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Author’s response to the comments received for tc-2021-31
The following pages contain a point-by-point reply to the comments provided by the two
referees that reviewed our first submission (TC-2021-31)
Each of the referee’s comment (RC) is numbered. If a comment contained several points,
we numbered them, and address them individually in our author replies (AR).
1.

REFEREE’S COMMENT

General remark:
[RC 1.01] Overall, the paper is well presented, English is clear and the work done is
robust, with a high scientific rigour and with a clear and concise message. Data and model
are clearly presented and the methodology seems to be the good one to reach the study
goal. I thus think the article deserve publication, especially for its importance and impact
on policy maker debates about their procrastination to act for maintaining global warming
under certain temperatures (The Paris Agreement in 2015).
[AR 1.01] We thank the reviewer for the very positive feedback.

[RC 1.02] One downside is the moderate originality of the study. Indeed, glacier volume
decrease for different global warming targets has already been studied at global scales
(e.g. Marzeion et al., 2018, or SROCC report, 2019), thus including the European Alps,
and this study does not improve too much the expected regional results but confirmed
them (see also Zekollari et al., 2019). However, that’s the first time that CMIP6
experiment outputs are used to drive the glacier model.
[AR 1.02] We partially agree with this comment, and appreciate that the use of the new
CMIP6 results was noted. Our goal was to clearly focus on the difference that 0.5°C in
global temperatures can make at the regional scale. We believe this message to be very
important, e.g. for the upcoming 26th United Nations Conference of Parties and for policy
makers. Without wanting to drift towards activism, we would like to provide additional

evidence for the urgency of taking action against any further warming. We slightly
amended ll.26-29 to acknowledge that previous works on the topic exist, though:
‘Whilst future projections for the glacier evolution of the European Alps already exist under
different representative concentrations pathways (RCPs) (e.g. Zekollari et al., 2019,
Marzeion et al., 2020), targeted information on policy-relevant climate targets (like the
difference between 1.5 and 2.0°C IPCC, 2018) is difficult to identify.’

[RC 1.03] Finally, we could also imagine other interesting studies within the framework
and method used here (even if that’s out the scope of Paris Agreement): how the
European glaciers will evolve for higher global warming targets? does the half degree
between 1°C and 1.5°C count as the same manner as the half degree between 3°C and
3.5°C ? how many years do we have until actual committed glacier mass loss become
similar to the different global climate warming targets? what are the spatial patterns of
future climatology over the European Alps glaciers and at finer scales, and how those
patterns will affect glacier evolution?
[AR 1.03] We absolutely agree with the reviewer that a number of additional analyses
could be conducted with the same framework. We had discussed these possibilities within
our team of co-authors but finally agreed that the limited space offered by a brief
communication would make it very difficult to address all these questions. We also argue
that a relatively simple message would be beneficial for the policy-related impact that we
envision this paper to have. We hope that our reasoning is understandable, and that it will
find the reviewer’s support.

Specific comments:

[RC 1.04] line 8 to 31: I think references to SROCC, 2019, and GlacierMIP2 papers are
missing. In addition, one or two sentences could be useful to explain why you are using
this model instead of OGGM (Maussion et al., 2019) or PyGEM (Rounce et al., 2020) for
example.
[AR 1.04] We agree that SROCC (2019) and Marzeion et al. (2020) (i.e. GlacierMIP2) are
important references in this context and have included them. As for what the model choice
is concerned, note that GloGEMflow is our in-house glacier model and thus clearly our
primary choice. Although OGGM or PyGEM would certainly be valid alternatives, intercomparison projects such as the now-cited GlacierMIP2 do not provide any evidence that
other models might be better suited than ours. We now briefly mention this reasoning
with the following sentence (ll.28-32):
'Here we analyse glacier evolution under low global warming scenarios by re-running our
in-house mass-balance ice-flow model GloGEMflow (Huss and Hock, 2015; Zekollari et al.,
2019), that showed robust performance in recent model intercomparison projects (e.g.
Marzeion et al., 2020), with updated climate projections from the 6th phase of the Coupled
Model Intercomparison Project (CMIP6). '

[RC 1.05] line 48 to 51: for water runoff calculation, you do not take into account rain
which is outside glacier outlines but at higher elevation than the glacier front (for example
other part of the mountain
catchment area which are not cover by ice), neither snow melt outside the glacier (but
likewise at higher elevation than the glacier terminus). How this will affect the runoff
estimates you are calculating ?

