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1 General Comments

Thank you very much for the positive assessment of our manuscript. The comments
and suggestions are constructive to improve the presentation of the article. We will
consider and incorporate these suggestions into the revised version of the manuscript.
Following is the early point to point response to the comments and suggestions:

2 Major comment
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The physical diagnosis aims to determine whether a basin can be considered plausibly
realistic using a water-energy balance.

The approach is simple and easy to apply with observed physical data (discharge,
precipitation, evapotranspiration). These data are usually frequently available because,
in every catchment, these data are measured regularly (Andréassian and Perrin, 2012).
The potential evapotranspiration is calculated using temperature and other physical
data, representing the surface energy balance.

The Budyko theory-based equations describe the relationship primarily between the
natural precipitation and evapotranspiration, while neglecting the changes in water stor-
age in a watershed. This is generally a very good approximation for the non-glacierized
watershed over the annual or inter-annual scale. However, for the glacierized water-
shed, it may fail. It is right the weakness of this approximation for the non-glacierized
watershed that can be used as a tool for identifying if the water balance of a watershed
is involved by the glacier melt as an additional input.

The Truc-Budyko equation assists in identifying the physical realism of the catchment
under a particular precipitation dataset. In glacierized catchments, meltwater also plays
a vital role in overall water balance. Baseflow contributions to the total runoff (Alley et
al., 2002; Andermann et al., 2012; Savoskul and Smakhtin, 2013) compensate for
the loss due to the groundwater percolation balance; therefore, the only imbalance in
water balance would be due to meltwater (Immerzeel et al., 2015). Hence, the ‘gaining’
catchments highlight the meltwater contributions to the total runoff, whereas, the ‘leaky’
catchments can highlight the positive mass balance or glacier advance. The water
balance equation, which has a mass balance component (Eq. 8), helps the actual
under- or over-estimation in the selected/included GPDs, quantitatively.

Therefore, we are hesitated to remove this component from the Three-stage diagnosis
approach. We hope it can be kept. Yet, we need to make further efforts in the compo-
sition of this section. We will present this part more clearly and concisely. Meanwhile,
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we will make our efforts to concise the whole manuscript.

3 Minor Suggestions

Suggestion 1:

I should note that I was not able to see any of the figure or table references in the
manuscript, which may have led to some misunderstandings on my part.

Response:

We are extremely sorry for the inconvenience. The in-text references of figures and
tables were misplaced while moving figures and tables to the bottom of the text. We
will update the references in the revised version.

Suggestion 2:

Given that not all readers will necessarily be familiar with the statistical plots presented
here, it would be useful to have more information in the figure captions, and to define
the acronyms used in the figures. E.g. for figure 8 “the boxes represent . . ...” e.g. for
figure 10 “each dot represents . . .. (an average/total for one year of data?)”.

Response:

Thank you for the suggestions. The figure captions will be updated in the revised
version, as suggested.

Suggestion 3:

Throughout the manuscript, the authors should check that acronyms and abbrevia-
tions are defined where they first appear, and consider repeating these, or providing
a nomenclature. For example on line 95, Q, P, ET_p all need defining, on line 210
ETCCDI needs defining.

Response:

Thank you. We will improve the statement of acronyms and abbreviations.
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Suggestion 4:

Line 174: Was this adjusted using the same wind data as used in Dahri 2018? I think
given the importance of this adjustment, an extra line explaining it would be useful.

Response:

The precipitation was adjusted based on the procedure and correction factors in Dahri
et al. (2018). We will add this explanation of the procedure in the revised manuscript.

Suggestion 5:

Line 300: Please add references to the sentence ‘The observed mass balance data
were extracted from the literature’. Response:

Thank you for the suggestion. The references are also provided in the Table 2. We will
add references in the main text too.

Suggestion 6:

Line 305: Where is the data from Besham Qila held or is there a reference for this
data?

Response:

The discharge data at Besham Qila was collected from the Water and Power Develop-
ment Authority (WAPDA), Pakistan. The reference for the data is provided in Table 2.
The data from WAPDA are also acknowledged in the acknowledgment section.

Suggestion 7:

Line 323/Figure 5: Could you plot the points of the stations onto the map in figure 5
so it’s easier to compare the observations and colour maps? More importantly, please
switch the colour scheme for either figure 3 or 5 so that they are the same, with the
same scale (a divergent colour scheme for both would make it clearer which areas are
high precipitation and which are low precipitation). It’s tricky to compare them when
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blue is dry regions in one plot and wet regions in the other.

Response:

Thank you very much for your constructive suggestions. We will update the Figure 3
and Figure 5 following your suggestions. In revised figures blue will represent the wet
regions.

Suggestion 8:

Line 326: While it’s clear what you mean here, I think technically this should be ‘the
GDPs did not show statistically significant trends’, as you cannot generally use statisti-
cal tests to prove a lack of trend.

Response:

Thank you for your suggestion. We will update the sentence in the revised version, as
suggested.

Suggestion 9:

Line 331-333: Are these discussions about bias coming from the Taylor diagram in
figure 6? It might be better to talk about RMSE, as that’s what you have shown here in
figure 6.

Response:

Thank you very much for your suggestion. We will update the explanation of Figure 6
in the text focusing on RMSE.

Suggestion 10:

Line 333: word missing ‘. . ..as the better in UIB. . .’ -> ‘. . .as the better model in the
UIB. . .’

Response:
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Thank you for the correction.

Suggestion 11:

Line 345: It would be good to emphasize that this under/overestimation is particularly
true during the winter, as it’s interesting that these datasets appear to represent the
summer monsoon much more effectively than the winter westerlies.

