
in snow precipa ti on a nd th erm al in so la ti o n , whi ch 
explains the recentl y observed g lacier-m ass loss (Arenil
las and o thers, 1992 ). 

Furtherm o re, Nla rtinez d e Pison and Arenill as Pa rra 
(1988) includ ed some glaciere ts in their ca ta logue. As 
these glaciere ts d o not have crevasse, th ey do not 
consider th em as g laciers, a ltho ugh they are remna nts of 
previous ones (e.g. Punta Za rra glacieret). Likewise, a 
report of the Nlinistero de Obras Pllblicas y Tra nsportes 
( 1992 ) on th e snow in th e Spa nish cordill eras includes 
some glaciers in th e Spani sh Pyrenees with dimensions 
simil a r to Gl acia r J ou Negro, such as th ose of Punta 
Za rra, Balaitus a nd T aillon. All of them, loca ted in th e 
western part of th e glac ieri zed area, are sma ll-size g lac iers 
wi Lh an a rea o f 2 x 10" m2

. R ega rding thi ckness, Glacia r 
J ou Negro is thi cker than those in that report, the rea l 
values reaching 14 m a t some points. 

The presence of isola ted g lacier ice in th e Pi cos de 
Europa is proba bly due to its slower res ponse to recent 
clima te cha nges due to th e specifi c charac teris ti cs of its 
loca ti on, a bove 2200 m and with a northeas t as pec t and a 
shady topogra ph y, as it occupi es an importa nt karsti c 
depress ion. Future research conce rning th e stage of 
evo lution is pl a nn ed and this includes the measurements 
of poss ible va ri a ti ons in ice thi ckn ess and in g lacie r ex tent, 
as well as modifi ca ti ons to th e wa ter-condui t sys tem. 
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Ding and Haeberli: Correspondence 

SIR, 

Compi/alion oJ long-Lerm glacier-jlucllIaLion data in China and a 
comparison with corresponding records }i'om Swilzeriand 

INTRODUCTION 

D a ta on world-wide glac ier flu c tu a ti ons a re bein g 
compa red and inte rpreted in an inc reas ing number of 
pu blica ti ons (Pa tze l t, 1985; Ki slov a nd K oryakin , 1986; 
M a karevi ch and Rototayeva, 1986; V a llon and oth e rs, 
1986; H aeberli a nd oth ers, 1989a; Kick, 1989; O erl em a ns 
a nd others, 1993; Willi a llls and Ferri gno, 1993; O erl e
ma ns, 1994). Th e surface a reas of glaciers in C hin a 
accoun t for abou t 10% of the tota l surface area covered 
by ice caps and mounta in glac iers on Earth , exis tin g 
ou [sid e the la rge pola r ice shee ts (H ae berli and o th e rs, 
1989b). With th e exception of a few indi \' idual glac ie rs, 
ho wever , 111 0 t C hin ese g lac ie rs h ave bee n r a r e ly 
monitored and mcasured . Consequentl y, data on glacie r 
flu ctua ti ons in C hin a a re limited. Th e Chinese glacie r 
monitored andlll cas ured in mos t detail is U rlimqi Glac ie r 
No. 1 within th e U rLimqi Ri ver source region in th e 
central Tien Sha n . Since 1980, va ri a ti ons in the positio ns 
of glacier fronts (leng th change) during va ri ous tim e 
periods have been re po n edlor about 200 glaciers (Zh a ng, 
1980a, b: Karakora m ; Zh ang and Mi , 198 1: Qiliansha n , 
Kunlunshan and Ti en Shan: \Vu a nd o th ers, 1983: Ti en 
Sha n; Xie and o th e rs, 1985: Qili ansha n , Kunlunshan a nd 
Ti en Shan; \Vu a nd o th ers, 1983: Tien Shan; Xi e a nd 
oth ers, 1985: Qili a nsha n; R cn, 198 7: Kunlunshan; er. a lso 
Shi a nd oth ers, 1988, cr. Fig. I). Gl acie rs in th e Swiss Alps 
were chosen fo r a m a in comparison, beca use th ey h ave 
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~ . .J 
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Fig . 1. Location of areas sludied (inset) {{ lid oJ mountain 
ranges in China. The number oJ glaciers studied is: 55 in 
Tien Shall. 42 in Qjlianshall , 40 in K lllllunshan, nine in 
lite Himala)'a, seven in Heugduans/z all, six in the 
Karakoram, three in T anggulashan and Lwo ill Ihe ALLai . 
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been monitored in consid era ble detail during the past 
century. I n Switzerland, mass-balance inform a tion ex ists 
for fi\ 'e glaciers and extensive records on length change 
are a\'a il able [or more than 100 glaciers. 

GLACIER MASS BALANCES 

Although OrUmqi Glacier No. 1 has been measured and 
studied in d etai l, mass-ba la nce obsen'ations were inter
rupted between 1967 and 1979. The mass-balance data 
used here for the time interval 1967- 79 were recon
structed by J. H . Zhang (1981 ), Zhangand others (1984) 
and Shi a nd others (1988 ) on the basis o[ precipitation 
and air temperature record ed by a meteorological sta tion 
situated 2.5 km from th e g lacier and at a n altitude o[ 
3589 m a.s.1. The mass-balance record of another glacier, 
Qj yi Glac ier in the central Qjlianshan , was reconstructed 
(Liu and Xi e, 1987) after 5 years of fi eld m easurements 
using a rel a tionship between accumulation, ablation and 
meteorolog ical parameters (a ltitude of the O°C iso therm , 
summ er ai r temperature, etc .) . Both glaciers are in areas 
ofa continenta l climate. In Switzerland, the mass balance 
of Aletsc hglctscher has bee n estimated from a hydro
logica l ba la nce model ca libra ted by precision mapping in 
1927 and 1957. The model uses precipita tion and run -off 
measurements and ass umes that annu a l evaporation 
remains constant. 

