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Hirrlalayas, fro III 1974 to 1994 
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ABSTRACT. G lac io logica l il1\Tstigati o ns were carri ed o ut in 1 99 " ~ on the g lac ie rs in 
Hidden Va ll ey, ]\[ukut Him a l, Nepal Him a layas, in order to m a ke a compa ri son with 

obsen 'a ti o ns made in 197+. 1V10st of the g lac ie rs were round to ha \T retrea ted by 30- 60 m 

in term inus c1 e\ 'at ion O\'er the 20 yea rs be twee n the two studi es. Rikha Samba G lacie r. the 
longes t g lac ier in th e va lley, has re t rea ted by a bo ut 200 m . The a rea l a \'e r age o r th e 

amo unt o r su rface lowering a nd the \'o lume loss of the glac ie r was estimated to be 12.6 m 
ice equi va le nt a nd 13% o r th e to ta l m ass, res pec ti ve ly. Th e a nnua l mass ba la nce of 
- 0.55 III a-I wa ter equi valent was obtained as a n a\'erage fo r 20 yea rs, which is o nc of th e 

la rges t negat i\'e \'a llles am o ngst sma ll g lac ie rs o r th e world . 

INTRODUCTION 

The shrinkage or sma ll g lac ie rs and ice caps has signific­

a nti y cO l1lributed to sca-Ieve l ri se o\Tr the pas t 100 yca rs in 

associa ti o n \\'ith th e recent warming. ;o.leier (198+) esti­

mated the ave rage mass ba la nce or g lacie rs in the Pa mir­

K ara ko ra l11 Hill1a laya n r egion to be - 0.31 m a I wa ter 

eq ui\'a IeI1l (w.e.) O\Tr the pre\ 'ious 100 years. The estima te 

was based o n a re lati o nship he t\\Ten m ass ba lancc a nd 

a nnu a l m ass-ba lance a mplitude. The amplitude ror thi s 

region, ho \\'eve r, was deri\ "Cd by reference o nl y to t\\"o pa rti­

cul a r g lac ie rs. Al so. most o r th e g lac iers in th e Himalayas 

arc o r a summer-acc umula ti o n type: thc m aj o r acc umula­

tion a nd abla tion ta ke pl ace simultaneo usly during th e 

summer. Their mass-ba la nce regimes co uld therefore be 

dilk rent rrom th ose fo r w int er-acc umul a ti o n-type glaciers 

which a re abunda nt in most regions thro ug h o ut the wo rld 

(/\ ge ta a nd Higuehi . 198+). 

Altho ug h se\Tra l studies o n the flu ctu a ti ons of g lacier 

termini in the Hima layas ha \"C bee n m ade (e.g. i\fayewski 

a ndJesehke, 1979; Fushimi a nd Ohata , 1980; Hig uchi and 

oth ers, 1980; Ya mada a nd o the rs, 1992; K ad o ta a nd others, 

1993). long-term (a ICw decad es ) mass-ba la nce data are lim­

ited. Howe\"Cr, by examining the \'olume ch a nges orglaeiers 

in the regio n. it should be p oss ible to estim a te their average 

mass ba la nces and exa mine their recent behcl\ 'io Llr in th e 

Hima layas. 

G lae io logica l resea rch wo rk bega n on the g laciers in 

Hidden Va ll ey. ;o.[ukut Him a l, in 197+. During that wo rk, 

mass ba la nce, glacier fl ow a nd terminus ele\ 'a ti ons were 

obser \'ed (FLUii and oth e rs, 1976; i'ia kawo a nel o thers, 1976). 

I n orde r to assess th e ch a nges in the g lac iers O\'er the 

20 yea rs since 197+, \Vc ca rri eel out fi eldwo rk in O ctober 

199+ (Fujii a nd others. 1996) as pa rt of the C ryosphere 

Research Exped ition in the Hima layas (CRE H ), 

In thi s p a per. the a\ 'e rage m ass ba la nce during the pas t 

20 years has bee n estim a ted using C REH d a ta a nd com-

pa red with se \T ra l dccada l scale m ass-ba lance ave rages of 

g laciers throu g ho ut the worl d . 

