
Dear Editor, 

First of all, we would like to thank you, the Editor, and the two Reviewers once more. As in the first 

round of the review process we tried to implement and correct as many of the suggestions and 

comments of the two reviewers in our revised manuscript as possible. We reformulated our hypothesis 

and added several smaller text passages for a better explanation. However, quite a few of the comments 

of the two reviewers are related to the data quality and problems of different measurement 

technologies. While we do believe that this is an important issue we also believe that a detailed 

discussion and correction of for example the soil moisture measurements is beyond the scope of this 

manuscript. In our work we wanted to show how we can use such an extensive data set in a modelling 

study even though we know that it is obviously limited by various sources of uncertainty. Nevertheless, 

as we think this discussion is important we tried to answer all comments from the two reviewers in more 

detail below. 

I hope you are satisfied with our revisions.  

On behalf of the Co-Authors  

Yours sincerely  

Ralf Loritz 

 

Soil water retention curve and soil moisture data 

Reviewer 2 Figure 11: It seems the model systematically overestimates soil moisture—being above the 

range of all observations in some cases. The measured moisture-retention curves you present in a figure 

are notable in that the porosities seem very high (>0.6). I’m wondering if, under the wettest observed 

conditions, you ever see volumetric water content measurements as high as that in the field? Figure 11 

suggests your field observations of volumetric water content almost never exceed 0.4. Any chance there 

is some bias in those lab-measured moisture retention curves toward excessive porosity? If so, and if you 

reduced the porosity parameter in your model (which is based on those lab measurements), your 

simulated time series of soil moisture should come down closer into the range of what you observe in the 

field. 

Answer: You are absolutely right with your observation that the field monitoring data does not 

correspond well to laboratory measurements - especially at high saturation. Moreover, we fully agree 

that reducing the measured "excessive porosity" would enhance the model fit greatly. However, for the 

Colpach catchment, the soils exhibit a combination of high porosity and high retention capacity. This is 

mainly due to inter-aggregate voids which are rarely saturated under field conditions. For the 

Wollefsbach basin high porosity values are the result of swelling clays and organic matter. Again, such 

conditions are very rare under natural conditions. So the question you are raising concerns the 

transferability of laboratory measurements to field conditions in general. Moreover it concerns the 

representativity of point-scale soil moisture measurements with capacitive sensors. Both are subject to 

much more research and debate outside the scope of our manuscript. 



We thank you for this comment and add the sentence: 

The obvious mismatch between the observed moisture maxima and the laboratory measurements could 

justify a reduction of the porosity parameter in the models which would lead to even better fits. 

 

Reviewer 2 17. Page 25; line 771: It’s hard to image this being a problem consistently for so many 

probes. If you wet the soil and compress it around the sensor before installation, you normally have 

sufficiently good contact to avoid major errors due to air space. Also, the soil always shrinks and swells 

somewhat during wetting and drying, so voids that might exist due to disturbance during installation 

should become compressed in fairly short time. 

Answer: We are very happy about the debate you are proposing. This is definitely a field of research we 

are dealing with. However, we have a different experience (Zehe et al. 2010). In case of cracking soils 

sensors might further more lose contact to the matrix due to shrinkage and swelling. This is the result of 

a more general problem of the estimation of soil water content based on measurements of the dielectric 

permittivity of the soil-water-air system. As long the sensors are in the unsaturated zone, soil water is 

mainly transported to the sensor diffusively. Entrapped air will not be filled with water in such cases. 

Given sufficient drainage through macroporous structures, this is a methodological bias of the devices 

leading to underestimation of the true values. Another issue we found in a sensor comparison study is 

that all sensors require in-situ calibration for reliable absolute values. The used Decagon EC5 sensors 

have a tendency to soil moisture underestimation based on the standard calibration. 

