
Dear Colleague, 

 

Thank you for your review, which will help us improve our technical note. Please find below a 

detailed response to the points you raised: 

 
There exist many pieces of critical confusion and m issing information, including the scientific 
significance and rational, the quality of presentat ion and the potential impacts on the existing 
scientific study.  

1. It seems that the abstract might require more wo rk to gain attentions from potential 
audiences. 

2. It is true that the C-Q relationship has been in tensively studied for a very long time. 
However, the history and existing processes are not thoroughly reviewed in this 
manuscript. For exampling, in addition to the strai ghtforward power-transformation of C-Q 
relationship (Eq. 1 in Ln 25), Moarar et al., 2017 proposed a segmented C-Q relationship to 
detect the change point in long-term C-Q relationsh ips for different ions; Hirsch et al., 2010 
and Zhang 2018 utilized Weighted Regressions on Time , Discharge and Season (WRTDS) 
models to analyze the nutrients export to rivers; Bi eroza et al., 2019 evaluated the variations 
of slopes in C-Q relationships from low-frequency d ata. It is suggested to provide a more 
thorough review of current literature and the resea rch gap. 

3. There is a missing but critical part in the intr oduction: the scientific importance and rational 
of this study. Some questions need to be answered t o proceed the manuscript, including: 
â˘A ´c What is the research gap? â˘A ´c What is the  research question in this area? â˘A ´c 
What is the proposed method or approach to fill the  gap and to address the research 
question? â˘A´c Why does the proposed method have t he potential accordingly? â˘A´c What 
are the potential impacts and output that the propo sed method will generate? 
 

We wanted to keep the abstract short because this is a technical note. We will expand it. 

In the revised paper we will better contextualize the purpose of this technical note. However, we 

want to make it clear that the only purpose of this note is to show that the log-log transformation 

should not be considered as the unique approach to link concentration and discharge Naturally, the 

log-log transformation may be sufficient for some data sets (and this is precisely what we wanted to 

illustrate by the Figure 1 in the introduction). The article does not aim to oppose two methods, but to 

show that the log-log transformation is a specific case of the more general Box-Cox transformation. 

This is why we did not develop the introduction and discuss all the existing research and 

development on this subject. We referred to rather exhaustive reviews and focused on the new 

formula, which we did never encounter in the C-Q literature previously. 
 

4. It is very rare to see a figure in the introduct ion. Please justify the significant importance to 
include a figure here (Ln 36, Figure 1). 
 

Our aim in the introduction was to illustrate the fact that the log-log transformation could be well-

adapted for C-Q datasets. We understand that this can be misleading for the reader. In the revised 

paper, we will remove this figure and replace it by a citation.  
 

5. It might make more sense if section 2-5 to be re -organized. Some of the description of log-
transformed C-Q relationship needs to go to Introdu ction, and some of the materials need to 
re-organized as Materials and Methods. A considerab le amount of materials needs to go to 
Results and Discussion. 

6. Although this technical note focuses on the deve lopment of a method, it is still necessary to 
briefly introduce the dataset used in this note. It  is acceptable to provide a brief summary 
and a citation to the dataset. 

 
We will check the possible formats of technical notes in HESS and re-organize the sections for more 

pedagogy and clarity. We had intentionally introduced the dataset very briefly to avoid any 

discussions other than mathematical. Note also that a long and detailed paper dealing with this 

dataset has been published recently in the same journal (Floury et al., 2017). 

 



 
7. With all due respect, the reviewer did NOT see signi ficant differences among n = 3 to n 

=>∞in Figure 3 and Figure 4. Please first define what the optimal scenario is and then 

clearly indicate how to identify the optimal scenar io, either visually or numerically . 
 

We completely disagree on this point: all the colleagues to whom we showed this figures saw the 

difference. But anyhow, we will add in the revised version the RMSE in Table 1 (see below) in order 

to show the difference between the efficiency of the different formulas. We will add that our 

objective is a straight line. 

