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Nourishment conditions lind main featu res of a blation were 
ana lyzed using a model of mass e xchange for some glaCIers in 
the TieR Sha n. Pamir . Southeast Tibet. and nonh s'ope of 
Himalaya. We used expedi tionary data and long-term recordJ 
on tile Golubin. Thyu.lcsu. Inylchek. Fedchenko. G o nga. ilnd 
Sh ishapangma glac iers and standard me teo rological data from 
36 stations in the region. Glaciation in the se areas is less 
balanced and responds strongly to climatic c hanges. At the 
same time. each of these areas has its own spec ific features of 
glacioc limatic conditions de pending on the orography, 
latitude . and re lative location in the Central Asian mountain 
system. The primary glacioclimatic factors controll ing the 
c urrent state of glaciation in these systems were idenufied and 
quantifi ed. 

Most o f th e glac ie rs studied in this work have a negative masl 
balance. which illustrates the gene ra l trend towards 
degradation of glaciation in Central Asia. The greatest values 
o f negative balance were found for glac iers w ith a monsoon· 
type alimentation. as we ll as for glaciers of rhe Central Pamir. 
whose glaciation conditions are detennined to a considerable 
extent by the influence of Atlantic air masses. Variability of 
mass balance and fim-line position are greatest for these areas. 
The se characte ristics are typically stable for the Central Tien 
Shan. Progressing from nonh to south . average summer values 
of air temperature grow simultaneously w ith inc re ase of tOlal 
ann ual precipitation. Based on reconstructed meteorological 
information and dendrochronological materi als. we estimated 
that over the past ISO to 200 years mean air temperature in 
North T ien Shan has ri sen 0 .9'C in summer and annllal 
precipita tion has decreased 100 to ISO mm. 
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How many ablation stakes aR enoullh? 

A G Fountain and A V Ve~hia. U S Geological Surve y, 
PO Bolt 25046. MS 412, Denver, CO 110225 

The most common method of de~rmini ng the mlSII change of • 

glacier Is 10 calculale it from changes in density Ind thic kneu of 

the ncar surface layers measured at stakes pl anted in the gll cier 

surfa~ . A practical problem is determining how many abll tion 

Stakes are neces.~ary to adequately represent the glacier surface. 

The problem has three facets : I) How many Slakes are requi red to 

achieve a cenain accuracy? 2) Given a limited nu mber of stakes. 

how large is the incu rred error? 3) Given a limi~d num ber of 

stakes. where s hould they be placed in order to achic-ve maximum 

~urlcy? The solution to th is problem w ill not only benefil the 

ope ration of fi eld programs but al$O provide an objective esti mate 

of the error in the mass change, which will aid in assessing the 

sigm fi cance of the c hange. Together wit h data from other glaciers. 

such an e rror estimate will he lp dete rmine the signi ficance of 

glacler mass changC3 to regional w ate r ~upp l i C3 and to sea level 

changes. 


Alpine glaciers generally show a strong dependence of mass change 

on elc-vation and this dependence can be o fte n described by I 


quadrallc equation. For one case investigated, using a universal 

krigi ng approach, no significant spatial corre lation was found in the 

deviat ions from the quadratic equation. This indicates tha t standard 

statisti cal regression methods can be used to determine the error in 

the calculated mass change. The stake location becomC3 important 

whe n th: r.umber of stake5 are reduced as one attempts to define 

the relation betwee n mass change and elC-V l lio n. 
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Dttennini"l Glac:Kr Maa Balance Usllll Diclt.1 Eln"llion MOdel. 
&Del Gmp-apbic lnrortnluon Sysums 

K ELDER (Center for Remote Sensing and Environmental Optics. 
University of California. SanIa Bamara. CA 93106. 307-739'{)848) 

D YANG (Lanzhou Institu~ of Glaciology and Gcocryology. Academia 
SiniC<l. Lanzhou 73CXXXJ. ~le's Republic of 0Una) (cumntly at 
Canadian Climate Centre. Envirorunent Canada. Downsview. OntariO) 

Mass balance measuremerus were earned out in May of 1990 on GlJder 
No. 1 In the iJrlImqi River basin. Xinjiang Uygur Autonomous Region, 
northwestern Olina. in an etlon to examine differences in mass ballUlCe 
calculations resulting from sampling and estimauon procedures. T1uee 
different snowo{jepth data sets were COllected consisting of: (I) 111gb. 
resolution depth transects covering the glacier. (2) depths tak.c:n from the 
permanent stake network . and (3) an intermediaIC data set constmcted 
using !he stake network and supplementary depth data from locations nee 
covered by the stake network. 1l1c glacier was divided into ten elevation 
zones and the data were registered to a digital elevation model for 
analysis. AnalYSIS was completed using IPW (Image Processing 
Workbench) and !he GIS pacuge GRASS. 