FIELDWORK IN 1974 

Hidden \'a lley is loca ted in th e no rthern pa rt of the centra l 

Nepal Him a layas (28 50' N, 83 30 ' E ). The clim a tic co n­

d itions a round the \'a ll ey a rc \T r y dry (Shres th a a nd others. 

1976; :\'epa l, ;o.linistr y or \\'a te r R esources. 1988), There a rc 

II g laciers in the \'a ll ey a nd th e ir locati ons a re shown in Fig­

ure I. \\'ith the exception o r g lac ie r G 2. whi ch is highl y 

de bri s-cO\'ereel in its abl ati on zone, th e glac ier surfaces a rc 

rclati\"Cly sm oo th a nd debri s-rree. 

The c!e\'a ti o ns of the termini of g laciers G2. C3, G+, G -. 

G7, G8. G9 a nd GIO \\'ere measured using a n a ltimeter. 

Rikha Samba G lac ier (G5). th e lo ngest glac ier in th e \'alle y, 

was closely obsen Td . i\aka\Vo a nd o thers (1976) m easured 

the trans\'erse surface profile o f the g lac ier a long line i\ 

(nea r the terminus), a long li ne C (a round th e equilibrium­

line a ltitude (ELA)) and a long lines D and E (in the acc u­

mul a ti on zone ) (Fig. 2). In addition, th ey made a de ta iled 

m a p orthe te rminus a rea by pla ne-ta ble sLlnTy. 

FIELDWORK IN 1994 AND RESULTS 

[n 199 -1·, th e te rm i n i or glac iers G 2, G +, G5, G8, G9 a nd G 10 

were remeas u redusi ng a Thommen a lti meter. The lerm i nus 

a ltitudes obta ined in 197+ a nd 1994 a rc compa red inla bl e I, 

where a retreati ng trend can be seen fo r g lac iers GS. G 8. G9 

a nd G IO. In contras t, g lac iers G2 a nd G+ ap pea r to halT 

a dva nced. H owever, it is unlikely tha t th e terminus of 

g lac ier G2 has m oved lower, because no mO\'e ll1 ent of th e 

ice was detec ted in 1974 (Na kawo a nd o th ers, 1976). This co n­

diti on is a lso implied by th e prese nce o r a thick debri s cO\·er. 

The terminus o f g laeier G+ is in co ntac t \\ 'ith th e te rminus of 

g lac ier G 5. with a medi a l m ora in e betwee n them . There­

lo re, it is conside red that the no min a l ach-a nee o f g lacier 

583 
https://doi.org/10.3189/S002214300003519X Published online by Cambridge University Press

https://doi.org/10.3189/S002214300003519X


J ournal rifGlaciology 

N 

t 
o 2 3 km 

82'[ 

Fig. 1. Location qfthe glaciers in H idden VaLLe.JI, i\1ukut H imal. The shaded area denotes glaciers ill Hidden I aLLe.JI. T he dmk /Jart 

of glacier G2 denotes the debris-covered area. 
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Fig. 2. Riklza Samba Glacier in 1974 showing the locations rif 

the s un ' l ~ y lines. 

G 4 could be due to shrinkage of g lac ier GS. Although the 

measurement was by a ltimeter, which uses air press ure a nd 

is not so reliable, the termini of the glaciers have appa rentl y 

retreated and the bedrock has reappeared during the las t 

20 yea rs as shown, for example, in Figure 3. 

The terminus of Rikha Sa mba Glacier (GS) was resur­

veyed using a lase r range-finder a nd theodolite (Wild 

TI600). Figure 4 shows maps of the terminus in 1974 (a ) 

a nd in 1994 (b). The distance between benchmarks Bf\I-A 

S84 

Table 1. Altitudes rif glacier termini in 1974 and 1994 

measured using all altimeter 

Glarier 

(;2 

G+ 
G .l 

G B 

G9 

G IO 

. 197-1 

111 a.s.1. 

