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Glacial lakes of the basin scale 1—3 km in the Nepal Himalaya exist on the termini of large
(D type) glaciers, and appear to have been dammed up in the past by terminal morains. In the
1950’s, however, there were only a few small lakes (~100 m long) on the terminus of each glacier.
The lakes were then completely bordered by glacial debris and ice as part of the glacier terminus.
The present Himalayan lakes are still “supraglacial”, since their bottom basin consists of the
debris and ice, morains and glacier-front wall. Open clear water on the ice can afford positive
feedback to extend the water area, because the solar radiation makes surface water temperature
more than 0 C and the consequent thermal convection carries the heat to the bottom. The high
rate of the basin extension, however, is possibly due to the more active heat transport in the lake
caused by increased glacier-melt water input from the global warming. In order to clarify the
physics of controlling the lake-basin extension, in the premonsoon season of 1995, we examined
the meteorology and hydrodynamics in Tsho Rolpa Lake (27°51'N, 86°29’E : water surface, 4500
m above sea level ; surface area, 1.39 km? ; mean depth, 55.1 m) on the terminus of the Trambau
Glacier in the Rolwaling Valley, Nepal. Vertical and continuous measurements of water temper-
ature and/or water turbidity revealed that under density stratification, a thermal condition at the
bottom is affected by sediment-laden underflows generated off the mouth of a subglacial channel.
Uplake heat transport by wind-driven currents is likely responsible for the “carving” of the
glacier front ; a receding speed of the glacier front is on average 18 cm/d in 1993 —1994, which
is 50—200 times as high as an ice-melt speed below the lake bottom.
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Fov— )L b2 T XURICHHT BKEAD ) L, KREMEI0km? %2 5 KDL DI, THREBIEFE
BAEIE kmichi->TTF 7Y CHb, DESKAI SIS, DRk piziz, BA, RN
KCEE1~3kmickE#MzEL2b05H 5, ZHUF—R, 77—+ - 2v—2icst->THELEDHSH
7% v — > # (moraine lake or moraine-dammed lake) D &k JicRz2 5. L#»L, F—3+-
EFL—CDTRHENT ) « BRSO TICIHRRKMESHEE L, EFE CIEKmEmE#EL T
Wh, ZHZED L, TIUIHEELPIZKA LR (supraglacial lake) TH ), I—g e PITZ
REFDEDE LKL ETHELNDE E L OKTH CRETOBEMMICHALZL0) iz oA
PRIZL, 242 - Fa2— )y EHD L) ICKEKEEE IS BEL—VITL > TELEDS
nizELv—@Tdidys, 2, R eI X URD LI LT VT - B 2= BoKEH
LOBEBNMEFEZ N, TORRIZSIAHATH 5.

BAED &= T7vkmEhiE, 1950 4412 100 m~ 1 km &g & U TKAEKRE LICSZEL Twizd
DY, FOBRONKEEMBIZ L > CEEK - WAL LN TH D, ZOHBIRFEEIIZETH ), 1960
ERDPHEFOWVIRI—IF N BTL—r BB, HKRHIZ L 28K TRBICHEEL2 26T &
I o7, Tk LKA & BBk %, Glacier Lake Outburst Flood (GLOF) & M-UF,
BAER — VB #EH 5 KEHFERRHEICKE ZBEE L > Tvw % (Yamada, 1993). Fig.1
(Yamada, 1993 @ Fig. 2 # —&R8chR) IoR$ & D2, BER S VEMNICIE, BRCEREL 205 124
BFr, BEOBZNOHLEH6 yFTICH S, ZNFTOHRETIE, GLOF ®#4£i2i3, #—3+u - %
LY HEFHRRICEETIHE L FROKEBEL LI L 5 RBHLEARDBRIGIEEE L OB
B 28EA LR B L) THs(Yamada, 1993).

199545 A7V - 2> 2—>#, GLOF %51 &2 Z T AlRgHENE =Y + —- @)L ¥(Tsho Rolpa)
BT, ZOBK - IKEELRBERKOBEREZHLPICT S HFELERL 2. Fig. 2143,
1958~1990 £ Y 4 — « v )L DY DFET % -3 (Mool et al., 1993 7 Fig. 5 % —HRYHR).
1958 4L A » FEROBBRIZED (LT, THImIZH 1 km BOEDITH, 100~200 m HAEN
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Fig.1. Locations of supraglacial Tsho Rolpa Lake in the Nepal Himalaya
and the other five lakes in danger of outburst (open circle) and twelve
lakes bursted in the past (solid circle) (modified after Yamada, 1993).
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Fig. 2. History of the basin extension of Tsho Rolpa
Lake (after Mool et al., 1993).

