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ABSTRACT. The retreat of Wurtenkees, a glacier of about 1 km? in the European East
Alps, is described by measurement of frontal change, interpretation of maps and a com-
puted mass-balance series. Since 1850, Wurtenkees has been one of the most strongly
retreating glaciers in this region. Mass balance has been measured since 1982. Measured
values of the accumulation area ratio and the equilibrium-line altitude as well as a degree-
days model are used for the description of the activity conditions of the glacier. Under
present climatic conditions Wurtenkees would need a lowering of the mean air temper-
ature during the summer season of 1-1.5°C to return to a balanced mass budget. With
predicted global warming, the glacier is likely to disappear early in the 2Ist century.

INTRODUCTION

Wurtenkees is a small glacier south of the main ridge of the
Hohe Tauern in the European East Alps. As this glacier 1s
situated in a mountain region with only small arcas above
3000 m and with a mean equilibrium-line altitude (ELA)
in the same range of elevation it is very sensitive to climate
change and variability (Auer and others, 1995). With an arca
of about 1km? in 1991, Wurtenkees is one of the largest
glaciers of the Goldberggruppe (Fig. 1). In 1982 it was chosen
for intensive glaciological studies, first because its retreat
behaviour since 1850 contrasts with that of adjacent glaciers
(Bthm, 1984), and secondly because its vicinity to the Sonn-
blick observatory (with long-term climatic time series on a
mountain top 3100 m a.s.l) enables investigation of the rela-
tion between the glacier and the climate. Auer and others
(1995) present a detailed report of the glaciological investi-
gations at Wurtenkees.

The strong areal retreat of all glaciers of the Goldberg-
gruppe to about 10-50% of the area in 1850 is described by
Bohm (1994), who also concluded that the glaciers of the
Goldberggruppe are most probably not in equilibrium with
the present climatic conditions despite the strong areal re-
treat. For Wurtenkees this strong retreat has been documen-
ted by means of a reconstructed mass-balance record dating
as far back as the end of the 19th century (Hammer, 1994).
This paper describes the retreat of Wurtenkees since 1850,
by means of frontal change measurements, interpretation
of maps and mass-balance data.

RETREAT OF WURTENKEES SINCE 1850

For a description of the retreat of Wurtenkees since 1850,
annual measurements of frontal change, topographic maps,
and a reconstructed mass-balance series (Hammer, 1994)
are available. These historic data show a weak retreat of
Waurtenkees during the period 1850-1920 (Fig. 2). Positive
mass balances of Wurtenkees in the period around 1915
resulted in a weak advance around 1920. Since this reduced
advance, Wurtenkees has been one of the strongest retreat-
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ing glaciers of the FEuropean East Alps, continuing its
retreat uninterruptedly during the periods of positive mass
balance of the 1960s and the late 1970s/early 1980s when
many glaciers in the region advanced. During the advance
period around 1980, 75% of the glaciers of the East Alps
were advancing (Patzelt and Aellen, 1990).

During the 1970s Wurtenkees divided into two parts.
This division has resulted in a strong retreat of the glacier
front of the castern part of Wurtenkees (Fig. 2). Whereas the
eastern part of Wurtenkees is still active, the western part
will vanish completely in the near future if present climatic
conditions persist. This statement can be derived, for exam-
ple, from observation of the size of the accumulation zone.
Using annual photographs taken at the end of the ablation
season, observation of the size of the accumulation area was
performed for the western part of Wurtenkees, which has
been non-existent in most of the last 10 years.

THE EVOLUTION OF WURTENKEES, 1983-95

The mass balance of eastern Wurtenkees has been measured
by the direct method according to international standards
(@strem and Brugman, 1991) since balance year 1982/83.
These mass-balance investigations include the measure-
ment of winter balance and annual net balance. The mea-
surements show a negative annual balance for all years of
the investigation period except for the balance year 1983/84
(Fig. 3). Eastern Wurtenkees had an average mass loss of
834kgm “a 'inthe period 1983-95. This value is somewhat
more negative than the mean of other glaciers of the East
Alps (Auer and others, 1995).

The mass balance of eastern Wurtenkees is correlated
with the accumulation area ratio (AAR) and the ELA. Un-
fortunately, for five of the investigated years the ELA of east-
ern Wurtenkees was higher than the highest parts of the
glacier. From Figure 4 we can derive an AAR of about (.45
for the equilibrium state of castern Wurtenkees. Under
present climatic conditions, the ratio is, however, 0.17 (mean
of the period 1983-95).

