Comment of the Associate Editor

Dear Authors, there are a lot of important and critical matters raised by the reviewers and so
considerable developments of the paper will be necessary. It seems from your reviewer responses that
these will be forthcoming and that the suggestions from the reviewers will be taken on board. However
we will need a further review round and I will be looking in detail at where the manuscript is in terms of
it's scientific merit and critical analyses. | look forward to the revised manuscript in due course, best
wishes, Jim

Dear editors,
Dear Jim,

After an inexcusable delay of almost one year, please find enclosed the substantially revised version of
our manuscript. The revised manuscript now contains a completely new section “Experimental work and
hydrograph separation” that describes the test site, the discharge measurements, the water sampling &
chemical analysis, and the derivation of the end-member contributions adding 10 pages and 5 additional
figures to original version of the manuscript.

In addition, following the comments of the two referees, 14 new references were added, the 2,000,000
model realisations were repeated in order to calculate six additional performance metrics for discharge
(see revised methodology and newly written Sl), and changes to the threshold of KGEQ and FHS/FGW
were applied in order to explore the decency of our results on their rather subjective selection.
Furthermore, we most of the specific comments and explained why some of them were not considered.

Please find below a detailed point-by-point response to all remarks.

Overall, we want to thank you and the two referees for their constructive and helpful remarks that helped
to improve the completeness and soundness of our study. With the applied changes, and after another
round of revisions, we hope that the manuscript can be considered for publication in HESS.

With best regards,

Andreas (on behalf of Luisa and Jean-Lionel



Comments of Referee #1

Reply to comments by referee 1 (Prof. Dr. Birkel) on the manuscript “Incorporating experimentally derived
streamflow contributions into model parameterization to improve discharge prediction” by Hartmann et al.
The referee’s comments are provided in ITALIC, our response in regular style.

| had the pleasure to read the paper “Incorporating experimentally derived streamflow contributions into
model  parameterization to improve discharge prediction” published in HESSD under
https://doi.org/10.5194/hess-2021-179 by Hartmann et al. The paper is generally well-written and the quest
for reducing model uncertainty and increasing model realism is of interest to the HESS readership. | found
the combination of a relatively simple conceptual rainfall-runoff model constrained by observation-based
water source contribution estimates worthwhile and adequate to respond the research questions asked.

1. Thanks a lot for your positive assessment

Having said that, | have some comments and suggestions that | put forward for the authors to consider:

- While | appreciate the tracer sampling effort and new data from a lesser known study site, the paper
structure does not reflect this at all. The mixing model and some mentioning of the tracer data used appears
in the study site description even with the results of the water source contributions. | strongly suggest to
separately put these into the methods and later into results assuming this data and analysis was not
previously published (no reference suggests this!). Furthermore, it would be instructive to actually see some
of this data to get a notion of the space-time variability, e.g. in form of a bi-variate plot since the water
source estimates are crucial for the analysis. | also wonder why no throughfall end-member was included
in the mixing model and if the 20% margin for FHZ and FGW used to accept/reject models is based on an
uncertainty estimate of the mixing model results (none are presented in Table 1)?

2. Thanks for this suggestion (which was also given by referee #2). Following this advice, we re-
structured the manuscript to provide a complete section of the experimental work including
fieldwork, sampling, hydrochemical analysis and derivation of streamflow contributions including
respective figures. After that, we present the revised modeling part. The new structure is set as
follows (or very similar):

1. Introduction (as it is now)

2. Experimental work and hydrograph separation

2.1.  Test catchment

2.2. Discharge measurements

2.3. Water sampling and chemical analyses

2.4, Deriving end-member contributions to streamflow
2.5.1. The hydrograph separation procedure

2.5.2. Tracer time series in streamflow

2.5.3. Characterizing the tracer signature of the end-members
2.5.4. A switch in end-member contributions during the main monsoon period
3. Modeling work - Methods

3.1. The model



3.2. Step-wise parameter estimation and quantification of information content of observations
3.3. Quantification of uncertainty of simulated model internal fluxes and discharge

