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EMPIRICAL GLACIER MASS-BALANCE MODEL APPLICATION EXAMPLE

Forcing with CMIP5 - MPI-ESM-MR Simulations

The fifth phase of the Coupled Model Intercomparison Project (CMIP5) provides a framework for a series
of climate change experiments (Taylor and others, 2011) based on different atmospheric forcing scenarios or
representative concentration pathways (RCPs) (van Vuuren and others, 2011). Experiments conducted with
the mixed resolution version of the Max-Planck-Institute’s Earth System Model (MPI-ESM-MR) model
(Giorgetta and others, 2013) provide the basis for an application example for the constructed empirical
glacier mass-balance models (EGMs). More specifically, the EGMs of this study are applied to predictors
that are reconstructed from MPI-ESM-MR simulations forced with three RCPs (RCP2.6, RCP4.5 and
RCP8.5). Monthly averaged data is bilinerarly interpolated onto the same 0.75° x 0.75° grid as the ERA-
Interrim dataset and used for the reconstructions of predictors. The EGM predictions are calibrated for the

temporal overlap between simulation and ERA-Interim data, thus correcting for the bias between them.

Predictions of Mass-Balance Changes

EGM-based estimates forced with ERA-Interim data mostly follow the trend of measured cumulative
annual mass-balance (B,) changes in the observed time period (Fig. la in supplemental material). The
predictions forced with ERA-Interim follow the trend of the observed mass-balance time series well for most
glaciers. The calibrated EGM-based estimates forced with the RCPs (Fig. 1b-d, supplemental material)
show significant variation, but the predominantly negative observed trend is predicted to continue into

the 215 century for most glaciers. While this is the case for all RCPs, the most severe mass losses are
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predicted for the RCP8.5 forcing. In the period from 2006 to 2100, the average cumulative mass-balance
decrease is ~65m w.e. for RCP2.6, ~75m w.e. for RCP4.5 and ~90m w.e. for RCP8.5. Glaciers Los
Amarillos (LAM), Amarillo (AMA) and Martial Este (MAR) generally show little change in mass over this
time period. The cumulative mass-balance changes of glaciers MAR, Guanaco (GUA), Piloto Este (PIL)
and Brown Superior (BRO) are similar for the different emission scenarios. The glaciers Zongo (ZON),
Charquini Sur (CHS), Echaurren Norte (ECH) show increasing mass-balance loss with higher greenhouse
gas concentrations (RCP4.5 and RCP8.5). Glacier AMA has a less negative or even positive mass-balance

trend for higher greenhouse gas concentrations.

Discussion of the Application Example

The estimates for future mass-balance changes are based on our EGMs and predictors reconstructed from
CMIP5 MPI-ESM-MR simulations forced with different RCPs. By the end of the century, all three senarios
considered in this application example (RCP2.6, RCP4.5 and RCP8.5) result in the severe diminishment or
disappearance of several glaciers, such as ECH. Since the predicted mass loss exceeds the current dimensions
for several glaciers, they would disappear before the end of the century. The slightly positive trend of AMA
for RCP8.5 may be attributed to an intensification of the Antarctic Oscillation (AAO), which has previously
been noted for RCP8.5 simulations (Zheng and others, 2013), since zonal wind at 850 hPa (u) and Antarctic
Oscillation Index (aaoi) are chosen as the primary predictors for mass-balance changes of AMA and both
are a measure of AAQ activity in the region. While the predominantly negative mass-balance trend in the
215¢ century is in agreement with the results of previous modelling efforts for glaciers in South America
(Réveillet and others, 2015; Buttstddt and others, 2009; Schaefer and others, 2013; Marzeion and others,
2012), these predictions should merely be regarded as an application demonstration. Since our EGMs are
unable to produce a dynamic response to climate change (see Limitations and Suggestions in the main

manuscript), they are still unsuitable for such long-term predictions.

Caveats

In addition to the general limitations of the EGMs highlighted in the main manuscript, a source of uncer-
tainty for the 215 century predictions is the general accuracy of general circulation model (GCM) simula-
tions and the representation of chosen predictors in the GCMs. The representation of El Nino-Southern

Oscillation (ENSO) in GCMs remains partially poor (e.g. Bellenger and others, 2014) and therefore com-
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Fig. 1. Cumulative annual mass-balances of all glaciers until 2100. Dashed lines are the fitted values from ERA-
Interim. Solid lines are a) measured mass-balance data and b-d) predicted values from the calibrated models forced
with b) RCP2.6, c) RCP4.5 and d) RCP8.5 climate simulations. Predictions (for end-of-century positive mass balance
in particular) are very likely biased as glacier dynamics and topographical feedback are not implemented in our EGMs.
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promises predictions for the outer tropics in particular. Furthermore, our predictions (for end-of-century
positive mass balance in particular) are very likely biased as glacier dynamics and topographical feedback
are not implemented in our EGMs. The reader is advised to carefully consider these limitation and in-
dividual model performance scores before using the EGMs, and to treat our 215 century predictions as
an example application rather than reliable predictions of the glaciological response to climate change in

South America.
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