
The modifications in the revised manuscript are given below (in blue) following the referees  comments 
(in black). 
All line numbers in our replies refer to the revised version of the manuscript. 
 

Response to report # 1 

 
This manuscript describes the effect of different model variants on model performance and simulated 
flow components. They perform various model tests using the physically-based DHSVM model. 
Especially the evaluation of flow components is a novel aspect.  
However, I am afraid that I have a list of rather major concerns as described in detail below. Major 
revisions, including new computations, are needed to bring this manuscript to its full potential. 
 

 Flow component definition 
Defining and simulating flow components is not trivial and it is interesting that the authors here test 
different definitions. However, this discussion would be even more valuable if the authors could relate 
their definitions to those suggested by Weiler et al.(2018) (this reference is included, but not put in 
relation to the definitions used here). 
The section 3.2.5 was modified in order to present the different 
types of contributions of the flow components as defined in Weiler et al. (2018): 
 
p.10 l.12: relative contributions of ice melt, snow melt, and rainfall in the river 
discharge at different time scales is a difficult task because hydrological models usually do not track 
the origin of water during transfer within the catchment (Weiler et al., 2018). 
There are also different ways of defining the origins of the streamflow. Weiler et al. (2018) lists three 
types of contributions: 1) contributions from the source areas i.e. from each class of landcover, 2) 
contributions from the runoff generation (overland flow, subsurface flow, and groundwater flow), and 3) 
input contributions (ice melt, snowmelt, and rain). 
 
p.10 l.17: In this study, two different definitions were used to estimate the hydrological contributions. 
First, we estimate the input contributions to the total production of runoff (definition 1) according to the 

 
 
p.11 l.1: In order to evaluate the seasonal components of the outflow at the catchment's outlet, we 
also define the hydrological contributions as fractions of the outflow coming from the different 
contributing  
 
p.11 l.10: The definition 2 combines contributions from source areas (glacierized and non-glacierized 
areas) and contributions from runoff generation (direct runoff, englacial contribution, and soil 

 
 
Depending on the definition of flow components it can be required to track the different types of water 
through the model. For instance, glacier melt which is added to the  
might there mix with water coming from rain or snow melt. I am not fully sure, whether and, if yes, how 
this is done in DHSVM. Please clarify! 
The following sentence was added to  
to clarify this point:  
p.11 l.9: These contributions are obtained from the amount of water reaching the soil surface 
simulated by DHSVM-GDM. On each grid cell, this volume is a mixture of ice melt, snowmelt and 

to the soil or produce runoff.  
 

 Model evaluation 
I am missing a comparison of daily observed and simulated flows using a measure like the NSE. Why 
are these results not shown? 
p.16: Table 3 with all calculated NSE and KGE values for the daily discharges for each model 
configuration was added to 
p.15 l.21) 
 
Furthermore, NSE and KGE values were added to Figure 13 (p.23). 
 



Given the uncertainties in observed snow cover and mass balances: are the differences in model 
performances really significant? Overall, I am missing a quantification of uncertainties (please see 
Pappenberger and Beven (2006) 
In this study we did not conduct a complete analysis of uncertainties of our simulations such as 
presented in Pappenberger and Beven (2006) since the existing DHSVM-GDM framework is not 
designed to support general uncertainty analysis. Instead, we analysed the dependency on model 
factors (point 9.5 according to Pappenberger and Beven, 2006) by using a multiple signal (snow, 
glacier and discharge) and criteria (NSE and KGE) approach to evaluate the quality of our results. 
Our work can be considered as a contribution to the point 9.2 (Taking account of uncertainty in model 
choice) as proposed by Pappenberger and Beven (2006) giving a better documentation of the model 
development.  
This study also analyses a large variety of sources of uncertainty by comparing results obtained with 
(i) different representations of the processes in the model (configurations v0, v1, v2, and v3), (ii) 
different parametrizations (melt coefficient for debris-covered glaciers ranging from 0.3 to 0.5, soil 
depth under glaciers ranging between 1 and 5 m), and (iii) different descriptions of the glacierized 
areas (Racoviteanu et al, 2013, GAMDAM and ICIMOD glacier inventories). 
Overall, a large number of simulations were realized to analyse the uncertainties. The synthesis of 
these simulations (presented in Mimeau, 2018) showed that the main uncertainty is related to the 
precipitation forcing data (point 9.3 according to Pappenberger and Beven, 2006). A manuscript on the 
uncertainties associated to the precipitation forcing data was recently submitted (Mimeau et al., 2018). 
 
