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3.10.1 Topography and observational network
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3. Extensive Information

3.10.2 Net balance maps 1991/92 and 1992/93
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3. Extensive Information

3.10.3 Net balance versus altitude (1991/92 and 1992/93)
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3.10.4 Accumulation area ratio (AAR) and equilibrium line altitude
(ELA) versus specific net balance for the whole observation
period
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4. FINAL REMARKS AND ACKNOWLEDGEMENTS

Continuous mass balance records for the period 1980-1993 are now available for 35 glaciers. The
corresponding results of this sample from glaciers in North America, Eurasia and Africa can be

summarized as follows:

1980-1990 1991/92 1992/93

mean specific (annual) net balance: - 296mm - 305mm - 99mm

standard deviation: ± 485mm ±1156mm ±1045mm

minimum value: - 1085 mm -2798 mm -2342mm

maximum value: + 683mm +2340mm +2180mm

range: 1768 mm 4440mm 4522mm

positive balances: 23 % 20% 37 %

Taking the two reported years together, the mean mass balance was negative by roughly two-
tenths of a meter of water equivalent per year, a value which is about two-thirds of the decadal
average 1980-1990. The proportion of positive mass balances was one-fourth of the sample. Gla-
ciermelt in the northern hemisphere, thus, continued during the two years reported but at a slightly
reduced rate. It should be kept in mind, however, that the annual signal of the mean mass balance
is smaller by far than the noise of regional variability, and that the signal-to-noise ratio must be im-
proved by cumulating mass balance values over extended time periods. The mean specific net ba-
lance (-321 mm) for the three years 1990/91-1992/93 is close to the decadal mean of 1980-1990.

The evolution with time can be described by means of the following graphs:
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The mean of all 35 glaciers is strongly influenced by the great number of Alpine and Scandinavian
glaciers. A mean value is, therefore, also calculated using only one single (in some places aver-
aged) value for each of the 11 mounarin ranges involved. Further analysis requires detailed consi-
deration of such aspects as glacier sensitivity and feedback mechanisms. The balance values and
curves of cumulative mass balances reported for the individual glaciers (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 (regional) 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 by maritime than by continental glaciers. For the same reason, the mean ba-
lance values calculated above are predominantly influenced by maritime-type glaciers such as the
glaciers on the coast mountains of Norway or USN Alaska, where effects of atmospheric warming
may be compensated by effects from increased precipitation.

Rising snowlines and cumulative mass losses lead to changes 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 ba-
lance/altitude feedback can, indeed, equal the result from pure atmospheric forcing as combined
with albedo effects. The cumulative length change of glaciers is the result of all effects combined
and constitutes the key to global intercomparison of secular mass losses. Attempts are presently
being made to collect and analyze data on maximum ice depth and ablation at the snouts of glaciers
with long mass balance records in order to estimate dynamic response times and to derive long-
tenn mass balances from cumulative length changes. It is hoped that the corresponding backward
extension of mass balance records will be useful for investigating the question about secular rates
of change and possible acceleration trends.

Completion of the present Glacier Mass Balance Bulletin was made possible through the coopera-
tion of the national correspondents toWGMS 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 assistance, especially to Werner Nobs for drawing the maps and to Susan Braun for
editing the English. Funding was mainly through IHPIUNESCO, GEMS / UNEP and FAGS /
JCSU. It is planned to issue the fourth Glacier Mass Balance Bulletin in winter 1996/97. Sugge-
stions for further improvement of the content and presentation of this new publication series are
welcome.
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5. PRINCIPAL INVESTIGATORS AND NATIONAL
CORRESPONDENTS

5.1 PRINCIPAL INVESTIGATORS

CANADA: Place
Helm

M. Brugman and M. Demuth
Hydrological Sciences Division
National Hydrology Research Institute
11, Innovation Boulevard
CANADA - Saskatoon, Saskatchewan S7N 3U5

USA: South Cascade R.M. Krimmel
US Geological Survey
University of Puget Sound
USA - Tacoma, WA 98416

Wolverine Lo Mayo
US Geological Survey
Water Resources Division
800 Yukon Drive
USA - Fairbanks, Alaska 99775-5170

Gu1kana R. March
US Geological Survey
Water Resources Division
800 Yukon Drive
USA - Fairbanks, Alaska 99775-5170

ICELAND: Hofsjökull North O. Sigurdsson
Hofsjökull East National Energy Authority
Hofsjökull Southwest Hydrological Survey