Figure 2 compares annual mass balances since 1959 
[or glaciers in China and Switzerland . Annual variations 
in mass balance are quite synchronous [or the Swiss 
glaciers, whi ch are loca ted in th e same climati c region 
and are elose toge ther. On the other ha nd , short-terlll 
variations a re 1101 synchronous in Switzerland and China. 
Letn'guill y a nd R eynaud ( 1990) disc ussed sim.il a r spatio
tempora l pa tterns of mass-ba lance \'ariab ili ty and pointed 
out tha t the identity of a nnual mass-balance \'ariations 

No.1 
~--~--~---+--~---4 

1959 1963 1967 197 1 1975 1979 1983 1987 199 1 

Fig . 2. SjJecific net mass baLance ( mm w.e. ) J01' gLaciers in 
Switzerland and China. ( a) Swiss glaciers: SiLv1'etta
gletscher ( solid line ) , L immemgLetsclzer ( dolted line ) . 
CriesgLetscher ( dashed Lille ) and Aletschgletsclzer ( dashed! 
dolled Line); ( b) (jrtimqi CLacier J\ o. 1 in China . 
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cannot be recogni zed beyond individu a l mounta in 
ranges. They furth er concluded that, beyond a di sta nce 
o[ 500 Ill. synehroneity cannot be found at decad a l time
scales but that th e main secul a r trends seem to be 
com mon in Europe a nd High Asia. Close inspection o f the 
records indica tes tha t cO lllmon nega ti ve balances during 
1962 64 in Swi tze r la nd , for insta nce, correspond to 
hig hl y positi\'e ba la nces o[ Urumqi Glacier No. I. An 
abrupt change to positi\'e ba lances on Swiss glac iers since 
1965, and continuing until about 1970, is accompanied 
by strong mass losses of Ori.imqi Glacier No. 1. 

Figure 3 shows time series of cumulative-balance 
va riati on . Th er e is consid erab le va riat ion among 
individual glaciers with respect to overa ll gain or loss in 
mass. E\'en though the reconstruc ted mass ba lance for 
Qjyi Glacier is very approximate, ev idence of overall m ass 
gain can be found. FOLlr or the fi ve a nnual mass balances 
d e termined in the fi eld were positi ve and the ave rage 
equilibrium-line a ltitud e on the g lac ier decreased by 
about 100 m between the decad e 1957- 66 to the d ecad e 
1967- 77 (Ding and K a ng, 1985). The tendency towa rds a 
positive cumulative balance for Qi yi G lacier could 
the refore be real. In Switzerland, cumulative bala nces 
since 1960 were slightly positi\'e on Silvrettagletscher a nd 
m a rked ly nega tive o n Griesgletscher. The phenom enon o[ 

r-- (a) $i ivrcllagiclscher 
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Fig. 3. Cumula tive mass balance ( CMB ) vs time Jor 
glaciers in (a) Switzerland and ( b) China. 

highl y variable c umulative mass -ba lance se ri es and 
signifi cantly diffe rent conditi ons of health appears to be 
common for g lac ie rs in the Northern H emi sphere 
(L e treguill y and R eynaud , 1990) . Amongst the reasons 
[or this a re the orientation of the glaciers a nd the 
distr ibution of glacier area with a l titude (hypsom etry) . 
In Switzerland, m ass balances appear to be more negative 
on glaciers that are exposed to the northeas t (there 
appears to be a simi la r phenomenon for most g laciers in 
Fra nce and Austri a ; cL the data given in H aeberli , 
(1985), Haeberli and Mli ller (1988); Haeberli and others 
(1994); H aeberli a nd Hoelzle (1995 )) . Unfavourable 
orientations of glaciers in the Tien Shan with respect to 
the predominant humidity source a re the northeas tern 
and south eas tern quad rants (T a b le I). Qjyi Glacier, 
however, has an unfavo urab le exposure but a positive 
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T able 1. RelationsizijJ between orienlalioll oJ aCClIlIlulatioll area alld cumuLative balalla 

Glaciers La/iLude Longitude Exposure * Condili01,t BaLallcet 

AC AB 

Sil vrc ttag lctscher 46°51 ' N 10°05' E NW W F avo rable Pos i ti \or 
Alclschgle tscher 46°30' N 08°02' E SE S F a vora bl e Posi live 
Pia t ta l vagletscher 46°50' N 08°59' E E E Favora ble Positive 
Rhonegletscher 46°37' N 08°24' E S S Favo ra bl e Posi ti\ 'e 
Lim merngletschcr 46°49' N 08°59' E NE NE U nfavo ra ble K ega ti ve 
Griesgle tscher 46°26' N 08°20' E NE NE Un fa vora ble N ega tive 