 

Reviewer 2 Page 25; lines 767-770: Again, regarding your moisture retention curves, in the model I see 

you parameterized them with n values of near 1 within the Mualem-vanGenuchten hydraulic model. That 

is an exceptionally low n value, and will result in very strong suction pressures even under relatively small 

declines in volumetric-water content. Possibly worth looking back at that parameter selection (also see 

comment 11 above). 

Answer: We revised the parameter identification based on laboratory data by using different soil water 

retention models and by simultaneously fitting soil water retention and unsaturated hydraulic 

conductivity. In the previous version of our manuscript, there was an erroneous value given in the table 

1 for the n value of the Colpach. However, the employed values in the modelling were correct as now 

given in table 1. We apologize and you are right, that we have rather low n-values. But this is the result 

from the laboratory analyses which we take as basis. 

 

Reviewer 1 L561-3: Maybe I missed it, but how were the infiltration fluxes treated during the winter 

periods on the soil surface boundary (atmospheric boundary condition)? How was snowmelt determined? 

Answer: CATFLOW has no snowmelt routine neither can it handle frozen ground. We discuss this 

shortcoming in the lines 548-554; 561-563 as well as in the appendix. We apologize that this was not 



clear and added that CATFLOW has also no routine to treat frozen soils in the manuscript. This is 

definitely a shortcoming of the chosen hydrological model. 

 

Reviewer 1 L622-5: This might be also explained by the calibration curve used to obtain soil moisture 

data. No information on this was given. It is very unlikely that permanent wilting point was reached 

during the winter period. 

Answer: The sensors are used based on the standard universal soil calibration employing the Topp 

equation. Although we agree that there is room for debate and improvement, it is out of the scope of 

this manuscript. 

 

Reviewer 1 L483-4: Can you provide individual flow contribution (overland and subsurface) to 

hydrograph? 

Answer: We added the following sentence: 

In both catchments subsurface flow is with 99% in the Colpach and with 94% in Wollefsbach the 

dominant form of simulated runoff. 

 

Reviewer 1  L273-4: Was ERT surveying performed also in marl area? Perhaps not, please explain the 

reason. It would be good to have ERT representation from both areas (hillslopes). 

Answer: Thank you for this comment. We added the two following sentences. 

Due to the very different geological setting in the marl region (high clay content and alternating 

sedimentary layering), we could not establish a relation between bedrock depth and the electrical 

conductivity data for this region. Therefore, the available ERT data do not provide information on depth 

to bedrock for this geological setting and we had to rely on auger profiles to estimate the average soil 

depth. 

 

Calibration or inverse optimization 

Reviewer 2: If you have a lot of spatially-distributed information about the geology and soil-hydraulic 

properties in a catchment, can you parameterize a high-dimensional, spatially-distributed model (without 

any calibration or inverse optimization) to accurately represent water flow within a single 2-d hillslope, 

based on that existing knowledge? 

Reviewer 2 Page 15; line 476: Can you explain further what exactly was done here? It seems one of the 

key points of your paper is that you don’t use inverse optimization procedures to defined best parameters 

for your model. Rather, you develop all your parameter sets based on measurement or perception. When 



you say that both hillslopes were setup in a few “test simulations”, does this mean that you actually did 

optimize the parameters based on iterative simulation results and your error metric? 

Answer: We did not do any classical automatic parameter allocation were we run the model several 

times and tune the parameters according to an error metric automatically. However, for example in the 

Wollefsbach catchment we saw that our first model did perform unsatisfying in the summer and as a 

result increased the amount of vertical macropores based on the results we had from dye staining 

experiments (Figure 4) and from our first model results. This is what we mean with a few test 

simulations. This procedure can also be claimed as manual calibration (I would personally not use the 

term optimization). We hence write in our study that we do not use an automatic parameter allocation. 

We apologize if this was unclear and added an additional sentence. 

Within those trials we compared for instance setups without and with an arbitrary selected density of 

macropores but we did not perform an automated parameter allocation as stated above. 