Orkustofnun
Grensasvegi 9
-ICELAND - 108 Reykjavik

NORWAY: Austre Brøggerbreen
Midtre Lovénbreen
Kongsvegen

J .0. Hagen and B. Lefauconnier
Norwegian Polar Institute
Box 5072 - Majorstua
NORWAY - 0301 Oslo

Hansbreen J. Jania
University of Silesia
Faculty of Earth Sciences
Department of Geomorphology
ul. Bedzinska 60
POLAND - 41-200 Sosnowiec
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Álfotbreen
Nigardsbreen
Storbreen
Gråsubreen
Engabreen
Langfjordjøkulen
Storsteinsfjellbreen
Trollbergdalsbreen
Svartisheibreen
Okstindbreen
Austdalsbreen
Hellstugubreen
Hardangerjøkulen

SWEDEN: Storglaciären
Rabots glaciär
Riukojietna
Mårrnaglaciären

FRANCE: Sarennes

Saint Sorlin

SWITZERLAND: Gries
Silvretta

ITALY: Caresèr

Fontana Bianca
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J.O. Hagen
Norwegian Water Resources and Energy Administtation
Glacier Division
P.O. Box 5091, Maj.
NORWAY - 0301 Oslo 3

P. Holmlund and W. Karlén
Department of Physical Geography
University of Stockholm
SWEDEN - 106 91 Stockholm

F. Valla
Cemagref-nivology
B.P.76
FRANCE - 38402 St-Martin-d'Héres, Cedex

L. Reynaud, M..Vallon and C. Vincent
Laboratory of Glaciology and Environmental Geophysics (CNRS)
B.P.96
FRANCE - 38402 St-Martin-d'Héres, Cedex

M. Aellen and M. Funk
Laboratory of Hydraulics, Hydrology and Glaciology (VAW)
Federal Institute of Technology
ETH-Zentrum
SWITZERLAND - 8092 Zurich

G. Zanon
Department of Geography
University of Padua
Via del Santo, 26
IT ALY - 35123 Padua

G.Kaser
Institute of Geography
University of Innsbruck
Innrain 52
AUSTRIA - 6020 Innsbruck



AUSTRIA:

SPAIN:

KENYA:

RUSSIA:

Jamtalfemer
OchsentaIergletscher
Vennuntgletscher
Hintereisferner
Kesselwandferner
Sonnblickkees

Vernagtfemer

Wurtenkees

Maladeta

Lewis

Garabashi

Djankuat

Maliy Aktru
Leviy Aktru
No. 125 (Vodo-

padniy)

Addresses

G. MarkI and M. Kuhn
Institute of Meteorology and Geophysics
University of Innsbruck
Innrain 52
AUSTRIA - 6020 Innsbruck
H. Slupetzky
Geographical Institute
University of Salzburg
Hellbrunnerstrasse 34 / III
AUSTRIA - 5020 Salzburg

LN. Braun
Commission for Glaciology
Bavarian Academy of Sciences
Marstallplatz 8
GERMANY - 80539 München

R. Böhm
Central Institute for Meteorology
Hohe Warte 38
AUSTRIA - 1190 Wien

AMINSA
e/Guardia Civil, 23, Esc-2, PT-3
SPAIN - Valencia (46020)

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

A.B. Bazhev, O.V. Rototayeva and LF. Khmelevskoy
Russian Academy of Sciences
Institute of Geography
Staromonetniy,29
RUSSIA - 109017 Moscow

v.V. Popovnin
Moscow State University
Geographical Faculty
Leninskiye Gory
RUSSIA - 119899 Moscow

Yu. K. Narozhniy
Tomsk State University
Lenin Stret 36
RUSSIA - 634010 Tomsk
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KAZAKHSTAN:

KIRGHIZSTAN:

CHINA:
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Kozelskiy

Ts. Tuyuksuyskiy

Abramov

Kara-Batkak

Golubin

Urumqihe S. No. 1

Ya. D. Muravyov
Russian Academy of Sciences
Far East Research Center
Institute of Volcanology
Piyp Boulevard, 9
RUSSIA - 683006 Petropavlovsk Kamchatskiy

K.G. Makarevich, S.G. Breusov and RN. Iskhakov (1991/92)
P.A. Cherkasov and RN. Iskhakov (1992/93)
National Kazakh Academy of Sciences
Institute of Geography
Pushkin Str., 99
KAZAKHSTAN - 480100 Alma Ata

