））．These sites were selected according to the  
followlngCOnditions：   

1）Sitesatdifferentaltitudewithsimilarvegeta－  
tion．  

2）Sitesatsimi1araltitudewithdifferentvegeta，  
tion．  

The sites whichfit the first condition were DlOO   
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（4800ma．s．1．），DlO5（5020ma．s．1．）andTanggulaPass  
（5206ma．s．1．），atWhichvegetationwassimilaratthe  
Sites and sparse．The sites which fits the second  
COndition，thatis，SparSe／densevegetationbutsimilar  
altitude，Were DlO5and Wetland（5100m a．s．l．）．At  
Wetland vegetation was dense and earth hummocks  
Withdiameterof30－50cmdeveloped．  

3．Observation rnethods  

Observationitemsweregroundtemperature，SOil  
moistureandheatconductivity ofsoil．Theground  
temperature was measured with platinum resistance 
SenSOrSeVeryhouratdepthsofO，5，10，20，40and80  
CmatDlO5andWetland，eVery2hoursatdepthsofO，  
10，20，40and80cmatDlOOandevery2hoursatO，5，  
10，20，40cmatTanggulaPass．Thedatawerestored  
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Fig．1．IsoplethsofgroundtemperatureinthetimedomainatDlO5，Wetland，DlOO  
andTanggulaPass．ThepartshigherthanOOCareshaded．   



エ？  Yabukiggαg，  

in LS3000Ptvondatalogger（‡iakusan Co．）at DlO5  
andWetlandand on LT2001（Hakusan Co．）at DlOO  
and Tang卯ia Pass，reSpeC如ely．Tbese ob㌍rVa－  
tionswerecarriedoutthroughayearfromOctober  
1992toSeptember1993atal14sites．Datausedinthe  
followingsectionsarethedailymeanvalues．  

Soiisampies for direct measurements of soil  
moisturecontenとweretakenw彙ha180ccsampling  
tubeinOctober1992andapproximateiyonceaweek  
from May toJt‡王y1993at ailsites．Soiimoisture  
COntent WaS Obtained at sitさby weまgbing sampies  
beforeanda托erdrying．  

Soilmoisturecontentwasalsomeasuredindirect－  
iybymeast汀i王唱beatconductivities．Heatcon血ctiv－  
itiesweremeasuredvi血beatprobesensorsevery12  
hours（06：00and18：00BeijingStandardTime）from  
October1992toApril1993andfromJulytoSeptemT  
ber1993，andevery2hoursinMayandJlユneエ993，at  
deptbsof5，10，20，30，45，60and80cmatDlO5．They  
were measured every12 hours（06：00 and18：00  
BeijingStarldardTime）育om October1992to April  
1993andぎromJuly to September1993and every2  
bot汀SinMay1993atlO，20，40，80cmatう好etland，and  
every12hours（06：00and18：00Beijing Standard  
Time）fromOctober1992toMay1993atDlOO，Ali  
datil＼＼▼ere StOredin datalt）ggerSりr）L－160O．NoT’th  
HidlteCbCo．），  
The water table was observed approximately  

OnCeaWeekfromMay1993toJlユ1y1993atD105and  
Wetialュd．  

4．Res山ts  

一J．了．〔；川〝机′チビ〃小川〟〃れ・  
ノ．J．J．ふ一心り〃（J／用わ（J／わ†J   
Isoplethsofgroundtemperatureinthetime－depth  

CrOSS SeCtion at a王Is主tes are shownin Fig．i，The  
partshigber払anO〇CaresIladed．批canbeseenfrom  
theFigurethatthetemperature gradientin thesur－  
face10cmlayeratWetlandwasverylarge．Temper－  
aturevariationswererapidattheendofJanuaryand  
洩eendofMarcbataままsitesand were verysiow at  
FebruaryatDlO5，ⅥretユandandTanggulaPass．The  
O¢Cisotherminthefreezingseasonmovedveryfastat  
DlOO and D185，aild very slowiy，particuiarly at  
around払e40 and 70 cmlevels aモ ミVetland．T壬1e  
freezingatSOcmdepthoc（：urredonemonthlaterat  
W‾etlandtbanatDlO5，eVentboughairtemperatures  
WereSimiiar．Tbe8やCisotbermintbetbawまngsea－  
SOnmOVedveryfastatDlOO，ParticularlyfromlOto   

80cm，and moved faster at DlO5than at Wetland．  
TheO¢CisothermmovedslowlyfrLOmtheendofApr主i  
tothemiddleofMayaとWetland．   