Computed values of the vertical movement of the glacier
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Fig. 1. Topographic map of Wurtenkees in 1991.

surface of eastern Wurtenkees by means of ablation stake
measurements in 1983 show values typical of a strongly
retreating glacier (Auer and others, 1995). At each elevation
the ablation greatly exceeded the vertical movement.
Measurements of the horizontal movement of the glacier

surface show a reduction from about 6ma ! to less than
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Fig. 2. Accumulated change in glacier length since 1850, com-
puted accumulated mass balance since 1891 (data from
Hammer, 1994) and measured accumulated mass balance
since 1983 of Wurtenkees.
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3ma 'in the period 1983-95. These values are typical for a
strongly retreating glacier at the limit of its existence.

As with other glaciers of the European Alps, the annual
mass balance of Wurtenkees is primarily determined by the
summer balance, whereas the winter accumulation is less
significant. This is shown by the relative correlations of the
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Fig. 3. Accumulaled mean winter—summer mass-balance curve

of eastern Wurtenkees for the period 1982/85-1994/95.
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Fig. 4. Specific annual mass balance vs accumulation area
ratio (AAR) of eastern Waurtenkees for the period 1982/85—
1994/95.

specific annual balance (b) to the specific winter balance
(by) and to the specific summer balance (bs) (Fig. 5).
Whereas b is well correlated to b (r = 0.95), the correlation
between by, and b is weak (r = 0.05). With the high correla-
tion between by and b it is feasible to apply the positive-
degree-days method for the reconstruction of the mass
balance of Wurtenkees using meteorological data from the
nearby Sonnblick observatory (Hammer, 1994).
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Fig. 5. Specific winter mass balance and specific summer
mass balance vs specific annual balance of eastern Wurten-
kees for the period 1982/85—1994/95.
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Since 1850, Wurtenkees has retreated about 1400 m in the
western part and about 1900 m in the eastern part. It now
covers 37% of its area in 1850, representing a loss of about
50m of ice thickness (200 m at the former terminus) and
about 200 x 10° kg of mass (Auer and others, 1995).

The eastern part of Wurtenkees itself separated into two
parts in 1990 (Fig. 1). Since these two parts are connected via
various accumulation processes (wind drift, avalanches,
ete) the investigation of the two parts as one entire glacier
is useful. The exchange processes by wind between the two
parts of the glacier during the accumulation period are a
result of the convex-shaped glacier surface not shaded by
the surrounding ridges of the higher part of the glacier.

WILL WURTENKEES VANISH COMPLETELY IN
THE NEAR FUTURE?

Under present climatic conditions the surface of eastern
Wurtenkees is lowered by about 1 m of'ice thickness per year.
Since Wurtenkees is used as a glacier ski resort and its melt-
water is also stored for a power plant, the question arises
whether the glacier will vanish completely in the near
future. One problem of such investigations is the unknown
ice thickness and ice volume of Wurtenkees, as a seismic
depth measurement performed in 1977 had errors too large
for the determination of the bottom topography of the
glacier (Auer and others, 1995).

Figure 4 indicates a mean AAR of about 0.2 under pre-
sent climatic conditions and an equilibrium AAR of about
0.45. The accumulation area has an average area of 0.2 km”
(period 1983-95). The equilibrium state under present cli-
matic conditions will thus be reached for a total glacier area
of about 0.5km” The retreat rate of eastern Wurtenkees
between 1979 and 1992 varied little. Extrapolating this
linear trend, eastern Wurtenkees will be reduced to an area
of 0.5 km® around 2010. Under the assumptions mentioned
above, the glacier will reach an equilibrium state at this
point. However, a linear extrapolation does not accurately
predict the expected outcome since the retreat rate is likely
to slow as equilibrium is approached.

The prediction of the evolution of eastern Wurtenkees
shown above is based on the assumption of present climatic
conditions. If we now assume a global warming of the atmo-
sphere in the near future, the glacier’s retreat will not be
reduced at the beginning of the 2lst century. Under the
assumption of a warming of 1-2°C up to the year 2030, the
ELA would be elevated by 170-340m (Kuhn, 1989; Kuhn
and others, 1993), if a simple prediction equation is applied.
This would raise the ELA above the highest parts of the
glacier, which would vanish more or less completely in the
early decades of the 2lst century.

An increase of the air temperature by 1°C for the entire
ablation period (beginning of May to end of September =
153 d) is equivalent to an increase of the degree-days sum
of 153 units. 133 degree days is equivalent to a change of the
specific mass balance of about 600 kg m * according to the
regression equation of Hammer (1994). A more negative
specific mean mass balance of about 600-1200kgm *
(resulting from a temperature increase of 1-2°Cl) reduces
the accumulation area to more or less zero (Fig. 4). This ap-
proximation confirms the proposition that Wurtenkees will
vanish completely with a warming of 1-2°C. It is also evi-
dent from Figure 4 that eastern Wurtenkees needs a lower-
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ing of about 1-1.5°C of the mean air temperature during the
ablation season to return to a balanced mass budget under
present climatic conditions.
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