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Abstract

In their comment, Leclercq et al. argue that Huss et al. (2010) overestimate the effect
of the Atlantic Multidecadal Oscillation (AMO) on the 100-year mass balance variations
in the Swiss Alps because time series of conventional balances instead of reference-
surface balances were used. Applying the same model as in Huss et al. we calculate
time series of reference-surface mass balance, and show that the difference between
conventional and reference-surface mass balance is significantly smaller than stated
in the comment. Both series exhibit very similar multidecadal variations. The opposing
effects of retreat and surface lowering on mass balance partly cancel each other.

1 Introduction

Leclercq et al. (2010) question the suitability of conventional mass balance series for
climatic interpretation. These balances are computed over the concurrent extent and
topography of the glacier, and hence represent the actual mass change. Conven-
tional balances are not directly correlated to variations in climate because they in-
corporate both climate forcing and changes in glacier hypsometry. For investigating
glacier-climate linkages Elsberg et al. (2001) introduced the reference-surface balance
defined as the mass balance a glacier would have if its surface geometry is fixed in
time.

Based on glacier length change data and a simplified model, Leclercq et al. (2010)
compute the present day mean mass balance given that the glaciers had the same size
as around 1900. They find the balance of the last decade to be 0.36 mw.e. a~" more
negative than reported in Huss et al. (2010) and conclude that the relative strength
of the Atlantic Multidecadal Oscillation (AMO) signal in the multidecadal variations in
Swiss glacier mass loss is overestimated by 50%.

We agree with Leclercq et al. (2010) that reference-surface balances are the more
relevant quantity for interpreting glacier-climate relations than conventional balances.
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The authors correctly point out that, as the glacier retreats, loss of area at predomi-
nantly lower elevations will make the area-averaged mass balance less negative. Thus,
the glacier may approach an equilibrium with time even if climate conditions are not
becoming more favourable (see Leclercq’s Fig. 1). However, their schematic analysis
neglects the effect of glacier thinning with mass loss. With decreasing surface eleva-
tion, the glacier is exposed to higher air temperatures, resulting in more negative mass
balances. The net effect will depend on a number of factors related to climate and
glacier geometry (see Supplement Fig. S1).

Here, we redo the analysis by Huss et al. (2010) using reference-surface balances,
and find that Leclercq et al. (2010) significantly overestimate the differences between
the conventional and the reference-surface mass balance. Based on detailed modelling
of the same 30 Swiss glaciers presented in Huss et al. (2010) we show that the con-
ventional mass balance series differ relatively little from reference-surface balances.

2 Reference-surface balances

For all 30 glaciers we evaluate reference-surface mass balance series for two glacier
geometries: the first available Digital Elevation Model (DEM) around 1930 and the
last DEM. The mass balance model was calibrated on ice volume changes and in-situ
measurements using annually updated glacier extent and surface elevation (Huss et al.,
2010). Here, the model was rerun with the same climatic forcing over the 100-year
period but without changing the glacier geometry. This allows a consistent comparison
of conventional and reference-surface mass balance series.

The differences between 30-glacier averages of the conventional and the reference-
surface annual mass balance derived from the glacier hypsometry of the first DEM
gradually increase from zero to 0.14 mw.e. a”’ (last decade’s mean) over the 100-year
period (Fig. 1). This corresponds to the fraction of mass balance due to the geo-
metric adjustment of the glacier rather than climate change, and is less than 40% of
the value found by Leclercq et al. (2010). We explain the relatively small differences,
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despite substantial overall mass loss, with the compensating effects of surface low-
ering and glacier terminus retreat (Figs. S1 and S2, online text). The estimate by
Leclercq et al. (2010) only accounts for the latter. We find that roughly half of the ter-
minus retreat effect is compensated by glacier thinning (Supplement Table S1). The
amplitudes of sinusoidal fits to the multidecadal variations in the reference-surface and
the conventional mass balance series are almost identical (Fig. S3). Hence, the con-
tribution of the AMO to mass loss of the Swiss glaciers based on reference-surface
balance is only slightly less (41%) than the 50% reported in Huss et al. (2010) based
on conventional balances. We agree with Leclercq et al. (2010) that the main driver
for the glacier retreat since the end of the Little Ice Age is the general warming trend.
However, natural multidecadal variations superimposed on this trend lead to periodic
phases of more positive or negative mass balances than the overall trend would sug-
gest.

3 Conclusions

Although reference-surface mass balances are in principal better suited for climatic in-
terpretations (Harrison et al., 2009), practical issues often hamper the applicability of
this concept. Errors are involved when extrapolating measured point balances to the
hypsometry and extent of the reference surface. When modelling reference-surface
balances, results can not be validated against field observations as these refer to an-
other glacier geometry. Thus, the calculation of the reference-surface balance is prone
to uncertainties that puts limits on the significance of any derived climatic interpreta-
tions.

Our evaluation shows that multidecadal variations in conventional mass balance cal-
culated over the evolving concurrent glacier geometry, and reference-surface balance
are similar. Thus, the relative strength of the AMO signal identified in Huss et al. (2010)
is only slightly lower when reference-surface instead of conventional balances are
used. For the case of last century’s glacier mass loss in the Swiss Alps, the opposing
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effects of glacier retreat and surface lowering combine to yield little difference between
conventional and reference-surface balances. However, we caution against generaliz-
ing these results for different glaciers and time periods (see online text).

Supplementary material related to this article is available online at:

http://www.the-cryosphere-discuss.net/4/2587/2010/tcd-4-2587-2010-supplement.

pdf.
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Fig. 1. Comparison of conventional and reference-surface mass balance series over the 20th _
century. 30-glacier arithmetic averages of annual mass balance are low-pass filtered with an @
11-year running mean. The dashed line refers to the difference between the conventional and
the reference-surface (first DEM) mass balance corresponding to the fraction of mass balance g- _
caused by geometric adjustment of the glacier rather than climate change. _30 _
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