MBFEELTWENAETH S, ZOHE, TOTHREDHD, R EROITEIE L EIcHAL,
DB EHEL TBEICE > TWwd 2 &dhh b, A/ VEFKREEKERZ ALY —ERS
H=¥ /5 (Water and Energy Commission Secretariat ; WECS) & ¢, KRN 2dHFHE D
HEFIEDJICA BEM%KE L CIRESI N, Vit — - 9 SEHOB3RA 1993 €50 LGS L2, A5
12, KM BRICIERT 2BBELZHS2ICT2—8]RE L UT- 2BIKRENICE T 2 BRI E DT
W3, ZITiE, INFTHOVx— - o) SHIcBT2HRE D Lic, 4EIFS NBRERE PG
IZHET 5,

II. AERELFE

Vg — - w o] (AbEE 27°517, HAR 86°29) X, BEBA b e X b EILEH 110 km, HARv—
e =2 NEEERD b T o ykmEREIcH D, FIBEE 77.6 km?, #HEES 4500 m T, 1994
£, WOKE 1.39 km?, HoAKE 131 m, FHKES55.1m Th 5 (Fig. 1, Fig. 3, Fig. 4 M),
BMOTHmI S — 30 BL—2 Tk SN, EWREIEH 25 m Fokagim OkE), EAE
1240~100m FENTF T I L — B ({HFHE 25~80° ) &L T3 (33, 1995 MH, RE:
Photol, Photo2 ZM). &k, F 7> kK3 ESE 4500 m L Eica46 L, HBAOREEIIES
6943 m o Tenji Ragi Tau lUTH % (Fig. 3). WHMHEIZ, &h> 7)) TROMES - ERERUE
ROBAGED LS.

19955 A7V - T A— 8] (ZBE) cFELERL 2D, ZOBRA%E Fig 4i1c77. A
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Fig.3. Drainage basin of Tsho Rolpa Lake. The
lake is on the terminus of the lower Trambau
Glacier covered with debris (modified after
Sakai, 1995).
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Fig. 4. Station location on' the bathymetric map obtained by topographic
surveys for February 1993 —February 1994 (modified after Yamada et
al., 1996).

A %) r G & GRABTEHE) 106, 0.5m¥E, 20miE, WE, 3LUEESS 1 mBc~>R
BEABE (TL v 7EF KK 8, model MDS—T : #E+0.15C) 2 BB L, KEORRF] %7872,
ZOAKET—F1E, FET EIC & 3 227 F VBT 217\, % DEBELO LB 58K REORE %
F~72, %72, A, B, C, D, E, GANEATHELVKET2774F5—(TLvy 7EBFKKHE,
model ABT—1 : ¥5E+0.05C) r FIEEFERELRNBES (7v v 7EF KK #E, model MTB—
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16k BISE&E 0 ~2000mg/], FEL2%) 2RVT, KE-BENHE7 w7 74 veftic. 1993
F£6 LK, MATRE-BE - SF & - BFE - MBORSBENL:, HHDOO R G TENRK
RIEtic & B AMCBBPHERIC T TW S, T bid, #KkZS0EMEZBEL, 1EHIEITE
BEESA TS, 72, WHE-FE - LY, 199349 Ab b, HERKAHIED#BEREAHR
Hon, MEICES 199342 A~19%4 42 AMOREL» LV r — 1 N OMER (Fig. 4) #5556
iz,

I & R & 5 &

1. [REH

Fig.5i3, 199545 41 8~27 54, M HCRLNERRT— 22 1EHZ IR, ZofiMiE
EHOTV BV A—VETH Y, KEARMEIC BHEIMCHHTH 5, i, BE - RE- AR
Hi s, HEEL AES2RT L b5, 5 H 11 B~19 HO/NEIR, HWERENEGIC L 285
LNE - LROBHICL 2, TOBTLHFRBIEIREWI E2by» 5, FERIKREIZ/NS VI,
BEZOII >R AHOLE AL, 11 BEE 22 BUlcik, 3G 15 RSB/ 2 & 5. A
I esEL, FRORELAERIIC 1 m/s LT WILER (R~ EEHA), FROKER TR
Bz 4 ~ 7 m/s DA (b~ bR s o> Tk< (Fig. 3ZH). FRIDTE I
AL, KD LRETFTATRAN LY FSREEZ LN B, EARElTE =7V IR ED £ )
IRER T SESErHEFREL T2 L BbN .

