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We would like to thank the reviewer #1 Jonathan D Mackay for taking the time to provide
comments on the manuscript. Please find our replies below.
Reply to reviewer #1
A well written and clearly presented manuscript that introduces an updated
version of the DECIPHeR hydrological model which includes a simple energy
balance model to simulate snow and ice ablation and accumulation. Overall, only
a few comments from me which should be easy for the authors to address (see
attached PDF with comments). Of these comments, two are slightly more
"major" points which I hope the authors can address in their response and
manuscript revisions. The first is on the question of novelty. It's not entirely
clear from the introduction what the novelty of the work is exactly. In the
Conclusions section it states that:
"The motivation for this work was to develop hydrological model that can be
used to simulate discharge in very large glaciated and snow-fed catchments, at a
high spatial resolutions, whilst maintaining the ability to explore model
uncertainty."
So I'm assuming that the novelty is the model itself, but my understanding is
that there are already models out there that can be used to do this (I've
mentioned some in the attached). Could the authors please spell out what the
novelty of the work is in the introduction. If the novelty is the model then I think
the manuscript would really benefit from a more explicit explanation of the
limitations of current models available and what exactly this model offers to
address these. A good starting point might be the review of Van Tiel et al.
(https://wires.onlinelibrary.wiley.com/doi/full/10.1002/wat2.1483).
To clarify the novelty of the work is in using the DECIPHeR model.
We added the following text (L69) of the introduction to highlight the reasons we used
DECIPHeR, instead of one of the other glacio-hydrological models in the literature.
“Many glacio-hydrological models already exist in the literature (van Tiel et al., 2020;
Horton et al., 2022), however, we integrate a snow and glacier melt model into DECIPHeR

for the following three reasons. Firstly, DECIPHeR uses hydrological response units (HRUs)
to model water flow in hydrologically similar parts of the catchment which allows the
model to be run as a fully distributed (HRU for every single grid point), semi-distributed
(multiple HRUs) or as a lumped model (1HRU). Depending on user requirements and the
corresponding degree of complexity, topographic, land use, geology, soils, anthropogenic
and climate attributes as well as points of interest (any gauged or ungauged point on the
river network), can be supplied to define the spatially connected topology and thus
differences in model inputs, structure and parameterization (Coxon et al. 2018). Other
HRU based glacio-hydrological models exist, for example, SWAT (Omani et al., 2017),
PREVAH (Koboltschnig et al., 2008) and HBV (Finger et al., 2015) but they don’t offer this
level of flexibility within a single modelling framework.
Secondly, DECIPHeR is computationally efficient, which makes it suitable for modelling
very large catchments. Many of the glacio-hydrological models in the literature are
distributed (grid point based) for example, TOPKAPI (Pellicciotti et al.,2012), DHSVM
(Frans et al., 2018), VIC (Schaner et al., 2012), GERM (Farinotti et al., 2012). The
computational expense of modelling processes with adjacent grid points makes distributed
models more suited to studying small catchments. Furthermore, computationally efficiency
makes it possible to quantify uncertainties and run large ensembles which is important for
understanding the uncertainties in future predictions.
Thirdly, the DECIPHeR code is open source which allows opportunities for further
community development. In contrast, the glacier enhanced version of SWAT (Omani et al.,
2017; Luo et al., 2013) is not open source.”

The other point regards the application of GLUE and the use of the top 0.5% of
model simulations to represent a population of behavioural models. The 0.5%
seems arbitrary and, therefore, it's not clear to me what the merit of including
these in the analysis is. What do the uncertainty bounds of an arbitrary
population of models mean? Could the authors please justify the use of using the
top 0.5% of simulations rather than, say, defining a more objective set of "good
behaviour" criteria e.g. based on the different metrics of model performance
used in the study.
We added this to the discussion section “
In this study we set the behavioural models to the best 0.5% simulations in the ensemble
as it was important in our analysis to rank models according to their ability to capture
seasonal discharge, particularly from spring snow melt and summer glacier melt. Often
behavioural models are selected using threshold values for guidelines metrics. These
metrics are calculated over the complete discharge timeseries, rather than for individual
seasons. For example, metrics from Moriasi et al. (2007) are commonly used in the
literature to categorise ‘acceptable’, ‘good’, or ‘very good’ simulations based on threshold
values for NSE, PBIAS and RSR. Metrics calculated over the complete discharge time
series are not a strong test of the model’s ability to predict seasonal discharge. To our
knowledge, there are no standardised guideline thresholds in the literature for seasonal
metrics, therefore we selected the best 0.5% of the ensemble. If we decided to define the
behavioural models using a threshold for the seasonal RSR, then this would also be based
on an arbitrary choice of value. A high threshold for seasonal RSR would be required to
categorise the behavioural models because the summer values are high (See RSRJJA in
Table 4).
We explored the impact of selecting alternative threshold values (1%, 2.5%, 5% and
10%) on the calibrated NSE values (Fig. S24). To obtain NSE values > 0.7 at all the

gauging stations requires a threshold smaller than 1%. This is notable at the Alfatun
station where the NSE value at the 0.5% threshold is 0.74 but reduces to 0.63 at the 1%
threshold (95th percentile limit values). Fig S24 also shows how the uncertainty in the NSE
values increases for higher threshold values. At the 10% threshold the uncertainties in the
NSE values are much greater than at the 0.5% threshold.”
Please find attached an updated Supplementary material and replies to the minor
comments in the zip file.
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