Qiyi Glacier 39°14' N 97°54' E NW N\,\' Unfa \'o rable Posi ti\ 'e 
U riimqi No. I Glacier 43°05' N 86°49' E NE NE Unfa \'orable Nega ti\ 'e 

s 
Tu yuksu' 43°03' N 77°05 ' E i\ N U nfa \'ora blc N ega ti\'e 
K ara B.** 42°08' N 78°16' E N N U nfa \'ora ble N ega tive 

* AC, acc umul a ti on a rca, AB, abla tion a rea; t Conditi on th a t glaciers cap ture humidity; t Present cumula ti ve mass 
ba lance; § Gl acicr in K azakhstan; * * Glacier in Kirghizstan. 

mass ba lance. Glac ier o ricnta tion, therefore, cannot be 
th e onl y or even the mos t important fac to r influencing the 
\'a ri a bility in cumula tive mass ba la nces . Th e hig hl y 
positi ve ba lance of Qj yi Glacier could rcsult fwm its 
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hypsomclry (Fig. 4); rh e vv id e firn basin is fax ourable for 
the acc umul a ti on of snow. In a compa ra ble way , a 
relari\'ely la rge Grn basin seems to remed y th e unfa\'our
able north e rn expos ure of Sil\Terragletsch er. Plaltah a-
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interval ill In a .s.!. 
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gle tscher a nd Limmerngletscher a re probably typi cal 
examples of th e combin ed effec ts o[ orienta tion a nd 
hypsome try. These two sma ll glaciers are immedi a tely 
adjacent to each oth er but th eir m ass balances are 
differe nt. Their combined ex posure and hypsometry ma y 
ex pl a in the different bala nces. A simil a r ph enom enon can 
a lso be obse rved with Hintereis- and K esselwandferner in 
Austria (Kuhn and oth ers, 1985; Greuell, 1992). 

In strong contras t to the remarka bl e scatter in a nnua l 
and cumulati ve mass ba la nce, cha nges in cumulative 
mass ba lance a re simila r O\'e r th e time period considered 
(1959- 90) : during th e la tes t decad e ( 1980- 90), a n 
accelera ting trend towards more nega ti ve mass balances 
appears in both regions (Fig. 3) . Short- term local to 
regio na l vari a bility is nevertheless superimposed on this 
ge nera l trend. A change towards marked ly nega ti ve 
ba la nce for Uriimqi Glacier No . 1 occurred in 1978 
wi th th e stronges t loss in 1981 (Fig. 2) , while Swiss 
glac iers a t the same time ma inta in ed p ositive or zero 
ba la nces . R a tes of m ass loss [or the Swiss g laciers, on th e 
oth er ha nd , have accelera ted strongly since 1981. Th e 
trend towards negati ve ba la nces th en rem ains ob\·ious for 
the en tire decade of the 1980s in bo th regions. This 
observation may indica te th a t accelera ted wa rming of th e 
1980s, as refl ected by glacier and perm a frost changes in 
the Alps (H ae berli , 1994) , no t on ly a ppears in mountain 
ra nges with transitional to ma ritim e clima tic conditions 
but a lso a ffec ts areas of strong contin entality. 

V ARIA TIONS IN THE POSITIONS OF GLACIER 
FRONTS (GLACIER-LENGTH CHANGES) 

Th ere a re no continuous d a ta on annua l vari a tions in th e 
positio ns o[ glacier fronts in China . Information o n 
glac ier-l ength changes over ya ri ous longer time inter
va ls, however, is availa ble in a number of publica tions 
(Zh a ng, 1980a, b; Zha ng a nd others, 1981 ; Wu a nd 
oth ers, 1983; Haeberli , 1985; Xie and oth ers, 1985; R en, 
198 7; H ae berli , 1988; Shi a nd others, 1988 ; Haeberli a nd 
Hoe lz le, 1993) . With th e exception of a few direc t 
measurements, most of those da ta were obtained from 
to pogra phic maps a t sca les of I : 50 000 and 1: 100000, 
from ae ri a l photographs a nd from a tellite imagery. D a ta 
on glacier-length changes in Switzerl a nd were mainl y 
ex trac ted from the annua l reports prepared by V A 'vV / 
ETHZ fo r the Swiss Glacier Commission (Kasse r a nd 
oth ers, 1986; Aellen , 1988; Aellen and H erren , 1991 , 
1992 a, b, 1993) . Most of the time intervals considered a re 
shorte r tha n the dynamic response time of the glaciers 
involved. 1r is, therefore, necessa ry to an a lyse cumulative 
leng th changes of glaciers with compa rable geometry 
(es pecia ll y total leng th ) in order to avoid compa ring 
glac ie rs with highly different response ch a racteristi cs (cC. 
Kuhn , 1978; Haeberli and others, 1989a; H aeberli , 1995 ) . 

Fig ure 5 compares cumula ti ve leng th changes of three 
Chinese glaciers with average cumula tive length cha nges 
determined for Swiss glaciers of more or less equal leng th. 
Tu ergangou Glacier (Ti en Sh a n) a nd Qiyi Glacie r 
(Qilia nsha n) a re contin enta l glacie rs but H ailu ogou 
Gl ac ier (Mount Gonga in the Hengdua nshan) is some
wha t m a ritime. These three glaciers are a mong the few in 
China which have been documented by repea ted sun'eys 
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Fig. 5. ComjJal' ison between average change in length of 
Swiss glaciers and changes in length of individual Chinese 
glaciers. 

over vari a bl e time intervals a nd hence may b e compared 
with deta il ed Swiss records. A general trend towards 
retrea t has obviously predomina ted during th e past 30 
years for the in vestigated glacier sizes in China as well as in 
Switze rl and. It is also notewo rth y that the continental Qiyi 
Glacier reac ts less and the m aritime Hailuogou Glacier 
more sensitively than Alpine g laciers with their transitiona l 
clima te. 