I TCEELANE, ZOBRWAERSY, RREHOECHORHICHE > TKE, Lrd Z20BTHIZ
WK & EEET A KB E S AT 52 & ThH 5 (Photo ). ZHFEUL, =5 L THEBLWEFR L L
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Fig.5. Meteorological condition observed at site M for 1—27 May 1995 (on the
data from Yamada et al., 1996).
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<, WIECIRINE Lz BN & 28 EKITRTE T ENCES L, £ OS2 IRES & 5 THMI S 5.

2. HMOKE - BEMRE & REFY

Fig.6 i3, BA X GHETHEKE, BEBIVINEER Lz (/=) DEESMAEZTT. ol
o= (p—1000) X10 £ LTKH LN, EHWHREZERL TEELOBBREEEL L THWS, ZZTp
(kg/m®) 12KiE 6(C), BE T, (mg/l) TOXKNDEETH S, 22T, BEITFEWERENELFL
WELTEE#Z THY TS, BankiEsfi (Fig.6a)2 6, RE1I0mES TITFHE (H57C)
DREEHHY, ZOTIF, 15mBED 3.2CH LBEMED 2.6°C ¥ Tl T 2% D, KEEE
12, KB13~4micHELEL L. BESH I 2 VEHET, KE» 5 15m B F T 320~390 mg/l N
B CEBIMRIE /AR L, TREVPBETHE, 10m~20m BER Tl AZIZEALHS, e L THER
B> THRLTWB I b b, BERL, F2o06RROBELOrLBEICL > (XEINTWS
ZEHh D, BER, B2 100 m DR THEABERARE (, BE» L 5 m & THRAME (1150 mg/1)
#E5,110m b 5HEF TIEIKBET O MBAKE (, 115m DR CEENICAREICT b, ZE (0
~10m ) IcKE - BELILO/NE LRSS B LI, RIS 2BEMREIBA TH L2 L 2EKR
L, ZZTIERRc, EREOWERIC & 2 XKIHENDBROKEHEFTERTH 5.

G s TokKigsH (Fig. 6b) i3, < RKBICHFBIUC & 2EiRE»HEL, 0.5mURTIE, BA
ERIBRIC1I0m I THS CO%EiREIH 5. 10~35mE T, KBIIBAIYLLAEL, 35mPE
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Fig. 6. Vertical profiles of water temperature, turbidity T, and density ¢ at (a) site B, (b) site G and
(c) a site 50 m southwest of site G.
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TIRECEEMEN 0.7CE TRECETT 5, BEN, 0mBEF TBHEFRNMER £ 355, 2N
UBRTREICHML, BELY 1 mETI265mg/l W) BEEL -2, ZoORKE - SBENERE
13, KWETE FEOKERE D & BT 2 kAR KE & 52728 DT, BB T B (Sediment-laden
Underflow) & U CEEICHWRESE TR T T 2 T S 5, EB, B ATIE, ESFICEBENHA
2L ORRERENTEERELERVBELEL, T, COTEHR2 L2740 w2 2 (Fig.6a). %
22, GERNDI0~30mBETBAL N KEIFF DI, ZHOTBEREREIC L - GEITENLKFRET 2
wny, LB LTRICMITEET L ZEHRREEZ LIS, CATRBOKE- - SBER, “KE
TH™ L) BRMICB LN HBOP» LR EN TV 5 L3, G A 50 m &R GKAFIHE$
) TR 7O T 7 A M DBHHELL o2 2 LHBE L 72 (Fig. 6¢). %72, Fig. 6b THIE
- SEEROES L, ZoKERBKEONGES ZMEL S 10~12mEEEEZ LN, T,
FRIKAR & EHEET 2 K TOBE TR RLMHERIC L 2 #4543, Edwards(1986)1c & - T
RICBERLN TS, F72, BETEEROTE) - HERBBEREIC D i3, KNI 2T Chikita et
al.(1991, 1995)% Chikita (1992 a), EFzKisic->v>T Chikita (1989, 1990, 1992 b) 7Eshs2il - il
EBPLEZDEMEHALPIZL T3,

BEELT, Mo C, D, EATHLKE - BE7O7 7 403, 030 EIRICHTICILE - 28
EDOBH»HEL, BETEROKT2EMT 2D -72, 22720, A ATIIZOBIREZICIZH
ny, TRESHEETGEMEL, LM 110m DRORESEDE TIHTA SEET T) O#FICE
LB Z kdbhrolz, T, TREOBHN (EHOTHYMNEHA) %2 2 ERLL/EREN
25,

