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Abstract  

FieidinvestigationandinventoryinthemiddlesectionoftheTibetanHimaiayasshowthatthe  
morainedammedlakesaccountforl／2innumberand3／4inwatervolumeofa11thethreetypesof  
glacierlakes：the cirquelakes，the trough1akes and the moraine dammedlakes．ThirtyLfour  
morainedammedlakes，withanaveragewatervolumeoflO～30×106m3，anaVeragedepthof31m  
and a field surveyed maximum depth of71．5m，areidentified with“dangerous glacierlake”．  
Dangerousglacierまakesexbibittheweilc王ose（王basirlSⅥritbbighandnarrowmoraineridgesandkeep  
COnneCtionwiththepresentglaciers，Whichmarksapotentialoutburstdanger．Themajortriggers  
Oftheoutburstare（i）iceavalanchefromadvancedglaciertonguewithavolumeusuallyatmillions  
Ofcubicmetersand（ii）ablationactivitiesofdeadicebeneathmoraineridges．  

1・Abriefonstudyofglacierlakeoutburstsin the   
Tibetan Himalayas  

Inthelastfiftyyears，atleasttwentycatastrophic  
outburst events are wellknownin the Tibetan  
Himalayas．Outburstfloodswithrichdebrisaffected  
hu11dreds of kilol11eterS d州■【lStream；md dビStrO）Ted  
iarge amo11ntS Ofviilages，farmiands，forests，Water  
COnSerVanCiesandcommunicationandtransportation  
installations．  
Partofhistoricaloutburstdatawasofferedbythe  

interiorreportsofComprehensiveScientificlrlVeStiga・  
tion to QingbaiⅩizangくTit〉et）PlateatlCO‡l血1Cted  
from1973to1976．Yang Zonghuidescribed some  
recent outburst events（Yang，1982）．The authors  
made aninvestigation on the198loutburst event  
along the Boqu（upper Bhote－Kosi）River valleyin  
1984（Ⅹu，1988）．  
Åspeciaiinvestigation onglacierlake outburst  

fioodsonthesotlthernslopeofHimalayaswasmade  
by Water and Energy Commission Secretariat of  
Nepal（WECS，1987），in which five outburst events  
Since1977weredescribed．StudYrepOrtSfromboth  
the southern and norther王Iflanks of Himaiayas  
showed that all the outbursts were from moraine 
dammedlakes andmost ofthemled to debris flow．  

Åtpresent，thegovernmentofNepaliscarry王ng  
Out a Ⅵ7ater and ene曙y deve10p汀1ent prOject．A  
Series ofpowerstations and subsidiaryinstallations  
Willbebuiltinsixriverva11eys，Whichconnectwith  
theTibetanHimalayasinChina，andsothefirstSino  
NNepaleseJointInvestigationtothemiddlepartofthe  
TibetanHimaiayaswascarriedotltin1987（LIGGand  
WECS，1988）．Themainsub3ectsofthisinvestigation  
Were inventory and classification ofglaciers and  
glacierlakes，identification of dangerous ones and  
estimation of the scales of outburst floods and their  
PrOpagation downstream，The present paperis  
basedon払isjointinvestigatiorl．   

2．TypesoIgtac紬rtakes  

Thousands of glacierlakes，distributed around  
the tem血albeits of giaciers at elevations of4600  
～5200m，Wi洩areasrangingfroIn2km2toO』1km2，  
maybedividedintothreetypes：glaciercirquelakes，  
glacier trough1akes and moraine dammedlakes．  
The statisticalcharacteristics are givenin Tablel．  
Themorainedammedlakesmakeupl／2innumber  
and3プ4in water volume of ai王t‡1e t‡lree typeS Of  
glacierlakes．  

ThirtyLfourmorainedammedlakes（Fig．1）mak－   



2  Bulletin of Glacier Research   

勺
0
0
〓
一
≡
貞
一
占
 
．
・
‥
・
・
 
 

．
s
各
月
再
2
己
亡
霊
ぷ
叫
↑
む
雲
ち
已
○
コ
U
翳
l
空
言
当
月
｝
已
芯
駕
t
ト
り
叫
U
d
－
瑚
m
∃
5
ト
品
u
名
ち
u
O
コ
コ
q
憲
S
竃
ぎ
盲
〇
一
S
d
d
∑
．
1
由
己
 
