
RC1 

The study by Shrestha et al. presents a benchmarking analysis of a global hydrological model 

(CWATM) against a watershed hydrological model (VIC) for future projections. The paper is well-

structured, clearly written, and achieves its stated goals effectively. The comparative approach 

appears robust and provides valuable insights into the models' performances and I especially 

appreciate that uncertainties are being clearly discussed. 

We thank the reviewer for taking time to review our manuscript and positive comments. We have 

carefully addressed all comments in the revised manuscript (shown with track changes), as 

outlined below.     

The study would benefit from even more emphasising how the models' water balance components 

compare to real-world observations. In Section 4.4, adding comparisons to observed data for key 

water balance components such as annual (monthly) streamflow and the distribution of 

precipitation into evaporation and runoff, would help contextualize each models’ performance 

against real-world observations and each other. 

We agree with the reviewer that comparing historical and projected changes with observations is 

beneficial to contextualize the results against real world observations. To that end, we have added 

observed streamflow in Section 4.4 (Figs. 6 and 7). We have also added a discussion on the 

models’ performance against observations [L330-344]. However, evaporation observations are not 

available to compare with the model results.  

 

Additionally, while the abstract highlights the identification of areas for model improvement (l. 22-

23) and the introduction points towards limitations of these models, the potential areas for 

improvement are not as clearly outlined in the conclusion. To do this, however, could enhance the 

study's findings and clarity. 

We also agree with the reviewer that it will be beneficial to outline potential areas of model 

improvements. Based on the study findings, we have provided an outline of potential 

improvements in both CWatM and VIC models in the conclusions section [L464-469]. 

 

Technical comments 

 Improve the placement of Tables 1, 2, and 3 and Figure 6 to enhance clarity and avoid 

confusion. The items are not exactly located where they are mentioned in the text, which I 

found confusing at times. 

We have moved Tables 1, 2, and 3 and Figure 6 closer to where they are mentioned in the text.  

 Clarify in Table 1 that Manning’s n refers to a roughness coefficient. 

Changed as suggested [Table 1].  

 Provide a complete caption for Figure 6 to ensure it can stand independently, even if it is 

similar to Figure 5. 



Added complete caption for Figure 6. 

 Consider providing consistent ‘units’ in Table 1, since the table features arc-minutes, arc-

seconds and degrees for grid-scale size references. This makes it difficult to get a good idea 

of the actual differences in scale. 

We provided the units (degrees, arc-minutes or arc-seconds) as in the original literature to 

summarize geospatial data used in the two models. These units are appropriate for the 

resolution of the datasets, and easily convertible. As suggested by reviewer # 2, we have added 

additional units (in brackets), so that they are comparable for a specific geospatial dataset 

[Table 1].  

 

RC2 

I enjoyed reviewing the manuscript "Benchmarking historical performance and future projections 

from a global hydrologic model with a basin-scale model" by Rajesh R. Shrestha and co-authors 

and I hope that my comments will help to further improve it. In this study, the authors compare 

simulations and predictions of two hydrological models (the Community Water Model, CWatM, and 

Variable Infiltration Capacity, VIC), both calibrated for the Canadian Liard River basin. The authors 

found satisfactory model performances of both models when simulating a historical time period. 

When using the models to predict changes under different future scenarios, the results of both 

models were mainly consistent. The manuscript is understandable and interesting, as well as 

clearly and concisely written. 

We thank the reviewer for taking time to review our manuscript and constructive comments. We 

have carefully addressed all comments in the revised manuscript (shown with track changes), as 

outlined below.      

   

General comments 

In general, I think a clarification on the definition of a global hydrologic model (GHM) is required. In 

the manuscript, the CWatM is considered as a global model that is compared to the VIC, a 

watershed model (WHM). However, according to the model development paper (Burek et al., 2020), 

the CWatM is not solely a global, but also a regional model. This is also stated in Sect. 3.1, lines 

109-110. Since here, the CWatM is calibrated to one specific basin, one could argue that it is used 

as a regional model and not as a global model. In fact, the main difference between the application 

of the CWatM and the VIC seems to be the number of subcatchments for which the models were 

calibrated. This is still a valuable comparison, but needs to be framed differently (i.e., not as a 

comparison of a GHM to a WHM) in my opinion. I recommend to either explain more clearly why the 

CWatM can still be considered a GHM in this application case, or to adapt the goal of the 

manuscript accordingly.  

