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3.7 KOZELSKIY (RUSSIA)

COORDINATES: 53° 14' N / 1580 49' E

Photo taken by Ya. D. Muravyov in September 1984.

The valley-type glacier is located on the eastern slope of Avachinskiy Volcano in the Vostochny
Range of Kamchatka Peninsula and extends from 2,030 to 870 ffi a.s.l. Its surface area is
1.78 km2 and the exposure is S. Annual mean air temperature at the equilibrium line of the glacier
(around 1,590 m a.s.l.) is -5 to -6 "C, The glacier is thought to be temperate, perhaps with a cold
surface layer in the upper parts of the ablation area. Average annual precipitation as measured at
1,850 m a.s.l. is about 2,100 mm. A l :25,000 topographic map of the glacier in 1975 is not yet
published. The main peculiarities of the glacier are the sub-lengthwise orientation of the equilib-
rium line and a zone covered by volcanic ash in the upper reaches of the glacier, where mass ba-
lance remains zero.

The two reported balance years were both normal regarding the winter balance, while summer
conditions differed greatly. The year 1989/90 had the warmest summer for the last 45 years in the
vicinity of the Petropavlovsk Kamchatskiy weather station, resulting in a strong mass loss of
1.28 m water equivalent at the end of the balance year. The resumption of the Avachinskiy Vol-
cano eruptive activity in January 1991 caused the deposition of a thin ash layer at about 3 m depth
within the winter snow cover. This contamination of the snow is assumed to have increased abla-
tion by some 10 to 15 % but the cool su~mer of 1990/91 nevertheless enabled the glacier to ob-
tain a mass gain of 0.46 m water equivalent.
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3.7.1 Topography and observational network
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3.7.2 Net balance maps 1989/90 and 1990/91
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3. Extensive Information

3.7.3 Net balance versus altitude (1989/90 and 1990/91)
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3.8 ABRAMOV (TADJIKISTAN)

COORDINATES: 39° 39' N / 71° 38' E

Photo taken by G.M. Kamnyanskiy in 1978.

The valley-type glacier of the Amudarya river basin is located in the Southern Alai Range and ex-
tends from 4,960 to 3,625 m a.s.l. Its surface area is 26.21 km2 and the exposure isN, Annual
mean air temperature at the equilibrium line of the glacier (around 4,200 m .a.s.l.) is -6.5 to -8 "C,
The glacier has a temperate accumulation zone but cold ice near the surface of the ablation area.
Periglacial permafrost is probably discontinuous. Average annual precipitation as measured at
3,840 m a.s.l. is about 750 mm. A 1:25,()0() topographic map of the glacier is still unpublished.

In 1989/90 the glacier received about 2() OÆ) above the average precipitation but June-to-September
air temperatures were 1.3 "C above the average. June and September in particular were extremely
warm. With -0.54 m water equivalent, net mass loss of the glacier corresponds to the long-term
mean. The year 1990/91 was normal both in precipitation as well as air temperature. Hence, mass
balance (-0.42 m water equivalent) was again close to the long-term average. Equilibrium line
altitude in both years slightly exceeded 420() m a.s.l.
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3. Extensive Information

3.8.1 Topography and observational network
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3.8.2 Net balance maps 1989/90 and 1990/91
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3. Extensive Information
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3.8.3 Net balance versus altitude (1989/90 and 1990/91)
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3. Extensive Information

3.9 TSENTRALNIY TUYUKSUYSKIY (KASAKHSTAN)

COORDINATES: 43° 03' N/77° ()5' E

Photo taken by K.G. Makarevich in August 1970.

The valley-type glacier in the Zailiyskiy Alatau Range of the Kazakh Tien Shan is also called
Tsentralniy Tuyuksu Glacier. It extends from 4,220 to 3,400 m a.s.l and has a surface area of
3.02 km2 with the exposure being to the N. Annual mean air temperature at the equilibrium line of
the glacier (around 3,800 ffi a.s.l.) is -6 to -7 "C. The predominantly cold glacier is surrounded by
continuous permafrost and reaches melting temperatures over parts of the bed. Average annual
precipitation as measured with a great number of precipitation gauges is about 1,000 mm in the
glacier belt. Ablation processes play the key role for the mass balance of this continental-type
glacier with considerable winter accumulation (roughly 50 % of annual precipitation).