Mimeau, L., Quantification des contributions aux écoulements dans un bassin englacé par 
modélisation glacio-hydrologique. Application à un sous-bassin de la Dudh Koshi (Népal, Himalaya), 
Ph.D. thesis, University Grenoble Alpes, 2018 
 
Mimeau , L., Esteves , M., Jacobi , H.W., Zin , I. [2018]. 
simulated hydrological Submitted to Journal of 
Hydrometeorology. 
 

 Model parameterization 
I am not convinced about the choice of the parameter values. Can one really use standard values for 
the parameters for this application in a high-mountain environment? 

 areas ranges between 0.5 and 1 

glacier than elsewhere?!? This seems more like a trick to ensure a delayed response rather than a 
physically-based representation. As there is no description of groundwater, I assume that groundwater 
is not represented explicitly. The unrealistic soil depths are probably needed to compensate for the 
missing groundwater. 
For the more sensitive parameters: how would changes in reasonable ranges affect results? 

glaciers was modified to: 
-GDM version, glacier melt is instantaneously transferred to the soil surface 

areas by increasing the soil depth to 2 m under glaciers. This 
glaciers enables to compensate the absence of representation of the englacial liquid water storage in 
the model. This new parametrization also implies to change the values of three soil parameters under 
glacie

 
 
p.29: A sensitivity analysis of the parameters was added to the 
soil and glacier  
 

differently for other model errors and if the rest of the model would be 
different. 
p.27 l6-16: A new paragraph was added discussing the possibility of the compensation of errors in the 
different model versions. 
 

 Avalanche routine 



I have several concerns with this routine. First of all, while I agree with the authors on the need to 
consider snow redistribution, the way it is described it largely ignores other ways of snow redistribution 
than avalanches (see Freudiger et al, 2017, for a recent review on snow redistribution in hydrological 
models).  
Secondly, the routine and its parameterization seem rather ad hoc and not fully motivated. Can the 
parameters be motivated? What is the effect of varying them?  
Furthermore, as far as I understand the text, only cardinal direction
unrealistic assumption? 
Also, from my understanding, I would assume that the avalanche routine would result in unrealistic line 
patterns of snow accumulation. 
The glaciers located in the Pheriche catchment are known for being partially fed by avalanches, 
especially the West Changri Nup glacier, which are used in this study for the validation of mass 
balances (Sherpa et al, 2017). Ragettli et al, 2015 also showed the significant impact of avalanches on 
the river discharges in the Langtang region. In order to consider these processes in the model we 
implemented a simplified avalanche module in the model and tested the sensitivity of the routine for 
the simulated water balance (snow cover, glacier mass balance, and river discharge). The 
implementation of the avalanche routine led to an improvement of the simulated snow cover area and 
glacier mass balances compared to the versions without avalanches and confirmed the importance of 
considering snow redistribution in glacio-hydrological models. Apparently, further improvements are 
possible by: 1) considering eight directions for the snow redistribution would indeed be more realistic, 
but would need the implementation of a more complex routine (in this study the avalanche routine is 
based on the overland flow routing algorithm of DHSVM-GDM, which only considers 4 directions), 2) 
considering the redistribution of snow by wind. However, such modifications are beyond the scope of 
this study since they require more detailed data on the snow distribution based on in-situ observations 
for the study area. A sentence was added to section Representation of the cryospheric processes 
in the model in order to present these potential model developments: 
p.27 l.28: 
directions for the snow redistribution. A perspective of this study is to improve the representation of the 
avalanches in DHSVM-GDM by considering eight directions for the snow redistribution and 
considering other parameters such as the age of the snow cover, the snow density and the type of 
land-  
 