4. Results

4.1. Step-wise parameter estimation and quantification of information content of observations
4.2. Quantification of uncertainty of simulated model internal fluxes and discharge

5. Discussion (structured as is right now)

3. The hydrological response of the catchment to the onset of the monsoon rainfalls suggested the
delineation of four periods. Discharge behaved in a very specific way before, during and after the
monsoon rainfalls. These four periods facilitate the description of the hydrologic response. The
water chemistry data in streamflow and sampled end-members, however, did not allow a separation
into these four periods. Due to the observed stream water chemistry being relatively stable during
the pre-monsoon and wet-up periods (indicating one water source) and the strongly varying tracer
concentrations in the end-members during these first two periods, the hydrograph separation
procedure could only be applied for the main monsoon period and the drying-up. Otherwise, the
assumptions for hydrograph separation would have been violated. For the pre-monsoon and wet-
up period, we conclude that streamflow was dominated by groundwater contributions. The
methods, results, and discussion were adapted accordingly. The methods, results, and discussion
were adapted accordingly.

4. A throughfall end-member was not applied because on the daily field visits during the sampling
period, overland flow was never observed. We therefore did not expect throughfall, i.e. new water,
to contribute directly to streamflow. As per our observations, the generation of streamflow was a
result of subsurface flow processes and, thus, we only considered subsurface water sources as end
members.

5. A margin for Fus and Few Was chosen because of previous studies that highlighted the uncertainties
going along with hydrograph separation (e.g., Genereux, 1998). Since particular estimates of
uncertainties of previous hydrographs separations at other sites are difficult to transfer, we found
the final value of 10% through a trial-and-error procedure within realistic ranges based on the
uncertainties found in previous studies. Please note that this value was set to a stricter value in the
revision compared to 20% in the original manuscript due to the consideration of only two monsoon
seasons. We clarified this in the revised manuscript (see subsection 3.2 in the revised manuscript):

“The relatively large value of 10% was chosen because of the uncertainty of the end-members (as
described in subsection 2.4) and previous hydrographs separations (Genereux, 1998). It’s final
value of 10% found by a trial-and-error-procedure, which accounts also for the uncertainties arising
simplifications in our simulation model.”

- The fact that throughfall was sampled made me wonder about the importance of interception at this
forested catchment and the effect it might have on the modelling since this is not included in the model
structure. | also have a bit of an issue with the model structure itself and how the storage outflows are used
to represent water sources: The model is essentially lumped with a vertical two-storage cascade fed by a
soil reservoir that re-distributes the water for runoff generation. Now, | was thinking conceptually that all



the hillslope outflow must feed into the riparian zone and from there runoff is generated that together with
the groundwater flow constitutes streamflow (two end-members only). However, the latter would require a
minimal semi-distributed model structure with two-storages in parallel (hillslopes draining into the
riparian zone) and a third groundwater reservoir. In contrast, your HZ and GW is coming from the same
source (storage V1). I would definitely appreciate some more explanations here.

6. Interception will certainly play a role in this forested catchment. However, during the monsoon
period, which is our main focus and our main sampling period, the events are characterized by high
intensities (daily rainfall during the monsoon period on the days with rainfall mostly between 20-
125 mm). Under these circumstances, the relevance of interception in relation to the rainfall
reaching the ground surface is expected to be small. Therefore, we did not represent the process of
interception in the model.

7. The model structure implemented in this study is based on the conceptual understanding of the
mutual dynamics of the hillslope, the riparian zone and the groundwater. Fast flow in the hillslope
is triggered when groundwater levels exceed heights that correspond to an effective groundwater
storage of Uew (maximum groundwater storage in the hillslope [mm], see Table 1 in the revised
manuscript). This model process represents conceptually the impact of rising groundwater levels
on lateral transmissivities that allow fast-saturated flow down the hillslope towards the riparian
zone. This is now clarified this in subsection 3.2 of the revised version of the manuscript.