The similarity of long-te rm g lacier-length ch anges in 
China and Switzerl and a lso a ppears in the sta tistics [or 
different classes of glacier leng th (T a ble 2) . Increases and 
dec reases in the percentage of retreating glacier snouts 
during different time intervals roughl y follow the same 
pa ttern in both countries, es pecially with respect to 
glaciers shorter than 10 km. Glacier retreat clea rly pre
domina tes, with the exception of the intermi tten t advance 
of long Chinese glaciers a fte r the middle of the present 
century and during the period a round 1980 when 2- 5 km 
long glaciers advanced in bo th countri es . In ge nera l, 
percentages and rates of re trea t for glaciers shorter than 
10 km were higher during th e 1950s but decelera ted since 
the 1960s, leading to a tend ency towards intermittent 
advance in the 1970s with a p eak from the middle of the 
1970s to the beginning of th e 1980s. 

The re treat of th e Chinese glaciers longer than 10 km 
during va rious time period s a ppears to be less stead y and 
less homogenous than in Switze rland. In fact, th ere seems 
to be a dis tinc t difference be tween the two countries with 
respec t to the average ra tes o f g lacier-leng th changes and 
to percentages of advance/ re trea t [or large glaciers. One 
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Table 2. ComjJarison oJ length changes Jor comparable length classes (km ) oJ glaciers ill China and Switzerland ( % is 
percentage oJ retreating glaciers with number o[ glaciers in brackets; rate is average rate oJ length change ill m a / Jor the 
entire sam/Jle of the size catego?)1 and tlte considered time interval ) . The locations of the Chinese glaciers Jor the individual 
time intervaLs are as JoLLows: (/) = Qj.Lianslwn ( eight gLaciers); ( 2 ) = Tien Shan ( two gLaciers ) and Qjlianslzan ( one 
gLacier; (.1) QjLianshan ( nine gLaciers); ( 4 ) Qjlianshan (jour gLaciers) and Tien Shall ( three gLaciers); (5) Qj.Lianslzan 
( six gLaciers ) , Tien Slwn ( one gLacier) and Kunlunshan (seven glaciers) ; ( 6) Qj.l£anslzan ( two glaciers ) and 
NianqingtangguLashan ( one glacier) ; ( 7) Qj.Lianshan (jour gLaciers) and ALtaishan ( one glacier); (8) Qjliallshan ( 11 
gLaciers) , Tien Shan ( 11 gLaciers) and KllllLllnshall ( six gLaciers) : ( 9) TielZ Slum ( one gLacier) , Pamir ( one gLacier) and 
KllnLllllshalZ (jollr gLaciers); ( /0 ) T ien Shall ( two gLaciers) and Hengduanshan ( one gLacier ); ( 11 ) Qjliallshan ( one 
glacier), Karakoram (jollr gLaciers), H imaLaya ( one glacier) and Hendllanshan ( two glaciers ) ; ( / 2 ) Tien Slum ( 11 
gLaciers ) ; ( /3) Qj.Lianshan (one gLacier), Tien Shan ( 1 1 gLaciers), K llnLuns/zan ( 17 gLaciers) , K arakoram ( two gLaciers) 
and HimaLaJa ( one gLacier ); ( /4) Qjlianshan ( one gLacier ), TanggllLaslzan ( one glacier) , KlInlu1Zslzan ( two gLaciers) and 
H engduansha/1 (jour gLaciers) .. ( /5) QjLianshan ( one glacier), Karakoram ( one gLacier), 1-lengdllanshall ( two glaciers ) ; 
(/6 ) Tien Slum (six gLaciers) ; ( /7 ) Qj.Lianslzan ( one gLacier), Tien Shan ( two glaciers) , J.."llnlllnshan ( ten glaciers ) , 

. Himalaya (one gLacier) and Karakoram ( one glacier) ; ( / 8 ) Qjlianshan (one gLacier) , Tr/llgglllaslzall (one glacier), 
Hengdllallshan ( three glaciers) and Kunlllllshan (one gLacier) 