 

〇
一
一
【
 
勺
〇
一
〓
長
一
貞
一
〇
 
 

【
‖
胡
 
日
一
 
言
一
 
〇
中
 
富
 
○
†
 
○
鋼
 
0
 
 
0
朗
 
 

〇
一
一
－
】
○
叫
3
一
u
芸
○
】
○
賢
一
勺
◎
 
 

○
－
一
…
 
 

・
。
至
－
チ
 
 
 



3  Xu and FenR 

Tablel．Statisticalcharacteristicsofg王acierlakesintheTibetanHima！ayas．  
Lake type Nl】mもer  Lakearea   1好ate‡・VOiume   Average  Average  Average  

（km2）  く108m3）  ！akearea  
Total  ％  Total  ％  Total  ％   （km2）   （10＄m3）   

Cirquelake   86  31，6  5．56  16．7   66  4．4   0．076   0．77   10，1   
Troughlake  0．265   6．63   25月  
Moraine  
dammedlake   0．267   8．09   30．3   
Amotlnt   272  100．0  56．11  10（）  1502  100   軋封格   5．52   26．8   

Table2－ Comparisionofdangerousmorainedammedlakeswithsafe・  
Moraine  Number  Percentage  Total   Åverage  Åveragさ  Åverage   

dammedlake  iakearea  1akevolume  1akearea  1akevolume  1akedepth  
（％）   （klが）   （106mき）   （km2）   （1（）8m3）   

DangerollS   34   24   18．71   58．4   0．55   17．18   31．24   
Safe   105   76  18．38   54．0   0．18   5．14   2乱56   

Amotlnt   139   ま00   37．09   112．4   0．27   臥09   29．96   

Themorphologicalindicatorstoidentifythedan－  
gerousglacierlakesmaybeobtainedfromthecom－  
parisonofthepresentlakeswithhistoricaloutbursted  
lakes．Acombiningindicatorisrecommended，itis  
COmpOSedofthreemorphologicalfactors：theheight  
Ofe11d morainedこⅢ1higher than6O m，the width of  
damtopnarrowerthan50mandthebacksideslopeof  
thedammorethan23♪．Themorphologieat features  
Ofsomet〉・Pieilldangerol】Sglaeierlakesarelistedin  
Table3．  

4．Outburstfeatures of moraine damrned Fakes  

DuringtheSino≠NepaleseJointInvestigationin  
1987．many dangerous glacierlakes showed a full  
water stage and the lake water overflowed on a 
moraine dam．but an ordinary overflow only eroded  
thedamweakly．Thefactshowsthatthefailureofa  
moraine dam eomposed of boulder and big stones  
happensperhapsunde・raneXtraOrdinar）’OVerflowand  
certain conditions也0噸b，generalまy＄peaking，也e  
newer moraine dams are depositionallyloose．His－  
toricalevents and field surve）・S Sh（1W that the main  
triggerfordambreakisiceavalanche，Whichleadsto  
anextraordinaryoverflow，andablationofdeadicein  
adam．Iceavalanchefromg）aeiertotlguehappeIled  
usuallyinanadvanclngStageOfglacierandreached  
volumsof5～7×106mさ，CO汀eSpOndi11gtOl／4～リ20f  
lakevollユme＄．  
AftertheotltburstofGelhapu－ChoLakein1964，  

abigtrencbappearsacrosstbe盟ddlesofsideridges  
righttothemorainedam（Fig．3）．Thesaddle（5319．  
6m，a．S，1．）isabotlt8moverthehighestlevel（531i．   

ingupl／40ftotalofthistypeiakeswereidentifiedas  
dangerousglacierlakes，Ofwhichtheassessmentwas  
judgedwithmorphologiealanalogy ofhistoricalout・  
burstlakes，COnneCtionwithglacierandestimationof  
wateraccumulationinlakes．AcomparisonofdanY  
gerousglacierlakes with safeisshownin Table2．  
OVerali，thedangerousglacierlake＄have thelarger  
WaterVOlumeanddepththaIISafeones．   

