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We would like to thank the reviewer for this constructive review. In this discussion
comment we would like to broadly address and share our thoughts on these comments.
We look forward to addressing these comments in detail in a revision of our manuscript.

Generally, in reference to the novelty of our glacier model, it was not our intention to
create the most state of the art or complex glacier model. Our work’s novelty stems
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from the use of GRACE monthly observations as our regional constraint. In particular,
we choose to produce our own GRACE mass balance estimates because we constrain
our glacier model at the monthly time resolution of GRACE. We do not use the multi-
year trend of mass change, but 163 months from 2002-2017. Because of this, we
chose to use modeling procedures common to several other models so that we could
compare our results with theirs and examine the impact of using GRACE data as a
model constraint.

1a. Use of volume area (V-A) scaling: Yes there are more sophisticated methods than
the V-A scaling. We chose to use V-A scaling because we wish to directly compare our
results against other models, and examine the impact of using GRACE data. 5 of the
6 models in the GlacierMIP paper (Hock et al., 2019 table 1) and 5 of 11 models in the
GlacierMIP2 paper (Table 1 in Marzeion et al., 2020) use some form of volume-area
scaling relation (v-a, v-a-l, v-a-l-response time, etc.). We think V-A scaling is preferable
for the ease of comparison to prior work.

1b. Use of ERA-I: Our use of ERA-Interim was partly due to ERA5 not being available
at the project start, and partly due to improve comparison to prior work. Since submis-
sion we have migrated to ERA5 and we can easily update these results to ERA5 in our
revision.

Use of CMIP5 results: We use CMIP5 GCM output specifically because it covers the
same time period as our GRACE observations. CMIP6 output only begins in 2015,
and therefore would not allow us to solve for the bias parameters necessary during
2002-2017. It also appears the equilibrium climate sensitivity of CMIP6 models is quite
different from CMIP5, and this would likely make a comparison to prior glacier models
very challenging.

C2



1c. Comparsion with GlacierMIP2: We are aware of the recent publication in glacier
model, GlacierMIP2. It must be noted that some of the models are regionally focussed
such as the AND2012, GloGEMflow, KRA2017 and PyGEM, which leaves us to include
GLIMB, JULES and OGGM in the comparsion (Anderson et al., 2012; Kraaijenbrink et
al., 2017; Maussion et al., 2020; Rounce et al., 2020; Shannon et al., 2019; Zekollari
et al., 2019). We will try our best to use the same set of conditions in the model
comparsion such as the initial volume, boundary conditions in the revised manuscript.

1d. see point 2

2. Regional parameter calibration: We have matched the regional mass balance with
a single set of parameters for each region (option 2b), and as a result we would expect
that any individual glacier within the region would likely have poor agreement between
model and observed mass balances. Our purpose in using monthly GRACE data is
that it is very different and independent from what is used in other models. (By this we
mean glacier specific mass balance estimates which are perhaps at best annualized)
We believe that we could, in the future, use the spatial information in GRACE with
our glacier model to improve performance. And perhaps the way forward on that is to
ascribe the regional mass balance to each individual glacier such that it is consistent
with the broad spatial pattern from GRACE. However, as we mention in point 3, this is
a much more complex process which we have reserved for future work.

3. Use of GRACE data: We do not use a single number (such as the trend) from
GRACE to constrain our glacier model. Instead we use all the 163 monthly observa-
tions between Jan 2002 and June 2017, which capture the seasonal processes, as
constraints in our model. In-situ mass balance observations are typically limited to an-
nual temporal resolution. Individual glacier mass balance estimates from DEMs are
typically annualized from multi-year DEM differencing (e.g. Shean et al., 2020).
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Additionally, we believe there is additional information in the GRACE data that could
be used to improve our model in future work. For example, currently we constrain our
model on the total integrated mass of the region. In future work, we plan to apply this
to the timeseries of each Slepian basis function, which will allow us to use the spatial
information from GRACE within the region to constrain our model. Our first step in this
paper is to show the initial performance with GRACE data.

4. Matching GRACE derived mass balance: We agree that this is a weakness in our
manuscript. We believe part of the poor agreement is due to the poor representation
of precipitation in ERA products. When we re-run the model results using ERA5 input
fields, we are very willing to examine this disagreement further by e.g. testing an even
wider range of parameter space.
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