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Homogenization of 50 years of mass balance data
at Hintereisferner, Austria
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The annually measured direct mass balance data of Hinter-
eisferner was homogenized and analyzed with respect to
climate and glacier changes. The spatial distribution of
specific mass balance in the first decade of measurements
was changed based on the measured data and according to
the current methods and the concepts of modern mass
balance analysis on Hintereisferner. This and the homo-
genization of theglacier arearesulted in abetter agreement
with the results of the geodetic method.

The homogenized spatial distribution of the specific mass
balance data was further analyzed with the aim to separa-
tetheinfluence of climate change from the effect of glacier
changes. Therefore, the mass balance at three sub areas
was compared to the total mass balance and to summer
temperatures and winter precipitation measured at the
nearby climate station in Vent. The mass balance at high
elevations is determined by winter precipitation, the mass
balance at low elevations by summer temperatures.

Between 1953 and 2003, the surface of the glacier tongue
lowered by 160 m. This resulted in atemperature increase
of about 1 °C at the surface 2003 compared to the surface
1953 with the same temperature measured in Vent. The
potential incoming solar radiation during the summer is
reduced due to increased shading as a result of higher
elevation differences between the glacier surface and the
surrounding mountains. Comparing the effect of these two
factors, the impact of the topographic temperature change
on mass balance is much higher than the impact of
decreased incoming radiation. At higher elevations, the
effect of topographic changesis small compared to changes
in the mean surface albedo.

The comparison of summer temperatures and precipitation
measured in Vent to the specific mass balance showed that
extremesin temperatures and precipitation do not coincide
with extreme values of mass balance. Mean summer
temperatures and mass balance are not directly coupled,
since the occurrence of snow and ice melt and the extent
of atemporal snow cover play important roles. Those are
determined by the chronological sequence and duration of
local weather conditions. The results of the degree-day
method show that the increased glacier melt in the last
decadeiscaused by anincrease of positive degree day sums
and a decrease of summer snow fall events.

All glacier related climate proxies as hydrological and
direct mass balance as well as length measurements show
the same trends, but differ in magnitude and in the
processes and time scales comprised in the proxy. The
comparison of the hydrological balance of the Rofenache
basin to the direct mass balance data showed that Hinter-
eisferner is not representative for all glaciersin the basin.
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on models of simple shear
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Analogue modeling of geological structures, such as the
behavior of inclusions in a matrix or folding instabilities
commonly employs a linear simple shear or general shear
rig. In theory, a homogeneous plane strain flow is
prescribed at the boundaries of such deformation rigs, but,
in practice, the resulting internal deformation of the
analogue material (commonly paraffin wax or silicone
putties) often strongly deviates from the intended
homogeneous strain field. This can easily lead to
misinterpretation of such analogue experiments. We
present a numerical finite element approach to quantify
theinfluence of imperfect simple shear boundary conditions
on the internal deformation of a homogeneous viscous
analogue material. The results (Fig. 1) demonstrate that
imperfect circumferential boundary conditionsin the simp-
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Fig. 1: Numerically deformed homogeneous square in simple shear with an applied shear strain of 0.5. For perfect
simple shear (not shown here), four boundary conditions need to be applied, which are listed in the table in the upper
right corner of the figure. In @), only three and in b) to d), only two boundary conditions are applied (indicated in each
upper left corner in the same way as in the table and noted at each boundary). Thick black lines are passive marker
lines. The color represents the second invariant of finite strain, plotted as the error in percent relative to perfect simple
shear. Thin black lines are the £10 % contour lines. Numbersin the lower right corner of each subfigure represents the
area of the model with an absolute error smaller than 10 %. Arrows represent the scal ed finite perturbation displacement,
i.e. the difference between the actual displacement and perfect simple shear.

le shear plane (x-y-plane) lead to the heterogeneous strain
observed in some analogue experiments, depending on
their design. However, in other experiments, the analogue
material lies on top of a weak lubricating material (e.g.,
Vaseline) or is sandwiched between two such materials.
These layers lead to a viscous drag force acting on the
surface of the analogue material that represents imperfect
simple shear boundary conditions in the third dimension

Fig. 2: Numerically deformed homogeneous
square in simple shear with increasing
applied shear strain and perfect simple
shear boundary conditions in the x-y-pla-
ne, but viscous drag boundary conditions
in the z-direction. In the inset figures, the
color represents the second invariant of fi-
nite strain (lower inset figures) and the fi-
nite spin (upper inset figures), respectively,
both plotted as the error in percent relative
to perfect simple shear. Thin black linesare
the £10 % contour lines. Thick black lines
are passive marker lines. Arrows represent
the scaled finite perturbation displacement,
i.e. the difference between the actual
displacement and perfect simple shear. The
bold blue and red line represent the second
invariant of finite strain and the finite spin
at the very center of the model, respectively
with big dots indicating the external shear
strain for which theinset figuresare plotted.

(z-direction). For this experimental configuration, the
numerical results (Fig. 2) show that the lubricating layers
are responsible for the heterogeneous strain observed in
analogue models. The resulting errors in internal strain
can be as high as 100 % and these important boundary
effects, which are difficult to avoid, must be considered
when interpreting analogue simple shear experiments.
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