[AR 1.05] We are not entirely sure to understand the reviewer’s comment. The contents
of the comment are correct (i.e. it is true that the mentioned contributions are not
accounted for) but this is exactly how we define our focus at l. 53-54: 'runoff is computed
for the area comprised within the RGI 6.0 outlines, implying that, after glacier retreat,
runoff contributions from rain and snow melt are still accounted for.' Throughout the
simulations, runoff refers to the initial glacier surface, in line with e.g. the work by Huss
and Hock (2018). That said, please note that the runoff contribution from rain or snow
melt coming from areas that become ice-free during the simulated time period is indeed
accounted for. This is to avoid the runoff contribution to carry the signal of a shrinking
glacier area.

[RC 1.06] line 52 to 58: there is a certainly a lack in the representation of spatial
variations of temperature and precipitation over the mountainous Alpine region with the
GCMs used. How this will affect the results ? Why not having used RCMs do downscale the
data ? Or used other regional climate forcing such as EUROCORDEX ensemble ?
[AR 1.06] We used GCMs and not RCMs to force our model because no RCM model runs
exist for CMIP6 at the moment. Whilst it would be beyond the scope of a brief
communication to perform an EURO-CORDEX-type of RCM-downscaling for all available
CMIP6 GCM runs, we note that the GCM results are downscaled to the E-OBS dataset
(described at ll.62-63), and that we don’t expect this choice to have a large impact on our
results. Indeed, the recent analysis by Compagno et al. (2021) showed that – provided
suitable model calibration data – the impact of using either GCMs or RCMs as model
forcing is very limited. We now acknowledge this point with the following sentence:
ll. 58-60: ‘Here we use GCMs, Since CMIP6 GCM-results have not yet been downscaled by
regional climate models, and since the spatial resolution of the climate data was recently
shown to only marginally affect model results if suitable model calibration at the glacierspecific scale is ensured (Compagno and others, 2021).’

[RC 1.07] line 63: how can you explain the relatively high RMSE and low square
correlation coefficient whereas the bias is low when comparing glacier-wide mass-balance
between GloGEMflow simulations and the 72 WGMS observations ?
[AR 1.07] The values indicate that individual results are affected by some degree of
scatter but that there is no general tendency to either over-estimate or under-estimate
the results as the general mass change signal is given by observed geodetic mass
balances. We clarified this with the following sentence:
ll. 70-71: ‘Albeit correlation coefficients are rather low, the small biases provide
confidence in the regional results, which neither indicate over- nor underestimation.’

[RC 1.08] l line 58 to 67: evolution of glacier volume change can also be compared with
Zekollari et al., 2019, and Marzeion et al., 2020 (Partitioning the uncertainty of ensemble
projections of global mass change), even if both studies do not target specifically 1.0°C,
1.5°C and 2.0°C global climate changes, and that the second study is global. Comparison
with the study of Zemp et al., 2019: they found 2 092 km2 of glacier area in the region 11
(European Alps), multiply by 0.97 . 10-3 km.we.yr-1 (0.87 . 10-3 / 0.9 ice density = 0.97
. 10-3), it gives2.029 km3.we.yr-1 of mass loss per year. Thus, over 20 years, it results
to 40.585 km3 glacier mass loss and finally only over Switzerland (60% of the Alps ice
volume), it gives 24.35 km3 glacier mass lost during the last 20 years which is also very
close to what you found ! Are my first order calculation right ?
[AR 1.08] The reviewer’s calculations are correct and are well received. The agreement
with the results by Zemp et al. (2019) is not surprising, though, since we used the base
data (geodetic mass balance) of that assessment for calibrating our model. We therefore
prefer not to add this information in the manuscript as the conclusion might be circular. A
comparison with the results from Zekollari et al. (2019), which is in line with other
simulations from Marzeion et al. (2020) as indicated in AR1.04, is now performed (see
AR1.09 for more details).

[RC 1.09] line 88 to 91: you do not discuss that large part of glacier mass in the Alps is
already committed to melt because actual temperatures are already largely higher than
pre-industrial values ?
[AR 1.09] We added this information:
ll. 99-102: ‘Note that, especially for the +1.0◦C temperature target, the projected volume
and area losses are only slightly higher than the committed loss by 2100 (obtained by
applying the 1988-2017 climatic conditions), which projects a loss of 37 ± 6 % and 35 ± 7
% , respectively (for detailed analysis on committed mass loss on multi-century time
scales, refer to Zekollari et al. 2019).’