Finally, the avalanche routine is based on Wortmann et al. (2016). This, however, is a reference to a 
manuscript which had been in review (HESS-D) but then has never been published in HESS. I do not 
think we should refer to rejected manuscripts. This means a much better description (and motivation) 
of the routine is needed in this manuscript. 
The avalanche module presented in Wortmann et al. (2016) (based on slope and snow height 
thresholds) seems realistic and the referees  comments do not address this module, which is why we 
decided to cite this study although it has not been accepted for publication after the peer review, but it 
can be removed if needed. 
 

 Structure and language 
Please do not mix results and discussion. This makes reading the manuscript much more difficult. I 
strongly suggest separating these two sections. 
There are a number of typos and places were grammar or words could be improved 

The structure of the manuscript was modified to separate the results and discussion sections (see also 

our response to the first comment of referee # 2). 

 

Response to report # 2 

 
This manuscript proposes to quantify the origin of streamflow in a Himalayan basin, using a physically-
based snow hydrological model.  
 
The underlying research question is interesting for the readership of HESS but I have the following 
major concern: 
 
In this paper, two definitions of the origin of streamflow are used: A) annual contributions of snow fall, 
rainfall and ice melt to total runoff, and B) fractions of contributions coming from different areas. Both 
definitions can answer different questions and both are certainly useful. But my main question is: Is the 



water partitioning and associated water flowpaths reliably enough represented in the used hydrological 
model to give reliable answers under definition A and B? What evidence do you have for such a 
reliable representation? 
Based on the model description, I am not confident that this is the case.  
 
Overall, the paper does not yet convincingly convey that the obtained results reliably represent the 
dominant hydrological processes. The paper validates snow and glacier mass balance simulations but 
no evidence is provided for a reliably parameterization of water partitioning and release from the 
subsoil. 
In order to present our approach more clearly, 
was rearranged in: 

- a first part, presenting the contributions to the outflow simulated in the Pheriche catchment 
with an improved version of the glacio-hydrological model (Section 4. Results p.15-25),  

- a second part, discussing all limitations for the quantification of the contributions to the outflow 
(representation of the processes in the model, parametrization, initialization and water 
partitioning). In particular, a discussion concerning the uncertainty related to the partitioning 
between direct and delayed contributions was added (Section 5. Discussion p.25-31). 

 
Delayed water release by glaciers is e.g. emulated with a deep soil under glaciers (as far as I 
understand), which does not necessarily give wrong results but the implications should be clearly 
discussed.  
A test of the sensitivity of the simulated hydrological response regarding the soil water depth under 
glaciers was added to  
 
Detailed comments: 
 
- Abstract: it 

be a more quantitative statement, including why the approach is nevertheless deemed useful to 
quantify the origin of water? 
I suggest mentioning all used validation data in the abstract (MODIS, mass balances) 
The following information was added to the abstract:  
p.1 l.15  snow and glacier processes has a significant 
impact on the simulated water balance: the different parametrizations tested in this study lead to an ice 

 
p.1 l.11 r and hydrological processes was established using three 

 
 
- Introduction: it would be nice to better say why it is interesting to know the proportion of snow / ice 
melt and rainfall. One reason is that this can give insights into how much water is seasonally delayed 
and that this delay might change in the future. Another reason is that snow melt / ice melt might have a 
completely different hydrological pathway (in particular in terms of groundwater recharge) than rainfall. 
This might e.g. cause a shift in the overall water balance if the ratio snowfall to rainfall changes 
(Berghuij Woods, Nature Climate Change, 2015). Another interesting question is how much water is 
currently available that has been accumulated long time ago in the glaciers. 
The authors want to thank the referee for these suggestions, which were used to improve the 
introduction p.2 l.8-16. 
 