Based on the reviewer’s comment, we feel that it is important to distinguish the model application 

from the model itself when describing the global hydrologic model (GHM). As the reviewer pointed 

out, CWatM is designed for global and regional assessments (Burek et al., 2020), however, it not 



tailored to a specific region or a basin. Furthermore, it can simulate terrestrial water cycle 

processes and human usage on a global scale due to the incorporation of global scale datasets 

(Burek et al., 2020; Telteu et al., 2021). CWatM has also been used in several global scale 

assessments as a part of a multi-GHM ensemble (e.g. Boulange et al., 2021; Pokhrel et al., 2021; 

Satoh et al., 2022). Due to these reasons, CWatM should classified as a GHM. However, we agree 

with the reviewer that our application is actually a basin scale. In fact, the main objective of our 

study is to assess the capability of a GHM in replicating historical simulations and future 

projections at a river basin scale compared to a watershed hydrologic model [L66-68]. In the 

revised version, we have added clarifications on the above-mentioned points [L57-58 L66-67, L111-

112].     

Related to this, it may be interesting to also include how well a model performs (or, how well the 

two models perform) for this basin when not specifically calibrated as a comparison, i.e., as a 

counterpart to the benchmark of the calibrated WHM. 

The reviewer made an interesting suggestion to compare uncalibrated models as an additional 

benchmarking exercise. However, the performance of an uncalibrated model will depend on the 

set of uncalibrated parameters used, as the model with one set of uncalibrated parameters could 

produce totally different results compared to the model with another set of uncalibrated 

parameters. Due to this reason, we do not think comparing calibrated and uncalibrated model 

results will provide a fair assessment of the model’s capability, and decided not to include in this 

study.  

Furthermore, I see a general challenge in how the calibration process was designed: According to 

Table 1, the calibration of the VIC takes the NSE, LNSE, and VB into account, while the CWatM is 

calibrated on the KGE. In my opinion, both models should be treated analogously during the 

calibration process, i.e., calibrated on the same objective function. Currently, the different criteria 

during calibration lead to additional uncertainties regarding the differences in model performance 

that can be avoided when the same criteria are used. Except if there is a reason for the different 

treatment of the two models (that should then be stated clearly, and the effects on the results 

should be included in the discussion), one of the model calibrations needs to be repeated with the 

objective function that was used for the other model. All analyses should then be based on those 

results. 

With regards to the reviewer’s suggestion of using the same objective function for an analogous 

calibration of both models, we would like to clarify that we used the calibrated VIC model with 

three objective functions (NSE, LNSE and VB) to keep the model projections in this study 

consistent with our previous study  (Shrestha et al., 2019). We calibrated CWatM by using the KGE 

objective function (which is a combination of correlation, bias ratio and variability ratio),  to keep it 

consistent with the calibration design for a typical calibration setup by the model developers 

(Burek et al., 2020). While we agree that the use of different objective functions could add to some 

uncertainty, we would like to note that the selection of an objective function is only a part of the 

challenge for model calibration. More importantly, several different parameter combinations within 

a chosen model structure could yield similar performance due to model equifinality (Beven, 2006).  