Both reported balance years were unfavourable for the health of the glacier. In 1989/90, winter
balance remained below the average and ablation was higher than the long-term mean by a factor
of 2.5. In 1990/91, accumulation amounted to only 62 % of the long-term mean while ablation ex-
ceeded its norm by a similar amount as in the previous summer. The resulting mass losses of
-0.96 m water equivalent in 1989/90 and of -Ll Om water equivalent in 1990/91 deviate from the
long-term mean by 0.62 and 0.76 m, respectively. The altitude of the equilibrium line was higher
than average by 80 and 145 m. The peculiar feature of the reported balance years was the unusual
predominance of the liquid phase in summer precipitation.
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3.9.1 Topography and observational network
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3. Extensive Information

3.9.2 Net balance maps 1989/90 and 1990/91
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3.9.3 Net balance versus altitude (1989/90 and 1990/91)
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3. Extensive Information

3.10 URUMQIHE S. NO. 1 (CHINA)

COORDINATES: 43° 05t N/86° 49' E

Author and date of Photo not reported.

The Glacier No. lin the headwaters of Urumqi River in the Chinese Tian Shan is a small valley-
type glacier with a total surface area of 1.84 km2 and consisting of two branches, both exposed to
the NE. The highest and lowest points of the glacier are at 4,486 and 3,740 m a.s.l. Annual mean
air temperature at the equilibrium line of the glacier (around 4,000 m a.s.l.) is -7 to -8 "C. The pre-
dominantly cold glacier is surrounded by continuous pennafrost but reaches melting temperatures
over wide areas of the bed. Average annual precipitation measured at the nearby meteorological
station is 400 to 500 mm at 3539 m a.s.l. and 600 to 700 mm at the glacier. Mass gain and abla-
tion both take place primarily during the warm season and the formation of superimposed ice on
this continental-type glacier is important. A 1:5,000 topographic map of the glacier and its fore-
field in 1980 can be found in Vol. 5 of the Fluctuations of Glaciers.

Precipitation in both reported balance years was near average but summer conditions differed
markedly. Low summer temperatures, especially in July, caused a slight mass gain of 0.05 m wa-
ter equivalent in 1989/90, whereas high June to August temperatures lead to a significant mass
loss of 0.71 m water equivalent in 1990/91.
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3.10.1 Topography and observational network
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3. Extensive Information

3.10.2 Net balance maps 1989/90 and 1990/91
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3. Extensive Information

3.10.3 Net balance versus altitude (1989/90 and 1990/91)
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4. FINAL REMARKS AND ACKNOWLEDGEMENTS

For 27 glaciers, mass balance values are available for the decade 1980-1990 as well as for both
years 1989/90 and 1990/91. The corresponding results of this sample of glaciers in North Ameri-
ca, Eurasia and Africa can be summarized as follows:

1980-1990 1989/90 1990/91

mean specific net balance: - 353mm - 467mm - 521 mm
standard deviation: ± 496mm ±1099 mm ± 677 mm
minimum value: - 1085 mm - 25.10mm -1730 mm
maximum value: + 683mm +1790mm + 790mm
range: 176() mm 4300mm 2520mm
positive balances: 22 % 30% 26%

Despite the great scatter indicated by the extremes as well as the range of extremes and the stand-
ard deviation of the mean, the statistics point to continued if not accelerated glacier melting in the
northern hemisphere. Taking the two reported years together, the mean mass balance was negative
by roughly half a meter of water equivalent per year, a value which is about one third higher than
the decadal average. The proportion of positive mass balances remained below one third of the
sample.