3．Formation and morph010gy OIdangerous gtacier   
lakes  

Below terminals of modern glaciers in the 
TibetanHimalayas，therearemorainebelts2～7km  
Wide with severalgroups ofend moraine ridges re－  
presentingdifferentstagesofglacierexpansionduring  
LittleLIce－Age．The group of end moraine ridges  
nearest to modern glacieris considered as thelast  
Stage，Whichchronologicaliycontinueduntilthem掛  
dleL一late of thclast century（Zheng and Shi．1975）．  
MostofthedangerousglacierlakesoccupytheLbasins  
formedinthelast stage as shownin Fig．2though  
moraine dammedlakes arelocated widely at t壬1e  
basinsformedinvariousstages．Thelaterthestage  
is，thegreaterthemoraineridgesare．  
The rnoraine fidge groups af the last stage are 

usuallylocatedwithinO．8～1．5km andupto2．6km  
frommodernglaciers．Theyexhibitfinearchedend  
nlOraines with heights of6O～12O m and very steep  
iateralmoraineswithincreasingheightsfrom60～120  
m at thelower end to15O～250nlat the upl）er end．  
Deadiee＄fromthepastglaciersarescatteredwidely  
inthemoraineridges．  
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Fig．2．Longitudinalprofileofgeomorphologylocatedattheheadof Natang山Qu   
River，a tributaryof Pumqu（Upper Arun）River，Showing differentstages of   
moraineridg襟and払ela＄tStagemOrainedammed】aket  

Longitudinalprofile  
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Fig．3．TopographicmapintheareaofGelhaipuMChoLakeafterthe19640utburst・   
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Table3．Morphoiogica王feattlreSOftypica】dangerousglacieriakes・  

Lakename  Geographic  Lakemorphology  Moraine・dammorphology  
coordinate   area  Altitude  

Total Glacier Max  Oftop  
（km2）（km2）                （masl）   

Abmachimai  
－Cbo  87038′E  

Quangzongk  
・Cho  87046′E  

Gelhaipu  27058′N  
一Cho  87つ49′E  

Paqu－Cbo  
86009′E  

LakeNo．14  
85054′E   

Zhangzangbu  
・Cho   86004′E  5．14  2．83  4700  0．64  1臥9  68．0  28  80  40  28，2   

－SeClionat2．000～J．OOOm：a11dupto7．紺Onlコ（Tabl亡  
弟．AssLLIlled that thedam failsinstantaneousl）・．the  
maximumdischargeofanoutburstfloodmayreaches  
lO，000～16，000m3srlatthebreach（Ⅹu，1988；WECS，  
1987）．The extraordinary flood with rich debris  
endangers hundreds of kilometers of downstr，eam  
Vai王ey．   

5．The p即iodicalfeature of glacier advancせand   
water accumulationinlakせS  

Theemergenceofaglacierlakeoutburstiscondi・  
tionedbybotbtbeaccumulatedwaterasanessential  
factor and theice avalanche as a trigger．There  
seemsasynchronouscorrelationbetweenwateraccu－  
mulation and glacier advance，Which favours the  
outburstoccurrence．Whenaglacierisinanadvanc－  
ing stage，it has a steep and highice tongue with  
de＼・eloped open crevasses．ln the stro11g ablation  
season，the melt waterlubricates theice bed and a  
largeavalancheispossibletooccur，eSpeCiallyincase  
that theglacier tongue runsinto alake．Thus the  
outbursts have a close relation with the glacier  
advance．ダigure4sbowsthe relation between ouト  
bursteveTltSandt壬IeCiimaticcorlditiorliIltbeTibetan  
Himalayas．The outburst events（1964，1970N1972，  
1981r1982and1988inFig．4）coincideroughlytothe  
tenornineyearperiodicityofclimaticvariatioh．in  
temperatureandprecipitation，andgenera11ytendto  
払ewarmyears，inwbicb，glacieradvinclng，g】acier  
surgir喝andice avalancileSWereWideiyrecordedin  
SouthTibet（Liet al．，1986）．  

As an essentialfactormentioned above，the out・  
burst can only happenin thoselakesin which the   

4ma．s．l，）of也elake，tbesurgi王1gfbwcausedbythe  
largeavalar王ChemtユStOnCeriseupabout8mfromthe  
highestlakelevel．AftertheZhanzangbuChoLake  
outburstin1981，thedam－brokenlakewasfi11edwith  
hugeice blocks，Which were also transportedinto  
downstream va11eywith debrisflood．Thisice ava・  
larlCbewasestimatedata∇01umeof6．8×106mきfrom  
topographic surveying in the area of glacier tongue 
COmparing with air photo takenin1976．Ice ava－  
lanchewithsuchahugevolumemustresultinastrong  
Surgeimpactonmorainedam．  