50+ ~ -l 

5350 

52+5 

5327 

5+99 
5~2 1 

t99-1 Differellce 

m a.s.1. III 

5017 - 27 

5300 50 

5275 30 

5%2 35 

5559 60 

5+80 59 

a nd BM-AO were slightl y di fferent bet ween the t\\'o se ts of 

obsen 'a tions. The difference co uld be due to inacc uracy of 

the 1974 map, which was made by pl a ne-table sun·eying. 

No nethe less, Figure 4 shows clea rly tha t the ice mass of the 

glacier near the terminus has disappeared in the 20 yea rs 

between the sun·eys. Fig ure S shows the change in the sur­

face profi le a long the longitudina l transec t labeled X in Fig­

ure 4. It is clear that surface lowering of about 40 m and 

terminus retreat of abo ut 200 m have ta ken place during 

1974- 94. 

Th e surface profiles a long lines C (a round the ELA), D 

a nd E (in the acc umula tion zone) were remeasured using 

the same survey instrument (Wi ld TI 600), and the ice thi ck­

ness was a lso measured using a 5 f\,fH z radio-echo sounder. 

In the acc umulation zone (lines D and E ), the surface has 

lowered by 15- 20 m duri ng the pas t 20 yea rs but no appreci­

able surface lowering was detected a round the ELA (line 

C ), as shown in Figure 6. 

Fig ure 7 shows the change in surface c1e\'a ti on from 1974 

to 1994 a long the centra l Oowline; the ice thickness obtained 

in 1994, a nd the areal distri bution of lhe g lacier in 1974 were 

dig iti zed from Figure 2. The surface 100\'ering above 
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Fig. 3. Photographs if glacier CID 1/1 1974 (a) and 199-1 (b). In both jJhotogmjJhs Ihe arrows denote the same rock ollteroj), 

although Ihe JJLacesfrom which the pllOtogmj)/ts were takfll are different. 

5700111 a.s. 1. was ass umed to aye rage 10 Ill , because the 

thickness cha nge could be red uced to zero at the uppermost 

poilll of the g lac ier from 20 m at line E. The aHTage surface 

lowe ring for lhc whole glacic r a rca is ealcu la tcc.\lO Ix 12.6 m 
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Fig. -I. Jliap qf the termillus qf Rik/w Samba Clacier: (a) 

/974, (!lier Nakau.'o and others (J976), and (b) 1994, Ihe !JTe­

sent slIrvlJ'. Broken line, shaded area and Jolid squares rep­

resellt the bounelm)1 if the glacier, debris-covered jJart and 

benchmarks, resjJective£),. ill eachjigllre. 
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Iriangles) alld bedrock (oj)en triangles) along line .r near 

Ihe terminus qf R iklza Samba C/acia 

o 

ice eq ui \'a lenl during the lasl 20 years. By assuming the ice 

deplh, based ()lI limitcd obsen·ationa l d ala, the tota l volume 

o f th e glacier is 46.2 x 10
7 

m:
l 

and the vo lume loss during 

20 years is 6.0 x 10
7 

m :
1 

or 13% of the lOla l volume. 

The surface profiles l11easured in 1994 were yery 

accura te (roughly ± 0.05 m) using a laser range-finder. For 

lhe 1974 obsen ·ati on s, howc\'Cr, the e rror was estima ted to 

be ± 0.45 m. Accordingly, th e \'olume loss in 20 yea rs wou ld 

be (6.0 ± 1.0) x 10
7 

m
3

. Ho\\'e\'er, the perce lllage vo lume 

loss wo uld be assoc ia ted wilh a la rger error, because lhe 

stili-undetermined ice thickness in the acc umulati o n area 

as show n in Fig u re 7 would lead to g rea ter unce rt a i nt y 

abo utlhc lOla l ice m ass oflh e glac ie r. 