Results show that !he pemwlCnt stake network provides an accume 
estima~ of total mass balance, if certam techniques are used for 
extrapolation to higher elevations. although estimates of mass balance for 
particular regions of the glacier are not accurate. Some regions were 
overestimated while others were underestimated. leading to a good overall 
estimate. TIle intermediate resolution data set provided bet~r wiUtin-zone 
estimates of mass balance. but was less accurate thin the stake network 
for total mass balance. We found that digital elevauon models coupled 
with analytical capabilities common to a tYPiCal GIS provide a powerful 
tool for determining glacial mass balance. 
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(ntemal Ablation-An Overlooked Component orGlaeier 

Mau Balance 

~ (US Geological Survey, 800 Yukon Drive, ~'8 irbanU, 
AK 99775; 907-479·5645) 

(;Iacier lIu rface mea8urementll of snow. old tim. and glacier 
icemelt I1 r e made at numerous g lncir.rs but estimates of internal 
ablation are not . Therefore. the glaci~rII' total ablationR a re Wl· 
dr.relltima~ . Internal melting ill caused by heat fro m geother
mal sources and by potential enerlO' IOSI!eIl d ue to OOw1ng 
glacier ice and liquid runoff. 

Assuming that geothermal heal and all poten tial enel'lO' 10 8"'1 
in the temperate part of a glacier cause melting, t he annu a l in· 

~~~~:~~aSl~nlraadi~~:~~I~vs~:!~!~~~f~idi~~:"nad~::~~t70~ 
for five glaciers in North Amenca are approximately 

Glacier 	 Abla tion Percentage 
(meters) 

nlack Rapids 0.06 7 
Wolverine .10 12 
Columbia .11 11 
Hubbard .18 35 
South Ca.cade .09 tl 

At all glaciers except Hubbard. the potential ene rgy loss froUl 
liquid r u noff is the pri m a ry heat source CIIuRing interna l a bla 
tion . Hubbard Glacier is u n usual becau~e the potential enel'lO' 
1088 due to ice flow causes more than half of the interna l abla 
tion . Furthermore, that melting is a relatively la rge part of gla. 
cier ice ablation beeause only 5 percent of the glaCler's 8urface 
is below its equilibrium line. Estimation of both interna i ateu· 
mulation and ablation are required if long-term mass balance 
serie8 a re cheeked agalnsl measured ice volume changes. 
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Mass Balance and Cold Air Ponding. an Analysis of Conness Glacier, Siemt 

Nev.lida. Califo rnia 

F B Cbambm (Department of Geography and Center for Environmental 
Sciences. University of Color.lido. Denver, Denver, CO. 80217; ph. 
303-556-2619; fu . 303-5.56-<4822 (Sponsor: Andrew G. Foullllin) 

Conness Glacier, like many of the smal l glacien in the Sicrnl N~lIda and 
central R(X;kies . exists at the southernmost I imit of glacicriz.llion in the 
northern hemisphere in wbat might be described as a · lIWlinal · ,lacier 
environment. These an areaa confined to high el~a.tio[Q and su.Kqlllble 
to small changes in II1lIlOspheric energy and moisture resimes. The 
location of Conness Glacier is 110 exception. The current lix-year 
California drought hu resulted in a series of extremely nqIlive balance 
yCMI for the glacier. Approximately five percent of the ice lurface ana 
melted aWly durinl the summer of 199\. It now ippeaI1 !lui an CVell 
larger ponioD of the glacier may melt away within the nal few yean. 

An exception to this trend is found, how~er . at the base of Ille I lacier ill 
what is characteristically considered the • ablation zone· . Here. m id air 
pondi ng behind . massive terminal morainelbedrock compla I«InI 10 be 
inhibiting melt and may be promoting accumulation. wIIi le upper readies 
of the glacier show eUreme ice wa!tage. Temperarure meuurenenu takell 
during several summer ablation seasons indicate thl! the lower glacier 
experiences more frequent and harder freezes than do higher rqlOns on the 
glacier. Thus . COMCSS Glacier appears to be an example of an -invene 
glacier· 
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