Deadice appearsinlens－1ike bodies and some－  
timeslayers beneath end andlateralmoraines，Å  
layerofdeadicewithkarstfeatureswasseenatthe  
bottom of thebreached wallof the moraine damin  
ZhangzangbuChoLakeduringauthor’sinvestigation  
in1984（Ⅹu，1988）．Localherdsmenwitnessedpiping  
and sinking of tbe dam．Pipi喝flowⅥritb deもris  
increasedrap攣yduri喝thelast蝕eendaysbefore  
theoutburst，Whichmaybeoneofthecausesofthis  
CataStrOphicevent．Thecasesofpipingandsinking  
ofmorainedamduetoablationofdeadicewerealso  
observed inCordillera Blancain Peru（Lliboutry，  
1977），Iceavalancheofgiacierandablationofdead  
icehappenedliSuaiiyurldercorlditiorlSOfstrongabla－  
tionduetohightemperature．Overfifteen outburst  
eventsin the Tibetan Himalayas took placein the  
eveningormidnightfromJulytoSeptemberaslisted  
in Table4．  
Tbeoutburstsmustbeveryrapidastheya王ways  

makealargeoutburstbreacbonmorainedamsanda  
Vigorouslyspreadingoutburstfloodfardownstream．  
Thedepthofbreachusuallyreachesmorethanl／30f  
theheightofmorainedamswithanareaofflowcross  
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Table4．CharacteristicsofglacierlakeoutburstsintheTibetanHimalayas．  
No．  O11tburstlake  Geo・COOrdinate  L盆ke  Lakearea  Releaseof  Heigbt  Dept王10f  Meanwid馳  

（Outburstdate）  （Locatebasin）  elevation  a氏erburst  watervolume  Ofdam  breach  ofbreac王l  
（ma．s．1）  （km2）   （108mさ）  

Tara－Cbo   28も17′N／86－08′E  0．22   6．3   50  10  
81935   Boq11・BboteKosi   

2  （如nbixiama－〔ho  8．21   12，4  5巾  

10．7．1940  Kar噂boqu一Åわmcbu  
Sangwang－Cho   7．90   300．0  40  
10．7．1954  Nianchu River 

4   Longda・Cム0  0．44   10．8   60  22   85   
25．8．1964  Gyirorlg－Trislままi  
Gelbaipu－Cbo  0，14   23．4   120  41   205   
21．9．1964  PumqひArun  
Damenlahe－Cho  0．09   2．0   35  85   
26．9．1964  Nyang Kiver 
Aya－Cbo  28021′N／鋪03（〉′E  0．35  90．0   70  2（き   160   
18臥1970  PumqいArun   

8  Poge・Cbo  28019′N／90041′E  8  

23．7．1972  Ⅹibaxiaqu   
9  Za貞一Cbo   28059′Nプ85心89′E  

24．6．1981  YariungZar噂bo  
10   ZhangEangbuCho  0．31  18．9   80  32   145   

11．7．1981  Boqu－BhoteKosi  
Jin・Cbo  28012′N／87038′E  0．55   12．8   60  25   130   
27．軋ま982  Pumqu－Arun  
Mitui・Cbo  29や30′N／96中17′E  0．09   3．3   45  17   22   
14，7．1988  Pa10ngZangbo   

Note：  
1．r）aml）iping．Debriさ－floodburiedfarmlandsa†themouthofthetTibutary＼′a11e）▼．   
2．］ctIaValanche．rkbrisLfloodwashed Yadongar5O kmfromthelake，Wi【ha peakdis亡hargeofl，20Omls1．   
3．Glacieradvancinginto王ake，iceavalanche．Debrisburiedupvalley3－5mthickandf100ddarnagedthecitiesof  
Gyangze120kmaway，WithapeakdischargeoflO，000m3sJl，andXigaze200kmawayfromthelake＿   