Table 1. Coefficient of determination (R
2
) and RMSE calculated for n =1 (no transformation), n = 

optimal value for two-sided power equation and n � ∞ (log-log transformation) for each ion and 

for EC 

ion n R
2
 RMSE 

Sodium 
n  = 1 (no transformation) 0.53 0.75 mgL-1 

n  =  3 (optimal) 0.73 0.66 mgL-1 

n → ∞ (log-log) 0.53 0.83 mgL-1 

Sulfate 
n  = 1 (no transformation) 0.32 2.11 SmgL-1 

n  = 5 (optimal) 0.81 1.38 SmgL-1 

n → ∞ (log-log) 0.77 1.53 SmgL-1 

Chloride 
n  = 1 (no transformation) 0.52 2.30 mgL-1 

n = 3 (optimal) 0.88 1.32 mgL-1 

n → ∞ (log-log) 0.69 2.01 mgL-1 

EC 
n  = 1 (no transformation) 0.38 56.85 µScm-1 

n = 5 (optimal) 0.79 35.29 µScm-1 

n → ∞ (log-log) 0.74 39.14 µScm-1 

 
 

8. For the multi-objective identification, the auth ors involved load in the statement. Generally, 
C-Q relationship only involves the flow (Q) and solu te concentration (C). Some researchers 
also investigated the relationships between Q and l oad (Basu et al., 2010). Please clarify the 
definition of C-Q relationship in the manuscript. P lease also justify the reason(s) to include 
load in this relationship. 

9. The algorithms of multi-objective identification  are not clear. The authors need to provide 
more narratives to explain why the average of two NS EB would help achieve the optimal 
goal considering multiple objectives. 
 

We do not use the load at all like Basu et al. (2010): these authors compute annual loads, which they 

compare to annual discharge, whereas we compute 30 minutes loads. We use loads to give more 

weight to the extreme low concentrations, load is used as a discharge-weighted concentration 

(which it is). 

Using the “discharge-weighted concentration” (i.e. the load), we avoid the issue of under-

representation of high discharge/low concentrations measurement points, which usually prevent the 

extreme points to be accounted for in the overall model fit.  

The two-criterion graph in Fig. 5 (“Pareto plot”) shows that we can find a compromise between 

efficiency in representing the loads and efficiency in representing the concentrations. The 

“compromise point” is obvious for most of the cases, and the average of the two efficiency criteria is 

the easiest way to define numerically this point. We will add a sentence on this in the final version of 

the paper. 



 
10. It seems that the authors considered the two tr ansformation methods as models. For 

instance, the authors used obs and cal to denote co ncentration in Eq. 4-8. In addition, the 
NSE is a widely used indicator to test the performan ces of numerical models. Please clarify 
if these transformations are treated as models or n ot. If so, please discuss the benefits and 
potential output of numerical modeling of C-Q relat ionships. 
 

The two “formulas” can be considered “models. Fitting a model of the C-Q relationship allows to 

reconstitute fluxes (i.e. loads) based on discharge only. 

 
11. There are some potential improvements in the fi gures. A figure must be able to be 

interpreted independently without further informati on in the content or somewhere else. It is 
disappointing that nearly all the figures fail to m eet this requirement. Examples include: â˘A 
´c The labels and extent of axis should not be remo ved (Figure 1-4); â˘A ´c The units of flow 
and concentrations are very important (Figure 1-5);  â˘A ´c The denotation of symbols needs 
to be explained. For instance, what is the meaning of [Q] and [C] in Figure 2? The reviewer 
saw some people utilized [Ca2+] to indicate the conc entration of Ca2+. However, the 
meaning of [Q] and [C] is very confusing. 

 
In the revised paper, we will improve the figures and associated legends. 

 
12. The result section seems somehow weak. If the a uthors intended to prove that the proposed 

method performances better, it is required to also present the results for the existing log-
transform methods. The editor, reviewers and audien ce can justify the performances and 
thus make conclusions. However, in this manuscript,  only proposed method is presented. 

13. For Figure 6, it is not easy to understand the objective of this figure. If the figure tries to 
quantify the performance of two-sided power transfo rmation model, there are NO 
quantitative indicators to show the performances. A dditionally, there is no demonstration of 
the data set for the audience to interpret the resu lts. 

14. Due the confusions and missing parts listed abov e, the conclusions could not be drawn 
according to the current version of manuscript. 

 
The R² presented in Table 1 is in itself a goodness-of-fit measure. In the revised paper, we will add 

RMSE in Table 1. We will also modify Figure 6 (see below) to allow a direct visual comparison of the 

two models’ fits.  



 
Figure 6: Comparison of observed concentrations with simulated concentrations by: (a) two-sided power 
transformation model (TSPT); (b) log-log transformation model 

 
 

15. It is suggested that the authors should review more publications regarding C-Q relationship. 
 

This is a technical note and not a review paper. To reach the concision objective, we discuss the 

literature briefly, and refer the readers to one of the recent reviews on the matter. 