Further analysis requires detailed consideration of such aspects as glacier sensitivity, feedback
mechanisms and representativity with respect to space and time. The reported balance values and
curves of cumulative mass balances (Chapter 2) not only reflect regional climatic variability but
also marked differences in the sensitivity of the observed glaciers. This sensitivity has a (local)
topographic component - the hypsographic distribution of glacier area with altitude - and a (region-
al) climatic component - the change of mass balance with altitude or the mass balance gradient.
The latter component tends to increase with increasing humidity and leads to stronger reactions of
maritime than of continental glaciers. Rising snowlines and cumulative mass losses lead to chang-
es in average albedo and continued surface lowering. Such effects cause pronounced positive
feedbacks with respect to radiative and sensible heat fluxes. By building up over extended time
periods such as a century, the mass balance/altitude feedback can, indeed, equal the result from
pure atmospheric forcing as combined with albedo effects. The cumulative length change of gla-
ciers is the result of all effects combined and constitutes the key to global intercomparison of
secular mass losses.

65



Mass Balance Bulletin, No.2, 1993

Probably the most significant and spectacular event with regard to glacier shrinkage in the reported
2-year time interval was the finding of a human body which had been buried in ice of the Oetztal
Alps (Austria) some 5,000 years ago. The body was found in a topographic depression at the
'former glacier bed in a slightly cold part of the accumulation area on top of a small mountain gla-
cier where the ice must have had persisted over more than five millennia and thereby remained fro-
~en to the bed. These circumstances explain the perfect conservation of the body which is of great-
'est interest to archeology. At the same time, however, the reappearance of the "Oetztal ice man"
also constitutes the first sign from a glacier accumulation area that the Alpine ice volume may now
bemore reduced than' ever before during the more recent part of the Holocene. At least in the Alps,
where the best documentation exists, glacier shrinkage now seems to be passing at a high and pos-
sibly accelerating rate beyond the range of preindustrial variability.

Completion of the present Glacier Mass Balance Bulletin was made possible through the coopera-
tion of the national correspondents to WGMS and the principal investigators on the various gla-
ciers, as listed in the final chapter, 5. Thanks are also due to the other staff members of WGMS
for their help and assistance, especially to Werner Nabs for drawing the maps and to Susan Braun
for editing the English. Funding was mainly through GEMS / UNEP and FAGS / ICSU. It is
planned to issue the third Glacier Mass Balance Bulletin in winter 1994/95. Suggestions for further
improvement of the content and presentation of this new publication series are welcome.
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Observat.orskaya Str., 72
UZßEKIS'"f AN - 700052 Tashkent-52

F.Kh. Yar-Mukhamedov
Kirghiz Hydrometcorological Committee
Karasuyskaya, 1
KIRGHIZS'"f AN - 720403 Bishkek

A.N. Dikikh and E.K. Bakov
Tien-Shan Physical Geography Research Station
Kirghiz Academy of Sciences
Pionerskaya, 7
KIRGHIZSrr AN - Pokrovka, Issyk Kul Region
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KAZAKHSTAN:

CHINA:
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Ts. Tuyuksuyskiy

Urumqihe S. NO.1

K.G. Makarevich, S.G. Breusov and R.N. Iskhakov
Institute of Geography
Kazakh Academy of Sciences
Pushkin se., 99
KAZAKHSTAN - 480100 Alma Ata

Chaohai Liu
Lanzhou Institute of Glaciology and Geocryology
Chinese Academy of Sciences
CHINA - Lanzhou



5.2 NATIONAL CORRESPONDENTS OF WGMS:

ARGENTINA: L. Espizua
Istituto Argentino de Nivologia
IANIGLAICONICET
Casilla de Correo, 330
ARGENTINA - 5500 Mendoza

AUSTRALIA: I. Allison
University of Melbourne
Antarctic Division
Glaciology Section
Earth Science Building
AUSTRALIA - Parkville Vic. 3052

AUSTRIA: G. Pat.zelt.
Institut.e for High Mountain Research
Uni versit.y of Innsbruck
Universitätsstrasse 4
AUSTRIA - 6020 Innsbruck

BOLIVIA: I~. Jordan
Physical Geography
Universität Vechta
Dr¡ vcrstrassc 22
G.:RMANY - 2848 Vechta