- My main concern however, is that the paper falls a little short in terms of the analysis related to many
assumptions that are currently not sufficiently justified. For example, the choice of the KGE statistic that
clearly influences the validation of mostly low flows in 2014, which is almost unfair as there is visibly no
information content in these measurements. Without tracer measurements for 2014 it almost bags the
guestion of why 2014 was included in the first place. The threshold of KGE>0.8 to accept models seems
arbitrary. All three recession constants have the same initial parameter limits, but you would certainly
accept a slower response of the groundwater reservoir outflow. Or you could think of fixing the
groundwater recession constant based on a Master recession curve such as suggested in work by
Hrachowitz et al. On the importance of the modeler’s choices. As a matter of fact there is more literature
on previous work (you could potentially cite) that attempted to reduce parameter uncertainty through
constraining parameters with additional information such as tracers that did not necessarily included the
need for more model complexity in terms of number of parameters. |1 would therefore suggest to try and test
different statistics to see how they perform and apply the different criteria for model parameter selection
also to the full 2 million parameter sets for a more comprehensive assessment of information content.
Furthermore, throughout the paper you suggest quantitative assessments of information content,
uncertainty in the context of a likelihood-weighted uncertainty estimate (GLUE), parameter identifiability
and sensitivity, but this was not really done. Here, | would suggest to consistently use terminology and
maybe provide some quantitative analysis such as e.g. a Shannon criterion for information content and/or
a sensitivity metric such as Sobol and/or a measure of the width of the likelihood-weighted uncertainty
bound used for prediction. With that you more comprehensively support your interpretations and allow the
reader to really assess your statements in the discussion and conclusion.

8. Thank you for these very helpful remarks. Unfortunately, only two years of observations were
available with 2013 the only year, for which streamflow contributions could be calculated. Hence,



10.

11.

we decided to use the 2014 monsoon for evaluation only. Since it is much dryer that 2013, we
consider the evaluation more rigorous (at least for the simulated discharge) and still consider the
rather low values of the validation KGEq (0.02 + 0.34) still acceptable allowing to conclude that
including the streamflow contribution during the calibration year provides more stable predictions
compared to using discharge for calibration only (which lead to a validation KGE of only -0.98 +
1.54). This is supported by the RMSE and logNSE values that indicate a lower simulation error and
a better low flow performance for 2014, respectively. This is now clarified in the revised version
of the manuscript at the (end of subsection 5.1).

Concerning our selection of KGE > 0.8, we relied on previous work (e.g, (Hartmann et al., 2017).
To analyse the sensitivity of our results to the selection of the two thresholds (KGEq < 0.8, and Frs
and Few £ 10%), we relax their values and repeat the analysis two times. Once with KGEq < 0.5
(and Fus and Few + 10%), and Fus and Few + 20% (and KGEq < 0.8). A stricter threshold was not
possible as no more parameter combinations would remain. In addition, we used error measures
different to KGE as also recommended by the referee. They include the Nash-Sutcliffe efficiencies,
the logarithmic Nash-Sutcliffe efficiency, the Root Mean Squared Error, and the individual
components of the Kling Gupta efficiency (bias, variability and correlation). These new
methodological aspects are explained in the updated methods section (subsection 3.2 and the newly
created supplemental information). The new results are presented in table 1 and the Sl of the revised
manuscript.

We now provide a more complete literature review on studies that attempted to reduce parameter
uncertainty through constraining parameters with additional information such as tracers in the
introduction (section 1), the Experimental work section (section 2) and the Discussion (section 3)
of the revised version of the manuscript. In total, 14 references were added (Klaus and Jackson,
2018; Ledesma et al., 2018; Bishop et al., 2004; Cirmo and Mcdonnell, 1997; Bergstrom et al.,
2002; Birkel et al., 2014, 2011; Capell et al., 2012; McMillan et al., 2012; Holmes et al., 2022;
Stadnyk et al., 2013; Uhlenbrook and Leibundgut, 1999; Mayer-Anhalt et al., 2022; Yang et al.,
2021).

We also double checked and correct usage of terms like “information content”, “sensitivity
analysis”, “uncertainty analysis” to provide a clear and consistent terminology throughout the
paper. Most explicitly, we removed the terms “information conetcnt” and “sensitivity analysis”
from the text. In the new manuscript, we consistently refer to “parameter identifiability, “simulation

uncertainty”, and “usefulness of different data types”.