 

Sap flow 

Reviewer 2 Page 10; lines 314-317: Why do you use this proxy instead of actual sapflow [L3 T-1]? You 

have the radially-distributed measurements of heat dissipation across the xylem tissue, so you apparently 

have what you need to integrate and get reasonable volumetric flows. So why do you use this proxy? 

Also, you say you use a 12-h daily mean. Mean of what exactly, hourly-maximum velocities, or something 

else? It’s not clear what you’re averaging. I encourage you to put these calculations in equation form and 

report the dimensions, so this is all completely clear to the reader. 

Answer: We apologize, we used the 3 days rolling mean of the daily sap flow observations and not the 12 

hours rolling mean (It was correct in the subtitle of Figure 12). Additionally we added the reference of 

Hassler et al. 2017 to the manuscript. In this work they explain in more detail how they took those 

measurements and why they are not using the actual sap flow. 

We added the following sentence: 

To represent the daytime flux, we use 12-h daily means between 8am and 8pm. For further technical 

details on the sap flow measurements see Hassler et al. (2017). 

 

Reviewer: 12. Page 20; Section 4.4 and Figure 12: I would recommend that you just omit this section and 

Figure 12. From the double mass curves it is clear that your model is reasonably approximating the 

catchment water balance at daily to seasonal time scales. Implicitly this must mean that your 

transpiration routine is approximately correct. Looking at these time series doesn’t add anything for me. 

For one, even though you have normalized both variables, the comparison is still possibly confounded. 

The total water storage within tree stems can change (tree physiologists regularly measure this). You 

could have similar measured flux on two days, but slightly different volumetric flow out of the leaves 



(transpiration), if on one of those days part of the flux contributed to storage change wtihin the stem, 

rather than direct discharge from leaf to atmosphere. Also, it remains unclear exactly how you derive 

those daily flux estimates. Providing equations might help clarify, as noted in previous comments. 

Omitting this section and figure would also shorten the paper a bit, which I suspect will increase your 

readership. You have good depth of content even without this section and figure—to me it’s just a 

distraction. Your decision though. 

Answer: When we compared one of our first model setup with a pre-defined vegetation parametrization 

with the sap flow observation we clearly saw that the transpiration routine was badly parameterized 

even though the annual mass balance was already simulated rather well. We also could see that the 

temperature index model we used to improve our vegetation routine did a good job in identifying the 

bud break of the dormant vegetation. This shows how much potential lies in these kind of measurements 

for hydrological modelling when transpiration is the most important flux in the catchment. 

We added the following sentence: 

For example, based on the comparison with sap flow velocities we were able to evaluate if the bud break 

of the dormant trees was specified correctly by the temperature index model of Menzel et al. (2003), this 

was not the case when using the default and pre-defined vegetation table of CATFLOW (not shown). 

 

Hypothesis: parsimonious model structure  

Reviewer: 13. Page 21; lines 638-640: Here, as well as where you discuss your hypothesis in the 

introduction, you’re referring to a “representative hillslope” as the “most parsimonious representation” 

of a catchment. I think you should reconsider the phrasing. Your model is not too parsimonious—it’s fairly 

complex. A transfer function in an instantaneous-unit hydrograph approach would be much more 

parsimonious, and might predict time series of streamflow, and the double-mass curve, equally well. As I 

noted regarding your stated hypothesis, you haven’t really examined other null or alternative hypotheses. 

I think it is more appropriate to say that you “tested the hypothesis that a representative, 2-d hillslope—

conceived and parameterized based solely on observations—can reasonably embody all the pedological 

and geomorphic complexities that control streamflow generation at the whole catchment scale.” To 

support your claim that the hillslope is “the most parsimonious representation of a catchment”, you 

would have needed to compare this representation to some others, but that wasn’t done here.  

Answer: Again you are right and we changed “most parsimonious” to “parsimonious”. Thank you for this 

comment. Nevertheless, I would not call a Richards-equation-based model with an evapotranspiration 

module and overland flow routing module complex (maybe the math behind it) but this argument is not 

the scope of this study. 
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