[RC 1.10] line 92 to 93: authors explain the different remaining glaciers in 2100 for
different global climate warmings. I wonder how many glacier are committed to disappear
in the European Alps under actual climate conditions (that is close to 1.0°C above preindustrial values) ?
[AR 1.10] we addressed this in AR 1.09.

[RC 1.11] line 97: do not forget that global average warming of 1.0°C does not result
regionally of 1.0°C exactly of warming and thus glaciers can experienced large differences.
[AR 1.11] we added this information:
ll.107-109: ‘Our results confirm that global average warming can be significantly amplified

at the regional scale, and that glaciers in the European Alps sensitively respond to even
small levels of global atmospheric warming’

[RC 1.12] line 101 to 113: is it feasible and physically consistent/interesting to go to
daily resolution for runoff calculation ?
[AR 1.12] Not with our model, unfortunately. For reasons of computational efficiency, our
model works with monthly data. For daily runoff calculation, more specific models would
be required.

[RC 1.13] line 122: I think authors could be more incisive about the irreversible glacier
trend. Physically, glaciers growths and retreats are totally consistent and reversible, thus
that’s not surprising that if global temperature starts to stabilize and reduce after 2100
horizon, glaciers start to grow again at regional scale.
[AR 1.13] We fully agree with the reviewer’s comment and have amended the paragraph
as follows:
ll.132-140: ‘These results show that, owing to slow lowering of air temperatures and
enhanced precipitation implied by this particular scenario after 2100, slow glacier recovery
might happen (Fig. S3). While glacier volume losses of 80-85% are calculated for 2100,
the experiment projects Alpine glaciers to re-gain a total volume that is between 28% and
53% of the 2020 level by 2300. Although this result is only based on three GCM members
and is thus very uncertain, it suggests that considering projections beyond 2100 might
change the current perception of a possibly irreversible glacier loss. From the physical
point of view, the result that glaciers might re-grow after a potential cooling global
temperatures is not surprising. Still, increasing the number of GCM members that consider
such longer-term horizons and having different research groups performing similar
analyses would help verifying the robustness of this preliminary finding. We also stress
that decisive climate action would be required for steering global temperatures towards
such an evolution (i.e. SSP126).’

[RC 1.14] I am surprised that what seems to me the key message, i.e. 'every half-degree
count', is not more highlighting in the paper (in the abstract for example).
[AR 1.14] We understand the reviewer’s surprise and tried to amend the abstract. Please
note that space availability for the abstract in the Brief Communication format is limited to
100 words, and that we have attempted to accommodate RC 2.02 as well:
'Our results show that even half-degree differences in global temperature targets have
important implications for the changes predicted until 2100, and that – for the most
optimistic scenarios – glaciers might start to partially recover owing to possibly decreasing
temperatures after the end of the 21st century.’

[RC 1.15] Figure 1: to be consistent between panel a) and b), the vertical axis should be
either in unit or in unit change (%) for both panels.
[AR 1.15] We have added a secondary axis to panel 1b, which now provides both units
and units of changes. Expressing a temperature change in % would be very uncommon,
and also difficult to interpret.

[RC 1.16] Figure 1 and 2: is it consistent to choose a moving average window of 30
years for climate averaging and 20 years for runoff averaging ?
[AR 1.16] We thank the reviewer for having noted this inconsistency. We now use a
running mean of 30 years in all figures and panels.

[RC 1.17] figure 2: why there is no peak water in the curves for annual glacier runoff
(panel c) ? How does it compare to other studies ? Does it mean that the peak water is
already reached for glaciers in the European Alps ?
[AR 1.17] Yes, the reviewer’s interpretation is correct. This finding is consistent with
earlier studies (e.g. Bliss et al., 2014; Huss and Hock ,2018) and we now acknowledge
that in the text with the following sentence:
ll.115-117: ‘The decrease follows above-average glacier melt during the last decades, and
indicates that peak glacier discharge for many glaciers of the European Alps already
occurred in the past (consistent with the findings of e.g. Huss and Hock, 2018).’

[RC 1.18] supplementary material, table 1: read again the legend which is I think not
clear. Probably remove 'given as Area ??' and please explicit 'w.r.t'.
[AR 1.18] We reformulated the table caption into:
‘Table S1: Overview of glacier volume change between 2020 and 2100 for glaciers with an
area >10 km2. The provided glacier area is from the RGI v6.0.’
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