%k, BRTHEHNI N & >»DBEBRA 2 R THEETEERL, Bl kB kNEA (5
W) L2 EEZ LD, FOBRBRRICIEL LT~ DEMILETH B,

Fig. 713, A, G =T/, 199545425 H 9K~ 5 A 27 B 13 B kiBreRy| (1B &) 2
A E-BEE & HICRT, BREELT UEHMBRIHEELTTH S5, 0.5mBE 20m & CHK

1400

A I SO P Loachadhind 17N 100
o6 . \.‘ ®w Wind Spebd ’ '\"'.. ¥ 1000 B
53 s W ; . 1 800 &
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Fig.7. Time series of water temperature at depths of 0.5 m and 20
m, at the bottom and at 1 m above the bottom (sites A and G),
and wind speed and solar radiation at site M for 25—27 May
1995.
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e BEBIH A L5, 20m BT, KWBTEIEW G &4, —BELTA AL D KEFEWZ L by
5, T, IRk iz, TREISETT 2 KE2HET 2290 G R0EED» L THE ORALER
BICEBE > T Wb I E2RRT 5, £, BETNREZ L LT A BETIIERRIZNZVI6RE~ 7
RlclBkz b OBEE) A LDOLN, BER 1 mECREEHN LW L THL, ZOEEIL, T8
We LTHRT T 2 KWREKDKES BEHT 2E (G AERS 1 m BOEE) L HELTEY, GR
1 mBICHN 6~ THBNTEOBRASENDLZ E2bh 5. A, G SMOEHE1.1km 258 T 3%
& (Fig. 4 BR), 2OFHKETHEF 4.4~5.1lcm/s TH 3, 32, ARN 1 mBTEEFALNL
WD, ZOKBTRTRRD LBRZBR 5 DRBKDEL L, BKOMBEZLIZLALER
WZEDEZLND, 29 LT, Fig. 6 THHL 2L J i, TREAIHET LEHZ, KARESSTF
W A RERMEETTH S,

B, GCEERV] mENEEOHT, 5 25 HITRICKELY— 7 (4.2~4.3C) 0"FET 575,
IO BEARD DL BEBIC L Z0PIEITHTH S, T, ZOEEFARIKBEAT DL, BX
5 T DEDRBKS HEBIHEIBE TH - e 2O X DEE A RERNZN L NS, TRHEL

1.00E+00

1.00E-01

1.00E-02

1.00E-03

1.00E-04

Energy Density (*C)? (cph)”

1.00B-05

1.00E-06
1.00E-02 1.00E-01 1.00E+00 1.00E+01 1.00E+02

Frequency (cph)

Fig. 8. Power spectra of water temperature at site A (20 m depth
and bottom) and site G (20 m depth, bottom and 1 m above the
bottom) calculated by the FEFT (Fast Fourier Transform)
method.

TABEE L2722,z LN5, A, GHE0.5m Tid, B8 IBEICRRART LD, Th
12, ZORMTEIAE,IEZRELCBLT, MR TOHFOBELZEFEZT eI itk s,
Fig. 8%, A, G ATHKEBRRYIT—5 (14MHE) L, FFTHEIC L > TAT FAETL
RRERTH B, 2L, BRHOLVASE]l mEE BHOBEVRLNS 0.5mBDT— I IFKRNL
Twd, Fig 7Ticasns AEAMEE2 3AMT— 258 ZLIIRETH 2, GHELl mED
AT L i, BEEELTE74, 2845, 204, 154, 104, 748, SWWKHERLZE—I7ALDH 5
N, BEED L ) 2 HUNEEBOFOBREERS THEZ L3RBT S, £72, AR 20m A7 LD
HRAML, GALlmEOZNEELML T BIC304, 104, 74, 5B, KURMBKD
AB20mA~ADEARREERT S, EE, KH(1995)iIc k> TRESTESL N2, 1993 A6 B 9 H L R4
ORI HENKEB7T e 77 AN T2E, KEHNIOmMUTHRAET, 9A9HENEF6HA9H
& NKIBA0.2~2 4CHHET LT, 29 LT, Fig. Tica bz A & 20 m THKIEHEE)IL,
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G BESICHAT 2B KO BEB L MIGL, ZoW/ % L 288 (GEE1 mET23H~24
B, AM20mBRTEE 16H~17H) nE 16~ 18 Bl &, FHIEN 2 con/s DFEEFEHE LT
BALTWREEZ LIS,