- Figure 5 is quite hard to interpret and | suggest to use a log-scale for streamflow visualization.

12.

We uses log-scale in the revised paper (see new Fig. 10).

- There are some occasions in the paper where you wrote “be”, but I think it should be “by”.

13.

We double-checked the manuscript for this typo and removed it where necessary.



For the above reasons, | would recommend major revisions before potential publication of this paper.

Sincerely,
Christian Birkel

Comments of Referee #2

Reply to comments by referee 2 (anonymous) on the manuscript “Incorporating experimentally derived
streamflow contributions into model parameterization to improve discharge prediction” by Hartmann et al.
The referee’s comments are provided in ITALIC, our response in regular style.

This is a well-written and interesting manuscript, although it mostly confirms what has been known for
quite a while: Most hydrological models do a reasonable job in predicting water fluxes, but are pretty bad
at quantifying source contributions. Rainfall-runoff modelling is “easy”, because it converts a known
rainfall input to an output of streamflow (with some modifications and buffering). Thus, a model may be
able to predict a streamflow response, but that does not mean that the processes are inferred correctly
because they cannot be constrained with the available hydrometric data (I believe that this was discussed
in a commentary by James Kirchner in 2006, for example, but there are others, including those cited in the
discussion section of this manuscript). This manuscript does have value, as it assesses this question rather
systematically, and without increasing the dimensionality of the model substantially. However, a more
thorough description of the state of the art should be included in the introduction.

1. Thank you for your positive assessment. Also following the comments of referee #1, we included
a more comprehensive literature review in the introduction (see our response 9 above).

I also want to echo the comment made by the first reviewer, regarding the lacking description of the tracer
data. Having more information on solutes and isotopes collected is essential to be able to assess the validity
of the approach. How many samples were used to quantify the end-member concentration for each period?
What is the analytical uncertainty? These are important questions and would allow assigning uncertainties
to the calculated end-member contributions (Table 1), which are currently lacking. I noted the reference to
Payeur-Poirier, but some of the information is important enough to be repeated in this manuscript. The
contributions from different end-members can be highly uncertain, but whether this uncertainty can be
captured depends on the type and amount of sampling. It appears to me (but | cannot be certain since the
information is not provided) that only one sample was used to quantify the end-member concentration of
each period (and hence the lacking uncertainty in end-member contributions). This is rather problematic,
because spatial variability in concentrations within the same end member can be large (for example,
Kendall et al., 2001). Considering the changes in vegetation in the catchment (from coniferous trees in the
lower parts to deciduous trees in the upper parts) it is likely that soils and weathering profiles differ, and
that shallow groundwater concentrations are thus heterogeneous in the catchment.

2. Following these recommendations, and the recommendations of referee #1, a more comprehensive
description of the hydrograph separation and the collected samples is provided in the revised
manuscript (see our response 2 above).



Finally, if I understand the manuscript correctly, only the hydrometric part of the model was validated,
because only streamflow data was available for the validation period, but no tracer data and thus no end-
member information. If this is the case, this is a major caveat, and should be pointed out clearly in the
manuscript. This means that you can tune the model to re-create the observed end-member contributions,
but there is no certainty whether it can actually predict the processes occurring. (Being modellers, | am
certain the authors understand the implications much better than me)

3. This is correct. But we consider the evaluation of the discharge prediction skills of the model still
valuable because it shows that, when streamflow contributions are used for calibrations, the
model obtains a better stability of discharge simulation performance and reduced uncertainty of
streamflow contributions compared to the simulations by the model calibrated by discharge only.
Please also refer to our response 7 to the third general comment of referee #1. This is now
clarified in subsection 5.1 of the revised manuscript.

Specific comments:

Page 1, line 21: “using a simple framework” Can you be more specific here? This leaves the reader
wondering what was done. Something like “Using a modified version of the HVB model” might be better.

4, The specification was added to the abstract.