4．Debri＄一点00dwi払apeakdiscbargeof3，100mきs‾1biockedGyiro罰g（upTris11ii）River．   
5．Iceavalanc！le．Debris・‰odwithapea】くdiscbargeof3，280m3＄鵬1at30kmfromthelake．   
6．Iceavalanchewithavolumeof5×106m3．DebrisflooddarruTledupformingadebrisdam20mhigharld850m   
10ngattheconfluencewithNyangRiverandstoppedtheriverforlOhours．   

7．Dd）ris・floodformedanewdebrisfanof4．6×106m3nearTingriat40kmfromthelake．   
8．lce avalancht？With a volumeof5．丁＼1L）A m3．F】ood hazard farspr（、aded．   
9．Iceava7anehe．Deb（■isLflooddestt’O〉でd a”thビ1ocaleconomict：OnStrueti（一nSin theupptlr＼・alle）r．  

1O．lce avalanchewith a volume of6．8×1O8m3．Debris flood destroyed the China・NepalHighway and alト偽e  
StruCtureSWithin50kmintheuppervalley．  

11、Iceavalanche．Debris・蔦00ddestr（〉yedeighともerdsmen扇11ag萬andkiiledi6001iv怨tOCk＄．  
12．Iceavaianc‡leWi払avo】umeofabout3×106mき．Debris－鮎odwitbamaximumdiscbargeatab（〉utl，540mきs‾1  
destroyedahighway30kmlongandtwovi】】agesintheupperval】eyandcalユSed＄eVeralpeople’sdeath．  

Tablp5．Field measureddischargeofleakagethroughmorajnedam．  

Lake   Waterstore  Leakagedischarge（m3s…1）  Measurement   Durat王orl   

Abamachimai－Cho  Fullstage   0．112   Runoffseparation  02－20May1987   
Qangzongk・C壬10   Fullstage   0，128   Directmeasure   08May19即   
Z主IangZangbu－Cho  Lowstage   0，268   Directmeasl汀e  21～23Sep．1984   

WateraCCumulationisabletoreachanapproximate ignoredasthewaterbalancehereisunder“fuliwater  
fullstage・WateracぐumulationdependsolltheLWater Stageい．Thusthe way of normalreleaseisleakage  
balance・inlake．Atpresent，linlited by data．only a throughmorainedamandevaporation．Theleakage  
rotlghestimationcanbegiven8 Theoverflowmaybe flowmeastlredisO．112～0．268m3s，iasshowninTable   
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Fig．4．Re王離i8nOfotlぬursteYentSWithclimatecbangebyXjgazeCiimateStatiく汀L  

5，COrreSpOndingtoayearlylossofwatervolumeat3．  
5－8．5×106 m3．Based on the evaporation data  
ObtainedatTingriandNyalamClimateStations，the  
lakesurfaceevaporationisbetween350rnmand60O  
mmfromJuneto NoveI11ber．whicheorrespondstoa  
yearlyiossofwatervolumeofO．18～0．3×108m30rO．  
24×106m3inaverageasforlakeswithanareaabout  
O．5km2．Therefore，theoutflowsumsupto3．74～8．  
74×106m3．  

ThelakewaterismainLysuppliedbyglaciermett  
Waterandprecipitationinthecatehmentabovedam  
duringthemeltingseason．Basedondataobservedin  
thecatchment（above5027m a．s．1．）ofthe Rongbu  
Glacier on the northern＄lope of Mt．Everest，the  
glacierablationandprecipitationare530mmand205  
mm respectively and make up66．j㌔a11d25．7㌔of  
totalannuaisupply（Ⅹie，1975）．Thus theinfiow to  
thelakeis estimated at2．5～12．0×106m3for those  
lakeswithdrainage areas of5～26km2andglacier  
area ratioes of O．22－0．72，Shownin Table3．The  
above estimationimplies that thoselakes keep an  
equilibrium betweeTlinflow and outflo＼l■in getleral  
andtheyareabietostorethewateruptoafullstage  
intheperiodicallywarmyearsjustasmanyoverflow・  
inglakeswereseenduringthe1987jointinvestigation．  