Given this unavoidable challenge, we took additional steps for selecting the “best parameter sets” 

from the calibration runs.  Specifically, we ran the NSGA-II calibration setups for both models at 



least three times and considered the models’ ability to simulate peak flow, low flow and water 

balance by visualizing streamflow hydrographs and annual water balance obtained from top 

parameter sets from each calibration runs. We used the modeller’s judgement for selecting the 

“best parameter set”, which is not necessarily the parameter set with the best score for one of the 

objective functions considered. The effect of this additional step can be seen in the performance 

the two models for the Liard-UC station over the calibration period. Specifically, although the 

CWatM model for this station was calibrated by using the KGE objective function, the KGE 

performance for the selected CWatM model parameters is inferior to that of VIC (KGE was not used 

for VIC calibration), while the NSE and LNSE (used in calibration of VIC but not CWatM) 

performances of CWatM are similar to VIC. Thus, our calibration can be described as automatic 

calibration supplemented by the modeller’s judgement. We did not provide these details in the 

original version of manuscript, because model calibration is not the main focus of our study. 

However, we agree that it will be beneficial to add some details on calibration. In the revised 

version, we have added a paragraph detailing the calibration steps [L184-193] and added an 

explanation regarding the influence of model selection on model performance [L238-243]. 

Specific comments 

 In lines 115-116, consider including the paper by Hanus et al. (2024, 10.5194/gmd-17-5123-

2024) on coupling the CWatM with a glacier model as an example how the CWatM should 

become more feasible for the application in cold regions. 

Thank you for the suggestion, we have referenced this study, and stated that the coupling of 

CWatM with a glacier model makes it for suitable for cold-regions applications [L115-116].  

 Between Sect. 3.2 and Sect. 3.3, I am missing some information on how the models were 

calibrated. This information is available in Table 1, but it would be helpful to at least have a 

remark on where to find this information between the explanation on the forcing data and 

the evaluation methods. 

As discussed above, we have added a paragraph outlining our calibration steps [L184-193].   

 When providing the reader with the model performance results (currently Table 3), it will be 

important to indicate which of the performance measures were used in the calibration 

process, i.e., which of the measures were optimized (see general comment on the different 

objective functions). 

We agree with the reviewer, and we have added a sentence outlining which performance 

metrics used as objective functions in the calibration of each model in Table 3 heading.  

 Please include the black square in the legend in Figure 3. Please also add in the caption of 

Figure 3 what the different datapoints per column, colour, and symbol (e.g., the different 

purple triangles in the same column) refer to. Furthermore, in Figure 3 consider to: not 

capitalize “temperature” and “precipitation”, add a space before “°C” in the legend, and 

write the name of the SSPs consistently in the text (lines 155 and 196), in the caption and in 

the legend. 



We added a black square indicting “Median” in the legend, The symbols and colors used are 

clearly indicated in the figure legend. We have revised the caption to clarify that SSP2-4.5 and 

SSP5-8.5 are presented together in one column. Additional changes, including not capitalized 

“temperature” and “precipitation”, a space before “°C” in the legend, and consistent naming of 

the SSPs have been made in Figure 3 and Figure 3 caption. 

 Please include in the caption of Figure 5 that you did not include the summer months on 

purpose (I assume because they are not interesting regarding the SWE). 

We have added an explanation in the Figure 5 caption that July to September months are not 

shown because SWE values are very small. 

 Currently, Sect. 4 is entitled “Results and discussion” and Sect. 5 is entitled “Discussion 

and Conclusions”. Please make sure that you clearly indicate where your results are 

discussed. I suggest you to follow the common standard of first presenting your results 

(Sect. 4) and then discussing them (Sect. 5), i.e., to move all discussion parts currently 

included in Sect. 4 to Sect. 5 and thus have only one comprehensive discussion. 

Concluding remarks could be added to Sect. 5 (“Discussion and conclusions”) or as a 

separate Sect. 6. 

It was our intention our to provide “Results and discussion” together in section 4, and 

“Summary and conclusions” in section 5, and we structured the sections accordingly. It was an 

oversight on our part that section 5 was mistakenly entitled “Discussion and conclusions”. We 

have changed the heading for section 5 to “Summary and conclusions”.  

 The study is based on one basin only. This has the advantage that detailed analyses are 

possible, and different processes (as opposed to only model performances regarding 

streamflow simulation) can be considered. This is nicely done in the manuscript. However, 

thanks to the growing computational power, model comparison studies can nowadays 

rather easily be based on a larger number of catchments. Such studies have the advantage 

that the results are more robust and can be generalized, as the variability between different 

catchments can be obtained. In a study with only one catchment, this is not possible. 