Page 4, line 11: This is the only place where you mention sulphate. Why was it not used for the further
analysis?

5. Admittedly, the original manuscript provided too condensed a description of the tracer experiments.
In the revised version, the section on the experimental tracer work in the test catchment was
considerably expanded, also clarifying (and justifying) that electric conductivity and magnesium
were used as tracers for hydrograph separation (see section 2 in the revised manuscript and our
response 2 to referee #1).

Page 4, line 17: the fourth assumption of conservative behavior is rather dubious for some of the tracers
(e.g. nitrate), that may behave quite differently along different parts of the flowpaths, depending on the
absence or presence of oxygen. This should be pointed out.

6. We absolutely agree. Please refer to our previous response on expanded description of the fieldwork
and selection of tracers for hydrograph separation.

Page 5, line 1: (1) If you had sufficient samples to calculate a mean, you could also quantify the uncertainty
of each end-member contribution. (2) | question the approach of using mean endmember contributions.
Figure 5 shows highly variable end-member contributions during some of the periods, casting doubt on the
validity of using mean values. Why did you not simply assigh endmembers to sampling times and fit to that,
rather than artificially defining different periods?

7. The repeated sampling of the end members over the sampling period revealed that the time-
invariance of end members was not given (see new section 2.4 of the revised manuscript). We



attributed this to the pronounced change in hydrological boundary conditions during the monsoon
season, with an increase of discharge by almost three orders of magnitude. The discharge response
of the stream as well as hillslope soil moisture time series in three different depths clearly showed
four distinct response patterns, and thus, we used these periods also for the derivation of mean end
member concentrations. New Figure 5 (Pxx in the revised manuscript) show the uncertainty of the
different end-members. But as elaborated in our response 4 to referee #1, we found the final
threshold of 10% for accepting or discarding parameters set by the streamflow contributions
considering typical uncertainties identified by previous studies and trial and error, which accounts
also for the uncertainties arising from model simplifications. This is now clarified in the revised
subsection 3.1.

Page 6, line 14: “the first storage” Is this actually correct, i.e. is it really the reservoir marked “1” in
Figure 2 and not the soil storage above? The description of the model uses the term “soil storage” quite
frequently. 1t would be helpful to identify this (I assume this is the upper box with dashed lines) in Figure
2. Adding a short explanation in the figure caption of reservoirs 1 & 2 might be helpful.

8. Thank you for pointing this out. Indeed, soil storage and hillslope storage have been mixed a bit in
the original manuscript. This is now corrected in the revised manuscript including an updated
sketch of the model structure (Fig. 7 in the revised manuscript) indicating the soil storage explicitly:

Precipitation Actual evapotranspiration

E—B: Fo Ly :
1 1
T 1
L K s Hillslope
[ETr e L Total
u
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Kew Groundwater dISCharge

Page 7 line 17 — page 8 line 2: Do | understand this correctly, that you cannot validate the tracer-part of
the model (because there is no tracer data for the validation period), and thus are only validating the
discharge model? If this is the case, please state so explicitly, as this is a major caveat.

9. Please see our response to the last general comment of this review (and our response 3) and the
third general comment of referee #1 (and our corresponding response 7).

Page 14, line 2: “and streamflow components”. [ assume this refers to end-member contributions. If that
assumption is correct, then this directly contradicts page 8, lines 1-2 where it is stated that for2014, no
tracer data was available. Could you elaborate on what you exactly did during the validation period and
how you assessed the model performance during this period?



10. We meant that for both calibration types discharge simulation performance was inferior to 2013.
We removed the confusing statement from the sentence.

Page 14, lines 18-19: This is not true if you account for the uncertainty in the end-member contributions.

11. Clarified in the revised version of the manuscript; ... no additional uncertainty due to additional
model parameters was introduced...”

Page 16, lines 8-10: “The uncertainty ... show considerable uncertainty...” This sentence is not overly
clear. Also, are you referring to uncertainty or variability here?

12. The language issue of the sentence was removed. The sentence refers to the uncertainty of the
simulated streamflow contributes. Not need to change the wording to “variability”.
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