% Rate % Rate 

Length ~2km 

China 100 (8) - 12 .8 67 (2) - 7.2 
Swi tzerland 
Duration 

84 (32 ) -3.5 63 (24) - 1.1 
1956- 76 I ) 1965- 77 ' 2 

Length = 2- 5 km 

Chin a 100 (9) - 10.4 43 (3) - 6.5 
Swi tze rl and 
Dura ti on 

83 (38) - 8.4 64 (28 ) -4.7 
1956- 77 3 , 1966- 73 ·1 

Length = 5- 10 km 

Chin a 100 (5) -5 .8 54 ( 15) - 4.5 
Swi tzerland 
Duration 

77 (24) - 14.8 74 (23) - 8.2 
1956- 77 7 1966- 76 8 1 

Length > 10 km 

Chin a 63 (5) - 6 1.8 55 (6) - 11.3 
Swi tzerland 
Dura ti on 

100 (5) - 18.7 100 (5) - 20 .0 
1937- 68 ' 11 1942- 76 12, 

Length = 10- 20 km 

China 100 (4) - 93 .5 83 (5) 4.4 
Swi tzcrland 
Duration 

100 (4) - 17.9 100 (4 ) - 19.2 
1937- 68 15 1942- 76 16 

reason may be that 51 Chinese glaciers with lengths 
exceeding 10 km , including 18 glaciers longer than 20 km , 
a re used fo r th e ana lysis, whereas there a re onl y fi\ 'e Swiss 
glac iers longer than 10 km and onl y one (Aletsch
gletsc her ) longer th an 20 km . Another reason may be 
the la rger errors for glaciers in China , because data on 
length cha nges of large g laciers in C hin a a re mos tly 
estimated from satellite im agery with resolu tions and 
accuracies of abo ut 100 m. Comparing percentages of 
retreating glaciers therefore may be more rep resentati ve 
in th is special case of la rge glac iers and indeed gives 
somewhat similar resu lts for both regions. 
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% Rate % Rate 

36 (5) - 4.3 33 ( I ) 2.7 
6 1 (28) 4 .6 39 (18) 3.2 

1966- 76 :; 1977- 84 6 

33 (2) -3.9 33 (1) - 1.9 
58 ( 18) 4 .5 55 ( 17) - 2.5 

1973- 80 9 1973- 84' 10 

6 1(20) 19.8 63 (5) - 9.9 
100 (5) 23.4 80 (4) - 17.3 

1963- 76 13 1968- 89 (14 

80 ( 12) - 2 1.8 83 (5) - 13.2 
100 (4) - 21.7 75 (3) - 17.5 

1963- 76 17 1968- 89 (18) 
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Figure 6 summ arizes percentages of ad va nce/retrea t 
for a ll glaciers monitored in Ch ina and Switzerland over 
decadal time in tervals. Histori call y, thi s ap proach has 

Fig. 6. Variation ill t/ze position of ji-onts Jor about 200 
glaciers in China and 160 glaciers ill Switzerland. 

393 https://doi.org/10.3189/S002214300000424X Published online by Cambridge University Press

https://doi.org/10.3189/S002214300000424X


Journal oJ Claciolog)' 

1970 1975 1980 1985 1990 

=j 0 
2000 ..... \ -5 

E 1500 \ / V" 
- 10 ]' 2- 1000 

./ \ 
\ -15 U a:I 500 ; 

.2; o i -20 ..J 
U 

-500 J -25 U 

-1000 -30 

--~-

1957 1965 1973 198 1 1989 
1000 t----::-~--~--~--~~ 0 

~ 0 
§ -1000 

;;- -2000 

2; -3000 
U -4000 

-5000 

1957 

-50 ~ ...... 
...... 

-100 :l 
U 

....... 
Le ............. -............. 

....... 
UrUmqi Glacier No.1 (L=2.2 km) -150 

1965 1973 198 1 1989 

6000 .t:-...... --~--~--~--~- 0 

E 4000 

2- 2000 
a:I 
2; 
U o 

-2000 
Silvrettagletscher (L=3.5 km) 

1923 1939 1955 197 1 1987 

-50 ~ 
~ 

-100 U 
-150 d 
-200 

4000 ·-=--~--~--~--~~I 0 

E 
2-
a:I -6000 

a -11 000 

-16000 

Aletschgletscher (L=24.7 km) 

-500 E 

-1000 ~ 
-1500 d 
-2000 

Fig. 7. Relationship between cumuLative mass baLance 
(CN1 B) and cumuLative Length change (CLC) Jor glaciers 
of dijJerent Lengths. 

been popular. It is, however, highl y problema tic, beca use 
o f the different response types il1\'olved and can, a t best, 
gi\'e on ly a \'ery gen eral outline. Because of the som ewhat 
stead y retrea t for large glaciers, Figure 6 shows princi p
a ll y decadal reactions of sma ll er g laciers and , as such, 
te nd s to confirm the similarity of g lacier changes in both 
co untri es beyond the tim e-sca le of o ne or a few years. 

RELA TION BETWEEN MASS BALANCE AND 
GLACIER-LENGTH CHANGES 

The reactions of g laciers to climatic cha nge il1\'olve a 
compl ex chain of processes. M ass balance is the direct, 
undelayed consequ ence of clim atic forcing, while th e 
length cha nge is a n indirec t, del ayed reaction. Th e 
Ouc tua ti ons described a bove for sm a ll er glaciers in both 
cou n tri es demonstra te thei r sensi tive reactions to c1ima tic 
cha nge. Actuall y, length reactions to m ass-balance forcing 
for sm a ll glaciers a re very quick (Fig. 7) . Length changes 
for the small Plattalvagletscher, for instance, are a lmost 
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synchrono us with ba la nce \'a riations a nd the cun'e of 
(cum ula ti ve ) glacier-length changes is not much smoother 
than the one of (cumula ti ve ) mass balance. Almost 
synchrono us changes in length and mass ba la nce can also 
be found m'e r \'arious time inten'als at Uriimqi Glacier 
No. 1, th o ug h its length cha nges have no t been 
continuously measured. vVith increasing glacier lengt h, 
tongue reac tions seem to be slower and th e smoothing of 
curves from cumulative length change with respect to 