GHE2mMDANZ L, AF20m DF & IIZEEIcE— 27 %2 3 2%, A 23 5L MHi e —
JHERKVAETEY., INRERNLSIC, GAETIITFTRBRIEEICHE ) KOFET2HMET S TME
EOFNHHY, ZNICL 5 ETRKDBEAPZOEAEZ[/H T LEL D, B, AFEERNX
N7 RV, 4147, 254%, 144%, 1240, 104y, ASIcEBEHE L, A 20m=G A 20m 7 30
SRBUNE, TSR ERBRBE LTS, T2, Zhbid, GEEl mEA7 L
OEBEAMEZHLPICRL S, ZRLNZ S, ASEBOKIER, KARBEKDOE AL EEY
BLTwbDTE %L, TBEFGRTICHECEITT2KDEEEZRBL TWEI edbr b, IOk
B3, ASKBRSFH110m THY, Fig. 7 T~z ke, ZHXKEFTERN LELRECNIGT 52
L EFMEITH S, TR, ASIGETA 2 ClcFn LREZELBBEOKEZETT 720, ER
HNRERR, ZORBECOEKBROBHKENEELRML Tnwd &z bb, ETERIE, 29
LT, ASERAXRZ PVEA GHE20m A7 ML ENMEHREHOLBERLEZ B,

Pk, GRPLBIEA ST TCOREKEDZ, BETEBROFKRICL > THEINTWEENVZ
5. LaL, RELRMKEERL, Bl sER - 832 55 B TIE, ol
ETOXKBRIC 5 2 2 F5RAMBICKE 2w EXFREINS, Ly, BETICIBECHRK
WY RTTMET 7)) R L TH ), TOFER, HELKMEEOMOBENRE/PME(TS, 2
Dz, MEDRMBESRGEEWHLPIZT 51213, MBF TCIOHBBOBESLEI 22272k ¥ DM
BEAEE TN (BR - WTF, 1978 =HiTs, 1987), BLEOHMBEEZHL 2 ICT 2 0ENFD 5.

3. MR AXEE

BitE, BRI EITL T2 DIKMHIE OKE) THb, ZEZOTEIEIKEELT
BRI HEA, MELEOKEIARLE L &> THERBET 5 “H—t > 7 (Carving) " FEL T b4 5
T& 5 (Photo 3), MHIZ & % HI8 Tk, KAEHEE 1993 49 A 18 H~1994 4£ 6 F 20 H¥ THRKk 80
m (CE#)50m) #B LT3, 199446 H 27 HICIZRBBELBEIC L > THRA120m & 5ic#:BL,
ZORETT 7 ) KA bk Lz (FH, FBME). EB, ShofEEy (199545 25 H 16
40 ) 1KMW BIE CHOBBIC L > TH—UH8EL, ZHictY), THRENS—IFNA-EL—VE
BD~_— 2% ¢ v 7 C# 40 con OIKATEEY (A 26 B) BB L7z, 2ok iz, KWHIED T
HBHEE I3 HKA 29~71 cm/d (B 18 cm/d) EBHTE L, BRI D~ Ttk »THE
LEITL T 2D0hhr b, ZZTRLNDKEDSEIRTEID, BESRAETHEZEINGNEL
BT KKK E ML, KTEkBIz K E 28+ R4,

F7, BEBOBEL»LHIE, I BL—2O—EHICIIAICKIKDFEVFEZENTE
(Yamada et al,, 1996), Z DWEKIKDOBFEZMEZEL ST B 0E?DH 5, TH(1995) 12 & 1LiT,
M EfHEDEEME RS & 1993 48 11 A ~1994 4£ 11 AT 75 cm ORBREMEI A L H LN, FH
BUEEE 0.35cm/d 2 5.2 57, RETIR TV - 22—V Hib s T2 X—2Hilchid 1 ~10m?/
s OFHESH Y (Fig. 4 5 3H, 1995), KE20m & D iRVFEETIZ Z WIS FE (EAHR)
& DBERESERTELNEEZ D,
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Fig.9. Schematic of lake currents affecting the ice melt in the upper
region of Tsho Rolpa Lake. The bottom level of site A corre-
sponds to the upper boundary of sediment-laden underflow.
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Photo 1. Supraglacial Tsho Rolpa Lake
(4500 m above sea level) and Trambau
Glacier front (25 May 1995). Two
peaks in front are Bigphera-Go Shar
(6729 m and 6730 m above sea level).

Photo 2. Lateral moraine wall (40—100 m
high ; slope angle, 25—80°), a southwest-
ern border of Tsho Rolpa Lake (26 May
1995). Some ice masses from failure at
the glacier front are drifting toward the
terminal moraine.
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Photo 3. “Carving” of the glacier-front
wall about 25 m high (27 May 1995).