 
16. The authors need to make it consistent with the  terms used in this manuscript. For example, 

what are the differences between log-log transforma tion, power transformation, B-C 
transformation, logarithm transformation? It is qui te difficult to understand so many similar 
but slightly different terms at different places.  
 

In the revised article, we will better define the transformations and be clearer. 

 
Specific comments:  
 
Ln 15: what are the differences between log-log tra nsformation and power transformation? 
 
We will change the keywords to avoid confusion and replace « Concentration-discharge 

relationships; log-log transformation; power transformation; multi-objective calibration » by 

« Concentration-discharge relationships; power law equation, log-log transformation; two-sided-

power formula; multi-objective calibration» 

 
Ln 23: “ ⊲ ⊲ ⊲ give an exhaustive view of the current work on this  relationship ⊲ ⊲ ⊲”. Did the authors 
imply that there is NO research gap given the exhaus tive research? 
 
Our aim was only to give credit to colleagues who worked a lot to produce these reviews. We do not 

mean that there is nothing left to be done. We will change “give an exhaustive view” by “give an 

almost exhaustive view”. 

 
Ln 24: please explain what “a one-sided power relat ionship” is. 
 
The “power law” is a generic term. The two formulas y=axb and yb=axb are both power laws. We use 

the expression “one-sided” and “two-sided” to differentiate them. 

 
Ln 26: generally, no equation is written in the int roduction. 
Generally yes, but there are many exceptions. In a technical note dealing with an equation, we find it 

logical to present the equation as soon as possible. 

 
Ln 31-33: please discuss the reasons that might cau se the differences in clear and unclear 
relationships for different ions. 
You are right to underline that the chemodynamic processes/behaviors are extremely complex, and 

that we do not have the capacity to detail them in this note. We will change “clear” and “not clear” 

by “good correlation”. 

 
Ln 33: please explain why the authors choose to use  the data from Neal et al., 2013a and 2013b. 
Does this phenomenon only appear in their dataset? O r is this phenomenon widely reported by 
other studies? 
This phenomenon has been reported by other studies, which authors will cite them in the revised 

manuscript. 

 
Ln 41-42: “For many years, since the size of the C- Q datasets was limited by the cost of chemical 
analyses, it was difficult to analyze in much detai l the precise shape of the C-Q relationship.” This 
statement is NOT correct. By comparing the C-Q rela tionships between a 3-year high-frequency data 
and weekly measurements, Duncan et al., 2017 reporte d that, “ ⊲ ⊲ ⊲The sensor data corresponding to 
the 3 years of data overlap (2013–2015) display ess entially the same câ˘A ˇ RQ slope as the weekly 
câ˘ARˇQ data, even though the number of sensor data points is more than two orders of magnitude 
greater than the number of weekly points per year. “ The reviewer agree with the previous values of 



high-frequency measurements. However, the value of l ong-term, low-frequency dataset should also 
be recognized. 
We recognize the great value of medium- and low-frequency datasets. We are in charge of an 

experimental catchment with that kind of historical datasets that are of great value. We will mention 

it in the revised manuscript.  

 
Ln 45: “ ⊲ ⊲ ⊲all the extremes of the relationship can now be inc luded in the analysis.” In this case, 
please justify how the propose method, B-C transform ation, could take the advantage of the 
appearances of extremes. 
See the modified figure 6 above. 

Ln 49-50: The statement of “ ⊲ ⊲ ⊲ which provides ⊲ ⊲ ⊲” is irrelevant. Please consider removing it. 
We do not understand what is wrong with this statement. We will remove “unprecedented”. 

 
Ln 53: please explain what is “RiverLab”. 
We will add a short explanation of the River Lab, but it will be not detailed here. Floury et al. (2017) 

have done it already. 

 
Ln 53: “logarithm transformation” Please make it co nsistent with “log-log transformation”. 
We will change “logarithm transformation” by “log-log transformation”. 

 
Ln 60-62: “ ⊲ ⊲ ⊲This slightly different shape may be due to the hig h frequency of the time series 
(Moatar and Meybeck, 2007) or to catchment dynamics  (Kirchner, 2009), ⊲ ⊲ ⊲” As this journal is 
Hydrology and Earth System Sciences, please discuss  further how the hydrological processes, i.e. 
rainfall, runoff generation, infiltration, might in fluence the shape of C-Q relationship, for example 
chloride (Cl-). 
We will add a short sentence about catchment dynamics. 