mass-ba la nce reco rds a re more pronounced. For Silvretta
gletscher, synchronous variations still exist but a re less 
obvious. No short-term (yea rl y to multi-annua l) relation 
between leng th change a nd mass balance exists for Aletsch
gletscher, a glac ier more tha n 20 km long. I ts reaction 
time, i. e. the time lag between a ma rked change in 
cumul ative mass balance and the onse t of the correspond
ing advance /retrea t of the g lacier snou t, may be 30 years or 
more; time for full dynamic response and adjustment to a 
new equilibrium length is es tima ted a t a bout 70- 80 yea rs 
(H aeberli , 1994; Haeberli and Hoelzle, 1995 ) . Such long 
delays will essenti ally smoo th out short-term effects of 
climate a nd mass-ba lance forcing on g lacier-length 
changes, so th a t year ly to decada l g lacier-terminus 
reactions to cl imati c cha nge will be unclear. 

F igure 8 summarizes the relat ion between mean mass 
ba la nce a nd mean annua l length change for four length 
classes of Swiss glaciers. Th e length changes for the 
shortes t g laciers ( ~2 km ) a re indeed a lmost perfec tl y 
synchronous with va ria tions in mass ba lance. Lengt h 
changes for la rger glaciers ( total leng th = 2- 5 km and 5-
10 km ) a ppear to follow after a time lag of a few years. 
The leng th changes for 5- 10 km long g lac iers ha\"C a 
sli ghtl y longer time lag combined with more pronounced 
smoothing but the differences with respect to the 2- 5 km 
long glaciers are too sm a ll to make sharp distinctions . 
Interp reta tion of the leng th-change sig na l of glaciers 
longe r than 10 km a nd for the time in terval cove red by 
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Fig. 8. ComjJarison between annu.al mass baLance and 
annual Length challge Jor various sizes of Swiss glaciers; 
( a) 5 year centred moving average oJ mass balance; (b) 
5 year centred moving average Jor Length changes ill 
different Length ( L ) classes. 
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direc t mass-ba la nce measu rem e n ts is more difIicult. 
R eaction times are most likely to be in the d ecad e 
ra nge. \rost remarkably, h O\~'ever , a nd in contrast to the 
shorter g lac iers, average ra tes of change remained 
negative (retrea t) throughout th e obsen'ation period. 
The longest g lac iers were not (ye t?) a ble to re-advance as 
a reaction to th e posi ti ve mass ba la nces in the la te 1960s 
and la te 1970s. 

Th e tim e pe ri od considered in Figure 8 is abou t 
30 years a nd , h en ce, shorter th a n the charac teristic 
d ynamic res ponse time of most mountain glaciers. By 
looking a t tim e inten 'a ls, wh ich co rrespond to th e 
d ynamic response time (ta) of indi\'idual glaciers, the 
long-term mean mass balance ((b) ) can be inferred from 
cumulati\'e leng th change caused by a step change in 
mass balance (c5b ) on th e basis of ass umed stead y-state 
co nditions before a nd after response, linea r adjustment of 
mass ba la nce to new eq uilibrium conditions during 
response and continuity (cr. J o hannesson and o th ers, 
1989; Hae berli , 1990, 1994; H aebe rli and Hoclzle, 1995, 
for background a nd ca libra tion ) : 

ta = hmax/bt 

c5b = bt . L / Lo 

(b) ~ c5b/2 

(1) 

(2) 

(3) 

wh ere bl is th e (a nnua l) ab la ti on a t the glacier terminus, 
c5b is the ass umed step change in m ass balance leading to 
th e length cha nge c5L O\'er th e tim e peri od tn starting from 
the origina l g lacier length Lo and hm"-X is maximum 
g lacier thi ckness (a ll valu es in water equi\·a lent ) . 

T ablc 3 compa res a\'erage mass balances calculated in 
this \I'ay fo r the Alpine Rhonegletscher and the Chinese 
Uri.imqi Glacier No . I. The agreement between the 
direc tl y measured mass balance and the mass balan ce 
inferred from cumul a ti\'e leng th change is striking for 
Rhoneglctscher (m easured: - 0.25 /inferred: - 0.28 m w .e. 
year I) as we ll as for UrLimqi Glac ier No. I (measured: 
- 0. 14/inferred: - O.llmw.e. yea r I) . The dynamic res
ponse time of Rhonegletscher is abo ut twice as long as 

Table 3. Comparison of measured and estimated glacier 
mass changes. Sources: Aellen ( 198/ ), " 'ang (1981), 
<hallg. <.S. (1981) , FUllk (1985). r Oll ( /988), Chen 
and Fllnk ( 1990) , Haeberfi and Hoe/de ( /995) 

l\I easured ave rage b (m w.e. a I) 
Tota l leng th today (km ) 
Estim a ted maximum thi ckn ess 

toda y (m) 
Abla ti on a t snout (m w.e. a- I) 
E stimated res ponse time (a) 
Considered tim e interva l 
L eng th change (km ) 
Inferred ba lance ch a nge 

c5b (m w.e. a I) 
Inferred (b) (m w.e. a I) 

Rholle
gle/sehe,. 