Wateraccumulationinlakeisalsocharacteristic  
Ofaperiodicityねilowil噂Ciimatecbange．‡tisevi－  
dent that洩e area oflakesincreasedlargeiy and  
glaciers advanced visibty in many areas of the 
TibetanHimalayasin1987incomparisionwith1976  
air photo or1984investigation．The area of the  
Qangzongk－ChoLakehadincreasedfromO．43km2to  
O．76km2since1976．TbelakeNo．14badincreasedin  
areafrom（）．83km2tol．68km2a王idtbewatersubmer－  
gedthesmalldamofabranchglacierandmetwithit，   

themainglacierabovethelakehadextendedtol．6  
km2downinto thelake since1984．  

6．The scale of outburst floods and propagation   
alongdownstreamvalley  

TheoutburstofZhangzanghuwCho Lakein1981  
CauSedalargescaleofdebrisfloodspreading50km  
alongthePoqu（Bhote－Kosi）Rivervalley．Thepeak  
disehargビatBharabise，5Okmfromthelake．reached  
2，400m3s‾1，Wbicbis12times of払e maximum of  
annualdischarge．The outburst flood from San－  
gwang－Cho Lakein1954damaged two big towns，  
Gyangze and Xigaze．At Gyangze about120km  
downstream from thelake，the peak discharge rea－  
Chedl軋OOOm3s，l，Whichaffeぐ（edtheYarlullgZangbo  
River200kmawayfromtbelakewi血floodwashes．  
The scale of outburst flood and its downstream 

propagationisdeterminedmainlybythetotalvolume  
Ofreleasedwaterfromthelakeandtheinstantaneous  
maximum discharge att壬1ebreacb．Tbe volume of  
releasedwaterrangesgreatlyt）utmOSdyfrom18×106  
m3to20×106m3（ReferringtoTable4）．Themaxi－  
mumdischargeatbreachandanyglVendownstream  
site can be obtained by computer simulation with a 
propermode＝WECS，1987）．However，Wehavenot  
gotte王Ithe true conclusion about the course of a  
morainedamねilureandtbewayshowtotreatdebri＄  
flowinsimulatiorl．  

The course of a moraine dam failure may be  
Simplifiedinto two models，erOSionalsuccessionand  
instancy．Itwouldbereasonabletoadopta stlCCe＄・  
SionmodeliIlmanyOtbercases，buもirlCaSeOfa壬Iuge  
VOlume ofice avalanche with higb down speed，an  
instancymodelisadvisable．   
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Becatl紀Of strong down－Ctltting arld backward  
erosioninsourcewaters，mOrainicandotわerveatber－  
ingmaterials andslopewasting pro血ctsfillvalley  
bottom a‡ld sides．These unstableloose materiais  
alwaysjointocomeadebrisflowtlnderconditionsof  
extraordinaryfloods．Duringpropagationofadebris  
flood，theflowisrapidlychangingwithdebris，Which  
dams up one moment，disperses the next and some－  
timesisreplenishedfromflowbcdand sidesinero－  
Sion，SOmetimesisreducedindeposition．Itisdiffト  
Cult to simu日独e払e discbarge or stage of a debris  
flood．butitis＼rerlrimpいrtこ111tforhazardforecastand  
eng主neeringobjectives．  
HimalayasaretbemostseriousmoⅥntainareaof  

outburst hazardsin the world．A muititude of danv  
gerou＄gユacierlakes has been threatening tbe eco－  
nomicdevelopmentaswe王1aspeople’sii短intheare乱  
Tbewateracclユmulateof王akeandgiacieradvarlCeaS  
Seeninthe1987jointinvestigationrevealedthenext  
forthcomlng Outburst period andit had appearedin  
theeventsaftcrwardsuchasMituトChoglacierlake  
OutblユrSt（Table4）andtherecurrenceofvi01entgla・  
Cialdebrisflow byice avalanc壬1ein Palon㌻Zangbu  
Glacier vailey（30pO4′N，94058′E），t壬1e eaStern  
H主malayas，reSpeCtivelyin1988and1989．   

‡⊥imitedbyfund，tbefurtherworkollmOnitoring  
Ofdar噂erOuSgまacierlakesandcontrolofdisasterhas  
TIOt beビ11Put On the order of the day hlTibet．The  
tracking of regime andits trend oれ“iake－glacier  
→巳nViornment”system by means of satellite  
remotesensingtechniquewiththegeographicinformar  
tionsystem（GIS）wouldbeeffectivenotonlytopre・  
VentuSfromaabruptattackofoutburstdebrisflood，  
but also to study furtber on the mechanics of a  
morこIiTlビdこimmedlake肌Itbt】rSt．  
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