 
Ln 64: please explain “ ⊲ ⊲ ⊲a continuous alternative ⊲ ⊲ ⊲”. 
By “Continuous alternative” we mean that the Box Cox transformation is a continuous generalization 

of the log log transformation. 

 
Ln 65: please explain the differences between “a pr ogressive alternative” and “a continuous 
alternative”. 
We will keep “progressive” and remove “continuous”  

 
Ln 71-73: it is suggested to put this section in Ap pendix. 
We think that this part of explanation is really important to some readers which may not be familiar 

with it. 

 
Ln 74: please try to avoid using the term “clearly” . The audience can be easily confused, as they 
don’t share the same expertise and experiences with  the authors. 
We will remove “clearly” in the revised manuscript. 

 
Ln 79: “ ⊲ ⊲ ⊲Chloride ions concentrations measured on the Oracle- Orgeval observatory (“RiverLab”) ⊲ 

⊲ ⊲” Repeated information with Ln 53. Please remove it.  
We will remove this repetition in the revised manuscript. 

 
Ln 82-83: “To our knowledge, there is no physical o r mathematical reason why all ionic species 
should have a C-Q relationship of the same shape.” Actually, there are physical reasons that all 
ionic species should NOT have a C-Q relationship of the same shape, because the hydro-



biogeochemical processes that control the transport  and reaction of ions are different. For example, 
chloride (Cl-) is mostly treated as a non-reactive i on which indicates that the hydrological processes 
are the critical factors for C-Q relationship. In c ontract, nitrate (NO3) is highly soluble and reacti ve, 
which means the interactions of all the hydro-bioge ochemical processes control the C-Q 
relationships. 
Thank you for bringing this point. We will add a sentence on this topic. 

 
Ln 83: “ ⊲ ⊲ ⊲and EC (Electrical conductivity) ⊲ ⊲ ⊲” should be “ ⊲ ⊲ ⊲ and Electrical Conductivity (EC) ⊲ ⊲ ⊲” 
We will change it in the revised manuscript 

 
Ln 85-86: “ ⊲ ⊲ ⊲but we first followed the advice of Box et al. (201 6, p. 331) and did it visually..” Please 
clarify how to visually identify the optimal shape.  
Of course, you are right; it is easy to do but almost impossible to explain. We will refer to the R² and 

RMSE. 

 
Ln 86-87: “Figure 4 shows the most adapted power tr ansformation ⊲ ⊲ ⊲“ Please clarify what a power 
transformation is. 
In this case the power transformation is a two-sided-power transformation. It will be changed in the 

revised manuscript. 

 
Ln 97-103: it seems that the optimal shape was iden tified based on the greatest value of R2. Please 
include this information in the content and discuss  why the greatest R2 will help identify the best 
shape. 
We will specify the R2 and add the RMSE in a new Table 1 (see the first reviewer reply). 

 
Ln 108-110: it is very confusing. The reviewer has some difficulties to understand this part. 
We will modify this section (see also the answer to the point 8 and 9) 

 
Ln 104-146: The whole multi-objective identificatio n section is not well-organized and the reviewer 
has some difficulties to understand it. Please cons ider re-organized it and, clearly state the 
objective of this section. 
We will modify this section (see also the answer to the point 8 and 9) 

 
Ln 150: “..the entire calibration dataset ⊲ ⊲ ⊲” If the transformation is treated as a model, plea se 
separate the whole dataset independently into calib ration and validation subdataset. And then 
report the numerical indicators (i.e. R2) for both c alibration and validation sub-dataset. 
We will include a validation on an independent dataset in the revised manuscript. 

 
Ln 150-151: Given the obvious and intensive noise i n the scatter-plot for each ion in Figure 6, the 
statement of “..fit very well..” is quite questiona ble. 
We will be more modest in the revised manuscript. 

 
Ln 151-152: “On can only mention ⊲ ⊲ ⊲” Please double check the language. 
OK 

 
Ln 164-165: “The two-sided power transformation we proposed is a valid and progressive 
alternative” The current results and discussion can not support this statement. 
We hope that with the new figure 6 and Table 1 the improvement will be more obvious.  

 
Ln 167-168: “The simulated concentrations for the 3  ions and the EC show a good performance.” 
Further evaluation of model performances is require d to draw this conclusion. 



We hope that with the new figure 6 and Table 1 the improvement will be more obvious.  
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