DISCUSSION 

Figure 8 shows the average mass ba la nce (m w.e. a i) of 

g lac iers selected from IAHS (ICS I)-UNE P- Unesco ( ]\,Ii.il­

le !", 1977; Haebe rli , 1985; H aeberli a nd i\ILillcr, 1988; H aebe rli 
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and Hoclzlc, 1993), G lacier AXOIO in Shorong Himal , cast 

~epa l (Kadora and others, 1993), and Rikha Samba G lacier. 

Al l the mass-balance data arc [or the past 10- 20 years, 

including the 1970s. l\Iass-balance data are not ayai lable 

[or 26 glaciers ineluding Rikha Samba Glacier. For those 

g laciers, the aye rage annual mass balance was calculated 

from the difference in their volume during a certain period 

using an ice density 0[870 kgm 3. 

This ligure shows that the mass balance of Rikha Samba 

G lacier ( 0.55 m w.e. a I) is one of the largest negatiye 

val ues amongst small glaciers in the world. The ayerage 

mass balance of -0.55 m w.e. a 1 ,,'e obtained is also more ne­

gative than that estimated by ~ fcier (1984; -0.31 m w.e. a I) for 

the Pa mir- Karakoram- Himalayan region. It cou ld indi­

ca te either that Meier's estim ate was LOO small for lhis 

region or that the shrinkage of the glacie rs in this region 

has accelerated during recent decades, since his es tima te is 

[or the past 100 years, whereas ours is for the past 20 years. 

Kadota and others (1993) have pointed out that g lac ier 

AXOlO in Shorong Himal, east Nepal, h ad retreated drasti­

call y between 1989 and 1991 at a rate faster than in 1978 89. 

It is possible that shrinkage of Rikha Samba Glacier has re­

cemlyaccelerated. 

l\Ieier (1984) has disc ussed the mass-balance var ia li on 

during the past 100 years by using a relationship between 

the annual mass-balance amplitude (am)and the long .. term 

mass balance (b l ). H e defined alii and assumed a relat ion­

ship between anI and bl as: 

am = (b\\, - bs )/2 

bl /am = - 0.23 

(1) 

(2) 

where b". is the winter ba lance and b,, (normally negati\'C ) is 

the summer balance. '''inter and summer balances arc 

respectively used instead of annual accumu lation and 

ablat ion. In the Himalayan region, howe\'er, it is of littl e 

use to define winter and summer balances, because major 

accumulation and ablat ion occur simultaneously in the 

summer monsoon season (Ageta, 1983). I t is therefore better 

to use the annua l accumulation and ablat ion for b\\' and bs in 

Equation (I ) in order to represent the mass gradient, an ex­

pression of elima tic sensiti\'ity of glaciers: (a ) glaciers w ith a 

la rger mass-balance grad ient, which should have a larger 

a"" are more sensi ti\ 'e to a change in ELA than smaller 

ones; (b) contine11lal-type glaciers with a small anI often 

have cold accumulation zones in which atmospheric warm­

ing does not lead to an increase in mass loss but to fim 

warll1l1lg. 

The relationship between a", and bj is examined using 51 

selected glaciers from TAHS (lSCl ) UNEP- Unesco (Mi.il­

ler, 1977; Haeberli , 1985; H aeberli and Mi.illcr, 1988; H aebe rli 

and Hoelzle, 1993) and AXOIO from K adota and others 

(1993) (Fig. 9), The time period cons idered for these data is 

1110re than 5 years, including the 1970s. The alii [or g lacier 

AXOlO and that [or Rikha Samba G lacier were est im ated 

from Ageta (1983) and l'tU ii and others (1976), respectively. 