- 0.25 
10 

500 
5.5 

90 
c. 1890- 1980 

- 0.55 
- 0.28 

Onimqi 
.'\ '0. 1 Glacier 

- 0.14 
2 

130 
3 .2 

40 
1963-9 1 

0.14 

- 0.22 
- 0.11 

D ing alld Haeberli: Correspondence 

th at o f .. ri.imqi Glacier No. I . For direc t comparison of 
the two g laciers and th eir secul a r mass cha nges inferred 
from cumulat i\'e . le ng th cha nge , equ a ll y long tim e 
intervals should be considered. Uri.imqi Glacier No. I 
began to retrea t from i ts Little Ice Age maximum in 1876; 
by 1990, it had lost 0 .5 km in length. With this histori cal 
retrea t, th e secular ba lance change (c5b ) and average 
sec ul a r balance ((b) ) calcu lated from Equ a tion (2 ) 
become - 0.8 and - 0.4 111 w.e. yea r I, res pec tively. H ow
e\'e r , the glac ier \I'as proba bly ab le to adjust fully twice or 
e\'en three tim es as a reac ti on to (ass umed step-typ e) 
mass-bala nce changes since the end of the last century . 
Th e calcula ted secula r mass-ba lance cha nges and a\'erage 
secul a r mass-balance values must, therefore, be reduced 
correspondingly. The resulting average secul ar mass loss 
of Uri.imq i Glacier No. 1 is 0.1- 0.2m w .e. year I. Such a 
va l ue is roughl y half the characteristi c va l ues ob tained for 
Alpine g laciers (Rhon egle tsc her in Table 3; cr. also th e 
data give n by Haebe rli ( 1994) and H aebe rli and H oelzle 
(1995))- a fac t v.; hi ch m ay be ex plain ed by the lower 
clim a ti c sens itivity of th e contin en ta l-t ype U rLil11qi 
Glacier No. I. I t is especia ll y importa nt to note tha t th e 
cold urn a rea of UrLimqi Glacier No. I (H aeberli and 
othe rs, 1994) probabl y reac ted to 20th -century atmo
spheric wa rming by increased meltwa ter refreezing and 
urn warm ing; mass loss was therefo re res tri cted to the 
abl a tion a rea or about h a lf the glacier a rea. Cha racte r
isti c ra tes of secular g lacier mass loss a re in any case in th e 
ra nge of dm yea r- I and , hence, closely comparable in 
both regIOns. 

CONCLU SIONS 

Effects o f clima ti c forcing on glaciers arc different during 
various time periods and strongly depe nd on topographic 
and g lac io logical factors. Variations in th e ma ss balance 
of indi v idu al glac ie rs at present d e pe nd mainly o n 
humidi ty conditions a nd topograp hi c fa cto rs (hypsome
try a nd orienta tion \~'ith respect to the ma in humidity 
so urce ) . Comparisons be tween glac ier evol u ti on in C hina 
and the Swiss Alps neyertheless demonstrate that some 
cha racte risti cs of g lacier flu ctuations a rc similar in both 
regions during pas t d ecad es. The O\ 'e ra ll trend is onc of 
mass loss and glacier ret rea t with a modes t intermittent 
growth a nd re-advan ce between 1970 a nd 1980. Th e 
simila rity of variat ions in the pos itions of glacier fronts 
betwee n the two countri es points to comparable climati c 
forcing over decada l tim e interv a ls on th e Eurasian 
con ti ne n t. T nter- ann ual nlria tions in mass bal ances , 
however, a re different a nd rema in pa rtl y unexp lained . 
Furth e r im'estigation of such diflerences is necessa ry a nd 
intercompa rison of g lacier flu ctuations should be ex
pal1Lled to other regions of the worl d. 
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9.6 
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7.6 
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5. 1 
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10.0 
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3.20 
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12.99 
13.00 
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9.+2 
+. 70 
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62.0 
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1969- 76 
192 1- 68 

1960- 65 
1965- 66 
1966- 73 
1973- 84 
1966 SI 

1956- 77 
1956- 77 

1966- 73 
1966 73 
1966- 73 
1966- 76 
1966- 76 
1966- 76 
1966-76 
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10+ Yinshuga iti 

105 Q ogir 

106 Sikanya ng 
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108 R ongb u 
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I11 :\llIz hac n 
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11 3 \\ ' uzhong tushi 163 
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11 5 A yilangshu 

I 16 K a lagey u lc 
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11 9 G uli )'a 

120 Gozha 

121 Dagongba 

122 Ya nzigou 

123 H a iluogo u 

1 2~· K uoqik ae rbax i 

125 S ha yini e ba 

126 Xi taiian 

127 Dongtai la n 

128 K eqik etic li e 

129 K eqikcta ili ekes h u 

130 K eq iketa iz iba ishu 

13 1 Q ongkuoz ibay i 

132 N a n \" i1 aocrq ie ke 

133 :\I a la nsha n :-10. 2 
13+ 1\l claol11a hall. i'\ + 
135 1\ lclaomaha n. S I 

136 :\lclaol11a ha ll . S -I 

137 K cl i\'a llg 

138 Y u(","a he :'-i o . 

139 YlI c>a hc ~o. 2 

1+0 Li nglong 

141 Pa nglaz i 

142 . \ kes h,,\·i No. 29 
1+3 Y u long kashi 34-1 
144· Yul ong kashi 3+-2 
145 Y u lo nkas hi 31 
1+6 Y u long kas hi 20 
1+7 Y ulongb shi 72 
148 Y ulong kashi 60 
1+9 Y u longkas hi +8 
150 Y u longkas hi 39 
15 1 Eas t Ro ng bu 