- How does the model handle transpiration by vegetation? The loss via transpiration should be 
accounted for in the equations 4- 7 to quantify runoff production 
In DHSVM-GDM, the losses by evapotranspiration are withdrawn from the overall soil moisture. Since 
there is no possibility of quantifying the partitioning between ice melt, snow melt, and rainfall in the 
soils simulated by the model, the contributions estimated with the definition 1 are calculated based on 
the volume of liquid water reaching the soil surface before evapotranspiration. 
 
There is indeed an error in the equations 4  7, which was corrected as following: 
Equation (8) was added p.10 to account for losses by evapotranspiration 
 



p.10 l.28- It is worth noting that the sum of these contributions Vrunoff is not equal to the outflow at 
the catchment outlet Q as it represents all liquid water reaching the soil surface (before infiltration in 
the soils and glaciers and before evapotranspiration ET). 
Moreover, at daily or monthly time scale, Vrunoff may not be equal to Q - ET as liquid water can be 

 
 
- Results on winter flows controlled by release from the englacial water storage: what are the similar 
results in the literature? What provides confidence that the model parameterization is reliable? 
Since it is difficult to separate groundwater and englacial flows with the used model parametrization, 
the sentences p.23 l.2 were replaced by: 
Groundwater and englacial 

contribute more than 50 % during the monsoon season and can contribute up to 90 % during winter 
(Figure 14b).  
 
A comparison of our results with other studies is included in the section 5.1 Simulation of the 

 
The studies of Ragettli et al. (2015) and Racoviteanu et al. (2013) concerning the Upper 

Langtang and the Dudh Koshi basin 
soil, channel, surface, and englacial storage changes, which is consistent with our results.  
 
A discussion about the uncertainty on the estimation of the delayed contributions with DHSVM-GDM 
was added to 
Sensitivity to the soil and glaciers parametrization). 
 
- Throughout the paper: what is net rainfall? There is no generally accepted definition. 
In this study, net rainfall is defined as the liquid precipitation minus interception by the vegetation 
(equation 7 p.10). 
 
- The cited observed geodetic mass balances have a very wide range of uncertainty and stem from 
different areas / different time periods. It is unclear why they are nevertheless useful for validating the 
modelling results. This should be justified. If the geodetic estimates are from a completely different 
period (period is not given), this might be questionable. 
A new paragraph was added to  (p.30 l.6 to 
p.31 l.4) to justify the use of the geodetic mass balances as well as the limits of such validating data.  
 
- Figure 10: I do not clearly see which model version is the best; in terms of RMSE, v3 might (slightly) 
outperform v0. What about the bias? Is it a good or a bad thing that v0 has less variability of the point 
mass balances than v3? 
The following sentence was added 4.1.2 Snow cover dynamics  

spread around the diagonal axis which leads to a bias ten times smaller (mean bias of 1 m with v0 
 

 
- Gauging curve uncertainty: what is the design of the gauge? Does the cross-section move? Is the 

 
The gauging station is located in a gorge downstream from the village of Pheriche. The geometry of 
the measurement section was stationary. We did not observe any change of the channel cross 
section. The river stage was measured every 30 minutes with a pressure transducer (resolution ±1 
mm). 44 discharge measurements were performed using a tracer (fluorescein) dilution method 
(sudden injection). The tracer concentrations were measured every five seconds in the river 
downstream of the mixing zone using a fluorometer. A calibration was completed in the field for each 
gauging. This method is a powerful tool for measuring stream discharge, especially in steep, rough 
streams that cannot be gauged accurately using the velocity-area method (Hamilton and Moore, 
2012). These measurements cover a range of water stages representing 95% of the range of variation 
observed during the study period. 
The global uncertainty associated with a discharge time series combines three main sources of errors: 
the uncertainties in the discharge measurement, in the measurement of the stage, and in the plot of 
the stage-discharge relationship (Tomkins, 2012). In the case of natural channels it is difficult to 
predict this uncertainty precisely. In this study an estimation of its magnitude was proposed at 15%. 