CANADA: C~.S.Ommanney
lIydrological Sciences Division
National Hydrology Research Institut.e
11, Innovat.ion Boulevard
CANAI)A - Saskatoon, Saskatchewan S7N 3H5

CHILE: G. Casassa
Ohio State University
Byrd Polar Research Cent.er
103 Mendenhall Laboratory
125 Oval Mall
USA - Columbia, OH 43210-13

CHINA: Yang I-Iuyan
Lanzhou Institute of Glaciology and Cryopedology
Academia Sinica
CHINA - Lanzhou

FRANCE: L. Reynaud
Laboratory of Glaciology and Environmental Geophysics (CNRS)
B.P.96
FRANCE - 38402 St-Martin-d'Hères Cedex

GERMANY: O. Reinwarth
Commission for Glaciology
Bayerische Akademie der Wissenschaften
Marstallplatz 8
GERMANY - SOO() München 22

Addresses
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GREENLAND: A. Weidick
Geological Survey of Greenland
Øster Voldgade 10
DENMARK - 1350 København K

ICELAND: O. Sigurdsson
National Energy Authority
Hydrological Survey
Orkustofnun
Grensas vegi 9
ICELAND - 108 Reykjavik

INDIA: Krishnamurthy
Geological Survey of India
27, Yawaharlal Nehru Road
INDIA - Calcutta - 700 016

ITAI_.¡Y: G. Zanon
University of Padua
Departrnent of Geography
Via del Santo, 26
I'I'Al, y - 35100 Padua

JAPAN: K. Higuchi
Water Research Institut.e
Nagoya University
Chikusa-Ku
JAPAN - Nagoya 464

KENYA: S. Hastenrath
Department of Meteorology
University of Wisconsin
1225 West Dayton Street
USA - Madison, Wisconsin 53706

MEXICO: H, Delgado-Granados
Instituto de Geofísica
Universidad Nacional Autonoma de Mexico
Circuit.o Cientifico
Ciudad Universitaria
MEXICO - Coyoacan 04510 D.F.

NEW ZEALAND: TJ. Chinn
Ministry of Works and Development
P.O. Box 1479
NEW ZEAI.JAND - Christchurch

NORWAY: B.Wold
Norwegian Wat.er Resources and Energy Administration
Glacier Division
P.O. Box 5091, Maj.
NORWAY - 0301 Oslo 3

PAKISTAN: W. Kick
Macheinerweg 35
'GERMANY - 8400 Regensburg
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PERU: M. Zamora C.
Section of Glaciology and Lake Safety
Electroperu
Jr. Huaylas No. 143
PERU - Huaraz / Ancash

POLAND: M. Klapa
Department of Hydrology and Meteorology of Tatra Mountains
ul. Sienkewicza 26c
POLAND - 34500 Zakopane

RUSSIA: D.G. Tsvetkov
Russian Academy of Sciences
Soviet Geophysical Commiuee
Department of Glaciology
Staromonetny, 29
RUSSIA - 109017 Moscow

SPAIN: E. Martinez de Pison
Department of Physical Geography
Universidad Autonoma
anto Blanco
SPAIN - Madrid 34

SWEDEN: P. Holmlund
Departement of Physical Geography
University of St.ockholm
SWEI)I~N - 106 91 Stockholm

SWITZERLAND: M. Aellen
Laboratory of Hydraulics, I-Iydrology and Glaciology (V AW)
Federal Institute of Technology
ETll-Zentrum
SWITZI~Rl.lANI) - 8092 Zurich

UNITED KINGDOM: D. Collins
Department of Geography
University of Manchest.er
UNI1"~:I) KINGI)()M - Manchester M13 9PL

USA: A. Fountain
US Geological Survey
P.O. Box 25046 I M.S. 412
USA - Denver, Colorado 80225

VENEZUELA: C. Schubert
Departament.o de Ecología
Instituto Venezolano de Investigaciones Cientificas
Ap.21827
VENEZUELA - Caracas t020A
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