J．7．ユ．1／／血－J／J…／車中侶裾・（そJ■∫〃巾（・（，，かl，こJJよg（〃J（7  
〃J〃甘∫JJg  

T王Ie altitudirは1dif毎rences oftbe first freezl喝  
andthawi喝datesandfreezingperiodⅥrbichisdeteト  
minedfromdailymeangroundtemperaturesatOand  
lOcmdept‡lat4sitesareshown玩Fig．2．Tbefirst  
打eezingandtilaⅥ7ingdatesaredefirledasthefirstday  
Whengroundtemperaturedecreasedandincreasedto  
OOCrespectiveiy．Thedurationofthefreezingperiod  
istbenumberofdaysbetveentheぎirstdaysoffreez－  
ing and tbawi‡喝．1、he firstたeezing dates aも払ese  
foursiteswereinthemiddletotheendofOctober，and  
thefirstthawingdateswereinthemiddletotheend  
Of April．Tbe first freezing aIld t‡はWirlg dates  
becamelaterandearまierrespective王ywitbdecreaseof  
aititude．Theduration offreezing periods at DlOO，  
DlO5，1Ⅳetla‡1dandTa喝gdaPasswere198，210，221  
and225days，becoming Shorter witb decrease of  
aまtitudeingeneral．Thethawingdatesanddtlrations  
OffreezingperiodsatDlOO，DlO5，andTanggulaPass  
W主也similar sparse v喝etation conditionsiay orla  
regressionl主ne，buttbevaluesatl好etlandwithdense  
Vegetation donotlayonit．Thisdifferencecanbe  
consideredtobeduetothedifferenceinsoilmoisture  
Whichwi11beexplainedlater．   

尋．エβ．耶ぬ紘路＝〆α薮値毎卿  
ThevariationsofO8CdepthatDlO5andWetland  

in the thawing season are shown by squares and  
Circies respectiveiyirlFig．3；tbese values Ⅵ7ere  
Obtainedbyinterpolationandextrapolationofground  
temperaturedata、Thedepthcouldnotbecalculated  
aたerJuly29becauseof払esma王1grad壬er主tOfground  
temperature at DlO5．No data were obもained at  
WetlandfromthemiddleofJunetothemiddleofJuly．  
Thesolidlinesinthefigurearethecalculateddepths，  
Wbicharegive11below－   

‡nordertoobta主n偽eO勺Cdep払a食erJuly29，tbe  
following equationgivingtherelationbetween O OC  
depthand払awingilldexofacctlml】iateddailymean  
airtemperatureisapplied：  

Zニニαノ竜笛  （1）  

Z：  tbawingdepth（cm）  
α：  COe曹icient  
畠T：  tbawingindex（degree事days）   



β4   Bulletin of Glacier Research 

0
0
 
∞
 
0
0
 
0
0
 
0
0
 
q
〕
 
 
 
’
－
 
 
1
 
 
 
0
 
 
 
9
 
 

5
 
 
 
5
 
 
 
■
b
 
 
 
■
さ
 
 
 
4
 
 

言
）
¢
P
コ
一
室
く
 
 

5300  

5200  

∈5100  

葛5000  

毒4900   

ヰ800  

ヰ700  
25    30  1   ヰ  8   12   18   20   24   

F行さtThawjngDato（仲川）  
28   1   5   10    15    20  

FjTStFreezingDat¢（0¢tOber）  

0
0
 
的
 
0
0
 
0
0
 
0
0
 
き
 
 
 
2
 
 
 
1
 
 
 
八
U
 
 
 
9
 
 

5
 
 
 
 
■
さ
 
 
 
 
5
 
 
 
 
5
 
 
 
 
▲
▼
 
 

（
E
）
O
P
⊃
≡
－
く
 
 

205   210   215   220   
Fr朗Zi咽Period（days）  

225   230  195   200  
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Fig．3．Cbal唱eOfdepth offrost tabieaもDlO5andⅥretland、So】idliIミeSSbow the  
deptboffrosttabまe．  
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Coefficie‡1tαdepends orlStlrねce conditiorl，SOii  
moisture，heatconductivity，heatcapacitance，andsoil  
type．Figure4show＄therelationsbetweenthawing  
deptb（Z）andaccumulatedぬilymeanairtemperature  
（nT）atDlO5andWetland．Thevaluesofa are13．2  
for DlO5and5，3forl好etland，Obtained by theieast  
Squaremethod．Usingthesevalues，thawing depths  
arecalculatedandareshownassolidlinesinFig．3．  
Åirもemperat11redecreasestoOOCaroundSeptem－  

ber20．TheOOCdepthatthistimecanbeconsidered  
tobethetbicknessof汰eactiveiayer234cmatDlO5  
and93cm at Wetland．In spite of the simi1ar air  
temperatures at both sites，thelarge differencein  
払icknessoftheac貞veiayerseemstobedueねtbe  
differencein＄Oilmoi＄ture COntent，Which wi11be  
explaiIIPdlatc・r．The thiL：ktleSSeS Ofthe at：tivela〉▼ビr  
at these sites were smaller than those previotlSiy  
Obねinedintbisr喝ion（To喝andLi，1983）．   

4．2．段滋賃那ぬお柁C卵液㈲  
Soilmoisture content va＄ meaSured by tⅥrO  

methods、One was tbe direct metbod described 主n  
SeCtion3，andtheotherwasanindirectmethod，tranS－  
formiIlg汰evaiue ofbeatcorlductivityto soilmois－  
ture．  