This estimation combines the 3 sources of uncertainty (Di Baldassarre and Montanari, 2009; McMillan 
et al., 2012): discharge measurements by the dilution method (5 %); the uncertainties in stage 
measurement and time interpolation (negligible), and the uncertainty of the rating curve (10 %).  
Di Baldassarre, G., Montanari, A., 2009. Uncertainty in river discharge observations: a quantitative 
analysis. Hydrol. Earth Syst. Sci., 13, 913 921. doi:10.5194/hess-13-913-2009 
 
Hamilton, A.S., Moore, R.D., 2012. Quantifying Uncertainty in Streamflow Records. Canadian Water 
Resources Journal 37, 3 21. doi.org/10.4296/cwrj3701865 
 
McMillan, H., Krueger, T., Freer, J., 2012. Benchmarking observational uncertainties for hydrology: 
rainfall, river discharge and water quality. Hydrological Processes 26, 4078 4111. 

doi.org/10.1002/hyp.9384 
 
Tomkins, K.M., 2014. Uncertainty in streamflow rating curves: methods, controls and consequences. 

Hydrological Processes 28, 464 481. doi.org/10.1002/hyp.9567 
 
- General comment on conclusion: I strongly suggest to separate the discussion from the conclusion, it 
is very unusual to discuss results in the conclusion section 
The structure of the revised manuscript was modified to separate the discussion and conclusions 

sections. 

- Conclusion: can you really affirm that the model has an improved parameterization of the storage 
and transport of melt water within glaciers, or is the modified model just emulating it with the selected 
parameters?  
In this study, we indeed did not modify the parametrization of the storage and transport of melt water 
within glaciers. Therefore, we replaced the following sentence: 

y, an improvement of the parameterization of cryospheric processes in DHSVM-GDM was 
proposed in order to better represent ice melt under debris covered glaciers, avalanches, the storage 
and transport  
with: 
Some improvements on the cryospheric processes parameterization in DHSVM-GDM were proposed 

in order to better represent the snow cover dynamics, the ice melt under debris-covered glaciers, and 
avalanches.  (p.31 l.18) 
 
-  albedo parametrization (..) enabled to simulate the snow 

the validation data used 
The following sentence was added to the conclusion: 
p.31 l.20: Simulated SCA were compared with MODIS images and calculated glacier mass balances 
with local in situ and geodetic measurements  
 
- 
formulation, 

 
- 
within the next decades, the access to water resources is likely to be reduced, especially during the 
fall and the winter seasons, as the glaciers outflow will decrease due to glaciers shrinkage, even 

hould be deleted, it is pure guessing and 
perhaps wrong. Continued glacier retreat means continued negative mass balances, means water 
input in addition to annual precipitation. The moment of peak water remains to be determined. 
These sentences were deleted. 
 
- I am not a specialist in debris covered glaciers but I think that there should be some more literature 
review on how important a good representation of debris cover in glacio- hydrological models is, 
especially in the Himalaya 
The following sentences were added to the introduction: 
p.2 l.24- Debris-covered glaciers represent about 23 % of all glaciers in the Himalaya-Karakoram 

region (Scheler et al, 2011). The debris layers have been expanding during the last decades due to 

the glacier recession (Shukla et al., 2009; Bhambri et al., 2011; Benn et al., 2012) and are expected to 

keep expanding in the near future (Rowan et al., 2015). Since the study of Østrem (1959) it is known 



that the debris thickness has a strong impact on the melt water generation, which means that a good 

representation of the debris-covered glaciers in glacio-hydrological models is essential for estimating 

the amount of melt water generated in glacierized catchments  

 




























































