Response:

Thank you for the suggestion. We will update the explanation in the revised manuscript,
as suggested.

Suggestion 12:

Lines 349-355: You could consider cutting figure 7 b and the accompanying text, as I
think this is all shown in figure 7 a and that discussion. If figure 7 b is kept, could the
seasons be put in order? I’d recommend Winter, spring, summer, autumn as this will
make it easier to see the winter and spring precipitation together.

Response:

Thank you. We will update the figure 7b in the revised version by re-ordering the
seasons as recommended.

Suggestion 13:

Lines 357-368: It’s not quite clear how these numbers relate to figure 8, or how the val-
ues in figure 8 and the numbers in the text are calculated. Are the mean and standard
deviations given in the text taken from each year? I.e. the maximum CDD taken from
a year, and then averaged over all the years? Given figure 8 shows the median and
25th/75th percentiles, it might be more useful to discuss those? (although presumably
the red dots are the means in each case).

Response:
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Thank you for highlighting it. Yes, the maximum CDD was taken from a year, and then
averaged over all the years. Meanwhile, we will improve the presentation by discussing
the boxplots’ statistics (the median and 25th/75th percentiles).

Suggestion 14:

Figure 9/lines 372-382: is the runoff value the same for each of the models? Is this a
measured value? Please state in the text and the figure caption.

Response:

Yes, the observed runoff values are the same for each model. We will add an explana-
tory statement here for clarity.

Suggestion 15:

Lines 383-391: This section discusses correlation between runoff and precipitation.
However given there is no significant correlation between the observed precipitation
and runoff, except in the Karakoram, it seems that there may be other factors that
need to be taken into consideration, and therefore that correlation between these two
variables probably should not be used to judge the datasets?

Response:

Thank you for highlighting an important point. The correlation between precipitation
and runoff may not represent the validity of a precipitation dataset, and thus, should
not be used alone to judge the datasets. This motivates to use ‘physical diagnosis’ for
determining the physical realism of a catchment under different precipitation datasets.
We also used a water balance equation (Eq. 8), including the mass balance compo-
nent, to assess a precipitation datasets’ validity.

Suggestion 16:

Line 456: Are these six SPHY model runs identical, except for the precipitation dataset
used? Or are there some differences, apart from the precipitation datasets?
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Response:

Yes, these six SPHY models are almost identical to the base calibrated model. There
was a little tuning of DDFs for ice and snowmelt to keep the average mass balance
closer for all the precipitation datasets. This was done to compare the rationality of the
mass balance and streamflow outputs.

Suggestion 16:

Line 494-497: I don’t quite understand this.

Response:

The rationality of runoff and mass balances simultaneously means that the simulated
runoff and mass balance represent the actual situation (observed values) in the catch-
ment at the same time. As the datasets are under- or over-estimated; therefore, one of
these two variables (runoff or mass balance) will be under- or over-estimated accord-
ingly (i.e., in simulated).

Suggestion 17:

Line 510: Could you add some references here?

Response:

Several researchers have evaluated the precipitation datasets using simple statistical
methods (Ali et al., 2017; Anjum et al., 2018; Blacutt et al., 2015; Henn et al., 2018;
Hu and Chen, 2018; Hu et al., 2016; Hussain et al., 2017; Romilly and Gebremichael,
2011). However, when the observed data do not represent a catchment’s entirety, then
such simple statistical methods may not provide the true assessment of precipitation
datasets. The data is not sufficient (a small number of stations) and not sufficient
quality (uneven distribution of stations – mostly at lower elevations) (Winiger et al.,
2005). Several other researchers also pointed out these limitations in previous studies
(Dahri et al., 2018; Immerzeel et al., 2015).
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Suggestion 18:

Line 589-594: you suggest undercatch in the observations here as a reason for the
unbalanced water balance, but haven’t you already corrected for this?

Response:

In several gridded datasets, observed precipitation (uncorrected) is used, for example,
APHRODITE (Yatagai et al., 2012). Therefore, it can be argued that the undercatched
precipitation (in GPDs) might be a reason for an unbalanced water balance. The ad-
justed average precipitation in UIB represents a plausible water balance.

Suggestion 19:

Lines 595-598: is increasing glacier mass balance also a reason for a ‘leaky’ catch-
ment?

Response:

Yes, it is. A part of precipitation is lost to keep the mass balance increasing (positive
mass balance/glacier advance). That missing (frozen) water is not contributing to the
total runoff at the moment. So, the energy balance goes beyond the limits and makes
the catchment ‘leaky’. We will incorporate the suggestion. Thank you.

Suggestion 20:

Line 613: repetition of the underestimated GPDs.

Response:

Thank you for highlighting. We will fix it in the revised version.

Suggestion 21:

Figure 6: please keep the colours for each model matching to those in figure 5.

Response:
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Thank you for the suggestion. We will fix this in the revised Figures.

Suggestion 22:

Figure 14: What’s the difference between a and c? Does figure e include the glacier
cover, or is it only snow cover? If it’s only snow cover, I don’t see how in figure (e)
MODIS and SPHY look so similar for august, when the snow cover (green only) look
quite different in b and d.

Response

In Figure 14, ‘a’ is the MODIS maximum snow cover in March, and ‘b’ is SPHY maxi-
mum snow cover in March. The snow cover is slightly different in the two maps. Most
of the differences are spotted at low elevations over the southeast and southwest parts.
The glacier cover is also included in figure part ‘e’.

We are grateful for your precious time, positive assessment, and constructive sugges-
tions. These will improve the presentation of the research article.

Sincerely,

Yi Luo and Muhammad Shafeeque
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