G.M. Kamnyanskiy
Central Asian Regional Research Hydrometeorological Institute
SANIGMI
Observatorskaya Str., 72
UZBEKISTAN - 700052 Tashkent

A.N. Dikikh
National Kirghiz Academy of Sciences
Institute of Geology
Erkin-Dik Boulevard, 30
KIRGHIZSTAN - 720481 Bishkek

F.Kb. Yar-Mukhamedov
Kirghiz Hydrometeorological Committee
Karasuyskaya, l
KIRGHIZSTAN - 720403 Bishkek

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
IANIGLNCONICET
Casilla de Correo, 330
ARGENTINA • 5500 Mendoza

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

AUSTRIA: Central Hydrographic Office
Marxergasse 2
AUSTRIA - 1010 Wien

BOLIVIA: B. Francou
Centre de Géomorpholgie du CRNS
Mission O.R.S.T.O.M.
C.P.9214
BOLIVIA - La Paz

CANADA: N.N.
CHILE: GoCasassa

Centro Austral Antaretico
Universidad de Magellanes
Casilla 113 - D
CHILE - Punta Arenas

CHINA: XieZichu
Lanzhou Institute of Glaciology and Cryopedology
Academia Sinica
CHINA - Lanzhou

COLOMBIA: L. Guamizo
Ingeominas
Observatorio Vulcanologico
Deformation and Glaciology Group
Av. 12 de Octubre No. 15-47
Colombia - Manizales

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

GERMANY: L.Braun
Commission for Glaciology
Bavarian Academy of Sciences
Marstallplatz 8
GERMANY - 80539 München

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
Grensasvegi 9
ICELAND - 108 Reykjavik

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

ITALY: G.Zanon
~prurnmentofGeogrnphy
University of Padua
Via del Santo, 26
IT ALY - 35123 Padua

JAPAN: Y.Ageta
Institute for Hydrospheric-Atmospheric Sciences
Nagoya University
Chikusa-Ku
JAPAN - Nagoya 464

KENYA: S. Hastenrath
Deprurnmentof~eteorology
University of Wisconsin
1225 West Dayton Street
USA - Madison, Wisconsin 53706

MEXICO: H. Delgado-Granados
Instituto de Geofisica
Universidad Nacional Autonoma de Mexico
Circuito Cientifico
Ciudad Universitaria
MEXICO -_ Coyoacan 04510 D.F.

MONGOLIA: P. Baast
Ministry of Nature and Environment
Institute of Water Problems
Baroun-Selbe 13
MONGOLIA - Ulan Bataar 2106.38

NEW ZEALAND: TJ. Chinn
IGNS (Dunedin) Ltd
Crown Research
Private Bag 1930
NEW ZEALAND - Dunedin

NORWAY: J.O. Hagen
Norwegian Water Resources and Energy Administration
Glacier Division
P.O. Box 5091, Maj.
NORW AY - 0301 Oslo 3
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Addresses

PAKISTAN: W.Kick
Macheinerweg 35
GERMANY - 8400 Regensburg

PERU: M. ZamoraC.
Section of Glaciology and Lake Safety
Electroperu
Jr. Huaylas No. 143
PER U - Huaraz I Ancash

POLAND: J. Jania
University of Silesia
Faculty of Earth Sciences
Department of Geomorphology
ul. Bedzinska 60
POLAND - 41-200 Sosnowiec

RUSSIA: D.G. Tsvetkov
Russian Academy of Sciences
Institute of Geography
Department of Glaciology
Staromonetny, 29
RUSSIA - 109017 Moscow

SPAIN: E. Martinez de Pisón
Department of Physical Geography
Universidad Aut6nonoma
Canto Blanco
'SPAIN - Madrid (28049)

SWEDEN: P. Holmlund
Department of Physical Geography
University of Stockholm
SWEDEN OB 106 91 Stockholm

SWITZERLAND: M. Aellen
Laboratory of Hydraulics, Hydrology and Glaciology (VAW)
Federal Institute of Technology
ETH-Zentrum
SWITZERLAND - 8092 Zurich

UNITED KINGDOM: D. Collins
Department of Geography
University of Manchester
UNITED KINGDOM - Manchester Ml3 9PL

USA: A. Fountain
U.S. Geological Survey
5400MacArthur Blvd
USA - Vancouver, WA 98661

VENEZUELA: C. Schubert t
Departamento de Ecologia
Instituto Venezolano de Investigaciones Cientificas
Ap.21827
VENEZUELA - Caracas I020A
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