152 Bra ldu 

153 :\ l ixi,l(o ng to ng 

1 5~ Q aodll l11a kc 

155 Shul11uka er 

156 Gonggcc r 

157 Qie l11cga n 
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16 1 K a iyaj a 
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Coordillates 

36.03 :-I 
36.00 :-I 
36.00' N 

76.00 E 
76.47 E 
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:\ Iount Q Olll o la n gl11a '\ 

28.0r i\ 86.87 E 

+9.10' :-I 
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-11.05 - N 
+1.08 :-I 
+1.92 ~ 
+2.27 N 
+3.65 0i 
42 .+2 :-I 
35 17 i\ 
35. 16 :-I 
29.35 '\ 

29.58 N 

+ 1.75 :-I 
41.85 ' N 
+ 1.95 0i 
+1.95 :-I 
-f2.02 i\ 
+1.98 N 
~ 1.95 '\ 
-f2.00 N 
f2. 18 0i 
35.8 1 '\ 
36. 10 N 
36.0+ N 
36.08 '\ 
35.73 N 
36.42 .\1 
36.-13 '\ 
36.33 N 
36 .1 5 N 
36.05 :-I 
35.+5 0i 
35.+3 :-I 
36.+3 '\ 
35.+3 i\ 
35. +2 :-I 
35.42 :\ 
35.+0 i\ 
35.+3 0i 
28.09 :\ 
36.09 :\ 

87.82 E 
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77.+7 E 
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79.83 E 
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85. 17 E 
8 1.67 E 
8 1.29 E 
81.05 E 

10 1.52 E 

10 1.88 E 

10 1.93 E 

80.12 E 
80.20 E 
80.17 E 
80.27 E 
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18.0 23. 13 
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22.2 86.89 
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29.0 131.00 

36 .7 293.40 
12.5 21.80 
10.7 11.56 
15.6 + 1.80 
32 .0 184.50 
14.0 32 .00 
14.2 +1.80 
12.+ 11 9.33 
13. 1 33.+7 
11 .0 20.2 1 

10 .. ) 32 .1 5 

13. 1 25.7 1 

25.5 83.50 
11 .0 16.50 
25 .0 113.20 
19.0 60.00 
17.5 10+.00 
11 .8 31.00 
12.0 28.00 
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59.5 
10.9 39.10 
12.8 31.20 
23.9 131.80 
15.8 6+.30 
13.2 35.20 
18.5 65.90 
11.5 21. 30 
I 1.2 38.60 
14.0 51.00 
12.1 42.00 
13. 1 33.29 
32.-1- 131.26 
I +. cf 22.06 
2+. 1 80.96 
27.8 229.71 
18.5 76.07 
19.5 177.96 
20.5 11 5.99 
I-LO +8.45 
35.0 14+.62 

9. 0 

20.0 

2 1.6 

20.0 

Rate 

111 ~ ca r 

0.0 
5+.8 
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- 200.0 

+3.3 
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56.3 
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1.3 
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-16.2 
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0.0 
<1.2 
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Dillg a/ld Haeberli: Co rresjJondence 

I nter1"({/ 

1937 68 
1937- 68 
1937 68 
1968 73 
1970- 76 
1921 - 66 
1968- 80 
1959- 80 
1964-72 
1906 59 
196'1-78 
1946- 78 
1963 76 
1963 76 
1964-76 
1964-- 76 
19H 72 
1965 77 

1970 90 
1970 87 
1957 8.J. 
198+ 90 
1930 66 
1966 H3 
1983 90 
1930 66 
1966 82 
1982 83 
1983 89 
1989 90 
1942 76 
1942 76 
19·,2 76 
19+2 78 
1 9~2 78 
19+2 78 
19-f2 78 
19<,2 78 
19+2 76 
1970 76 
197 1 76 
197 1 76 
1971 76 
1968 76 
197 1 76 
197 1 76 
197 1 76 
196B 76 
196H 76 
1970 76 
1970 76 
1970 76 
1970 76 
1970 76 
1970 76 
1970 76 
1970 76 
192 1 68 
1937 69 
1968 78 
1958 75 

1956 60 
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1956 60 
1973 79 
1959 60 
19+6 78 
197 1 74 
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1976 78 
19+2 73 
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Glacier II!lme Coordinates Length Area Rate In ten,(t/ Source 

km km2 m yea r 

163 Gangou"j 30.93 - ~ 79 .07 E 30.0 1850- 79 Shi and othe rs ( 1988) 
16'. J a bul a Hima la),a 2 1. 0 76.09 1969- 76 Shi and others ( 1988) 
165 Kung bu Himalaya 18.0 39.24 1930- 56 Shi and others ( 1988) 
166 Gechongba Hi malaya 20.0 80.83 1959 79 Shi and others ( 1988 ) 
16 7 Bula Hima laya 1959- 79 Shi and others ( 1988 ) 

ERRATUM 

Vo!. 41, No. 139, p. 54 1 

We apologise for mi ss pelling R.j. Motyka's name in th e paper by Nolan and others. The correct form is given below. 
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