Please add this in the discussion, i.e., make sure to emphasize that it is likely possible that 

the results are different in other application cases. 

The reviewer raised an important point regarding generalization of the results, given our study is 

focussed on a single basin. Although our study basin Liard is large (about 275,000 km2), and 

consistent results for both upstream and downstream subbasins improve confidence in our 

results, we agree that broader generalization to other regions may not possible. Furthermore, 

our results are specific to the calibrated CWatM GHM and not representative of the capabilities 

of other GHMs.  We have clarified these points in the conclusions section [L438-441]. 

Technical suggestions 

 Consider including axis labels, a north arrow, and a scale bar in Figure 1. 

We have added “N” and “W” to the axis labels of Figure 1. We have avoided showing north 

arrow and a scale bar because they are not accurate over the large region. Specifically, the 



scale is only correct along the standard parallels, and north direction is variable due to curved 

latitudes. The latitude and longitude shown provide map orientation and scale.   

 For consistency, in the title of Sect. 3 “Models, Data and Analyses”, the terms “data” and 

“analyses” should not be capitalized. 

Changed as suggested [L101]. 

 I agree with the first reviewer that a common unit for the different entries in Table 1 would 

make comparison easier. I suggest to add this as a complement to the units that are given in 

this table now (i.e., also keep the units that are given with each dataset). 

We agree with the reviewer, and we have added additional units (in brackets), so that they are 

comparable for a specific geospatial dataset [Table 1]. 

 In the column “spatial resolution”, for VIC, the word “for” before “snow” seems to be 

missing. 

Changed as suggested [Table 1]. 

 In Sect. 1 and Sect. 4.1, for example, you use “x” as a sign for multiplication, in Sect. 4.5 you 

use “*”. Consider changing this for consistency. 

All “*” changed to “x” [L392-393]. 

 For all occurrences of the colour-bar legends (median change and model agreement), 

consider replacing the term “model agreement” with “GCM agreement” to avoid confusion 

with the agreement of the two models VIC and CWatM. 

We agree that the term “model agreement” can be confusing. We changed the term to 

“ensemble agreement” [in all figure legends and text] because we have same GCM from SSP2-

4.5 and SSP5-8.5 in one ensemble, and the term “GCM agreement” can be confusing as well.  

 The Oxford comma is not used consistently, this could be improved. 

We used Oxford comma sparingly, for example when listing phrases, and when there are 

multiple conjunctions in a list.  We went through the manuscript to make its use more 

consistent. 

 Consider including the full term in addition to the abbreviation when using an abbreviation 

in a Figure or Table caption (as you did it for example for “GWL” in the caption of Figure 4). 

We went through all Tables headings and Figure captions and added full terms for 

abbreviations where appropriate [Figs. 3], without being too repetitive, and avoiding full terms 

for obvious abbreviations, e.g. GCM, SSP. 

 Considering the facts that there are already many abbreviations in the manuscript and that 

you do not make use of the abbreviation “LRB” very often, I recommend that you do not use 

an abbreviation for the Liard River basin at all. Similarly, for “GEV” abbreviating “generalized 

extreme value”: After introducing this abbreviation, it is not used anymore, so I would leave 

it away. 



We have removed “GEV” abbreviation [L222]. However, LRB is repeated 11 times in the 

manuscript and we prefer to keep it to avoid wordiness.  

 You sometimes use “()” around units in Figures and sometimes “[]”, this may be improved 

for consistency. Similarly, you should use “s” instead of “sec” as an abbreviation of 

“second” and potentially also decide for either “discharge” or “flow” in the different plots 

showing discharge or flow values. 

All “()” changed to “[]” in the figures, table and text. “s” is now used to abbreviate “second” 

consistently, and the term “flow” instead of “discharge” is used [all figures]. 
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