Both g lacier AXOlO and Rikha Samba G lacier in rhe Hi ma­

layas showed \'ery negative mass balances for corresponding 

annual mass-ba lance amplilUde (all' )' 

It can be seen in Figure 9a that g laciers with a large am 

a lso show a large positive b" althoug h those glaciers with a 

positive b, are few. vVhen b, is negative, the negative correla­

tion can be seen between b, and aliI (Fig. 9b). The average 

\ 'a lues for the fraction b, /alll and the co rrelation coeffic ient 

for negati\ 'e bj are - 0,28 and 0.55, respecti\·ely. The yalue 
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Jar (b) negatil'l' bl ( bl/ alll is 0.28; R is 0.5.5). 

of 0.28 differs somewhat from but is similar to tha t o fl\ l eier 

(198+; - 0.23) fo r the long-term tre nd. It wou ld indicate that 

g lac iers with a large alll ha\'(' shrunk more sensiti\T ly due to 

t he recent wa I'm i ng. 

Rikh a Samba Glacier is a cOlllinental- type g lac ie r ha\'­

ing cold tempe rat ures in the acc umul ation zone ( -4.9°C at 

23.25 m depth; 5NO m a. s.l.; Fuj ii a nd others, 1996) a nd its 

m ass-ba la nce a mplitude is re la ti\-e ly sma ll (am is 

0.5 m w.e. a I; FLU ii and others, 1976). The estimated 20 years 

III ass bala nce, howe\'C'r, shows a la rge negat ive value 

( 0.55 mll'.e. a I). Surface snow thi ckn ess of Rikha Samba 

Glacier was a fe\\' tens of centime tcrs, e\'en in th e acc ulllu­

la ti on zone (5NO m a.s. L). Such a thin snow laye r in the 

upper acc umu la ti o n zone has a lso been observed in th e 

centra l Tibe ta n P la teau (rl uita a nd o th ers, 1996). FLU ita a nd 

others (1996) sugges ted th at such a th in snow laye r is fa \'or­

able to making ice co ld in winter but has a di sadvantage fo r 

acc umulatio n; afte r complete m elt ing of the thin surface­

sno\\' layer, surface ice with a lower a lbedo wou ld sta rt to 

melt drastica ll y with strong so la r ra di ation at a low la titude 

('\'Cn a t the upper acc umu lation zone. These g lac iers wou ld 

therefore hm-e possibl y la rge negati\ 'e m ass balances even 

though th ey belong to the continenta l t ype. 

The bl for Rikh a Samba Glacier is one of th e la rges t 

negati\ 'e \'a lucs in the wo rld , a lthough it has a relative ly 

small alii ' Ageta (1983) h as pointed o ut tha t the acc umu la­

ti on of the summer-accunlldation-type glaciers wo u ld 

decrease drastically with a n increase in summer temper­

a tu re: the acc umu la tion becomes small e\-en thou gh th e 

prec ipita ti on is \ 'e r )' la rge, because the precipita ti o n 

becomes rain with warmer cond it ions. So th e mass ba la nce 

wo u ld become la rgely negati\ 'C owing to a decrease in accu­

mula ti on as we ll as a n increase in ablat ion for a warm 

summer. It is therefo re considered tha t su mmer-accumu la ­

ti o n-t y pe glac iers wou ld ha\'e a stro ng ly negatiw mass 

ba la nce e\-en if accumul a ti on a nd abla ti on (annual m ass­

ba la nce a mplitude) were to be small. Th e st rongly negat i\'C 

mass ba la nce found ror Rikha Samba G lac ier, in spite of th e 

sm a ll a nnual mass-balance a mplitude, could be attributed 

to the specia l cha rac ter istics of summe r-accumu lat ion-type 
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glaciers, a ltho ugh the ayerage m ass balance fo r a somewhat 

short time period may not be an express ion of g lobal climate 

change but of regional climate variability. Th e contribution 

of the Hi ma layan glaciers to sea-level rise could therefore be 

much la rge r than the prey ious estimate associated with 

recent global warming, because most of the g laciers in the 

Himalayas belong lo the summer-accumul ation type. 
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