L′．ユJ．∫）∫汀tイⅢ．丁／／仙J  
ThesoilmoisturecontentsonOctober2，1992and  

May31，1993ateacIISite are＄hoⅥrnin yig．5．Tムe  
averagesinthesurface40cmatI）100，DlO5，Wetland  
andTangguiaPasswere略19，53and16％respec－  
tivelyoIlOctober2，1992，a‡1dvere20，18，48and27％  
respectively on May3】，1993．Soilmoisture content  
neverexceeded35％atalldepthsat工）100，DlO5and  
TanggulaPass，andsoitmoistur’eneVerfellbelow35  
％at alldepths at Wetland．Soilmoisture content  
WaSnOtSOdifferentfromplacetoplaceinautumnand  
springexceptatthesurface．Asa111ayersfreezeand  
SOi王moisture（∃oes‡10tCムal喝emuChinwi11ter，tbese  
SOilmoisture contentin autumn were thoughtto be  
unchanged throtlgh winter．Soilmoisture corlterlt  
beloⅥr40cmdeptbatDlOOwasdifferentinautumn  
andspring；thedifferencewasmorethanthemeasure・  
nlent errOr but thビC；luSe Obtainisnot⊂1亡、ar．  

Figure6shows the variations of soilmoisture  
COntent，frost tab主e a王1d water taも壬e at DlO5 and  
Wptla‖d frいTllthe end ofl・1こl）ItOJul）．．This figtlre  
ShowsthatthedepthofthefrosttableonJulylOwas  
125cm at DlO5and58cm atl野e七重and．The water  
tat）iewasobservedat55cmonJulylOandincreased  
to25cmonJuly29atDlO5；itwasatthedepthof28  
CmOnJulylOa‡ldreac王IedthesurfaceonJuly19at  
W‘et王and．ÅtDlO5，SOilmoisturecontentwas45％at  
thedepthof50cmonJt11y20，andthefrosttabledepth  
l好aS58cm．Thisincrease of soilmoisture content  
COrreSpOndstotherisingwatertable．  
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Fig．4．Relationbetweendepthoffrosttable（Z）andthawingindex（OT）atDlO5and   
l野et王and．Solidl主nesareobtainedbyequationく1）．   
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Tablel．Thevaluesofcoefficients b and cinequation（2）．  4．2．2．劫（方柁C才椚g肋od  
Oniyli‡nitedsoilmoisturecontentswereobtained  

bythedirectmethod．Inordertoobtainlongerdata  
andthedai王yvariation，beat conductivity vasmea－  
sured and was transformed to soilmoisture content．  
TheresultobtainedatDlO5isexplainedbelo軋  

Therelationshipbetween heat conductivity and  
SOilmoisture content wasinvestigatedin detailby  
Farouki（1981）andtbefollowinglinear relation was  

Depth   ∂   r   

5cm   －27．3   36．9   

10cm   － 5，6   24．9   

20cm   10．4   12．6   

30cm   －27．5   27．6  
obtained．  

㊥＝畠＋ごえ  （2）  

The dailymeansoilmoisture contents obtained  
byeqllation（2）at5，10，20and30cmindep仏atDlO5  
areshownin Fig．7．Solidlinesindicatethe values  
obtainedbytheindirectmethodandsolidcirclesindi－  
Cate VallユeS meaSured by the direct method．This  
figureshowsthegoodcorrelationbetweensoilmois－  
ture contents obtained by both direct and indirect 
methods．  

㊥ ：   VOlumetricsoilmoisture（％）  
あご：   COefficient  
Å ：   heatconductivity（W／m・K）  

The coefficients b and cin equation（2）were  
obtainedbycomparingwiththevaitleSOfsoilmois・  
ture contents obtained by both direct and indirect 
metbods．Tableユshows払e関南es ofきand c for  
eachdepthatDlO5．Thecoefficientsdependonthe  
metbod of sensorinstaiiation a11d soiltexture，  
Therefore，theycannotbeusedatothersites．  
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5．Conc山dingremarks  

The following results were obtained from the  
measurementofgroundtemperatureandsoilmoisture  
colltentintbeTanggulaMountains，TibetanPまateau  
in1992－1993．   
（1）Thethawingdatesandthefreezingperiodat  

SparSebyvegetatedsiteslayonalinearline，butthese  
Valuesatthedenselyvegetatedsitedidnotfallonthis  
regressionline．   

（2）The thicknesses of the activelayer at王）105  
andl野etlandir11993were234and93cmrespectiveiy．   
（3）Theaveragevaluesofsoilmoisturecontentat  

40cmdepthatDlOO，DlO5andTanggulaPass（sparse・  
1yvegetatedsites）atMay31，1993were20，18and27  
％．The value at Wetland（densely vegetated site）  
was 48 ％．Soilmoisture content at tbe den父1y  
Vegetated site waslarger than that at sparsely  
Vegetatedsites，   

（4）Thedetailedvariation ofsoilmoisture from  
MaytoJulyin1993canbeobtainedbysoilmoisture  
COntent－heatconductivityrespectively、  

Tbe relation between actまvelayer deptb soil  
moisture，SOiltexttlre andsurfacecondition such as  
vegetationwillbeanalyzedinnearfuture．   
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