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In the document, feedback from the reviewers is written in italic face, while our responses 
are written in green. Screenshots of parts of the manuscript that have been changed are 
shown in boxes. 

Reviewer 2 

This manuscript addresses a fundamental and timely issue in soil organic matter (SOM) 
modelling: the mismatch between model complexity and data availability, which leads to 
parameter non-identifiability, equifinality, and ultimately large uncertainty in model 
predictions under perturbations. The study is conceptually important and provides a clear 
demonstration that models calibrated to steady-state observations can produce 
substantially divergent predictions when subjected to changes in carbon inputs. This has 
important implications for the reliability of current ecosystem and Earth system models. 

We thank the reviewer very much for taking the time to read our manuscript and for 
providing detailed and very constructive feedback. This, together with your indications of 
parts of the manuscript that weren’t properly described, significantly improved the quality 
of the manuscript. This is greatly appreciated. Please find our responses to the feedback 
below. 

Below I provide specific comments. 

Line 6-8: The statement that the number of identifiable parameters “remained limited to 
five even under the most data-rich conditions” may be somewhat overstated. The “most 
data-rich” scenario considered here still represents a relatively limited set of observations, 
and the result is likely dependent on the specific model structure and data types used. This 
limitation should be more clearly acknowledged. 

Thanks for pointing this out, these specific results are indeed dependent on the model we 
chose, and the data we considered. To make this clear in the abstract, we changed these 
sentences as follows. 

 

To make it clear that the “most data-rich” scenario applies to our study, we added this 
sentence to section 2.6, where the data scenarios are described. 



 8 

 

Line 35: “Three concepts that are central to achieving this balance are identifiability, 
equifinality and overparameterisation.” The phrasing “achieving this balance” may be 
misleading, as identifiability, equifinality and overparameterisation are conceptual tools to 
describe the problem rather than mechanisms to achieve the balance. This could be 
clarified. 

Thanks for bringing this to our attention. We fully agree with this, and with similar feedback 
related to this we received from the other reviewer, we changed this part to: 

 

Line 135-141: If these “measurements” are artificially generated, the assumptions should 
be justified with references. 

Thanks for pointing this out. The assumptions about the measurements were made based 
on meta-analyses of these properties. Now, we made it clear that our aim was not to 
simulate a soil in a specific location under a specific land use and provided references for 
studies justifying the numbers. 

 

Line 136: “In this study is, artificial SOC data were …. ”. “is” should be removed? 

That is correct, thanks a lot for spotting this typo. 

Line 140-141: MAOC should be defined at first occurrence in the main text. 



 9 

Thanks for pointing this out, this has been corrected 

Figure 1. Differences between rhizosphere and SOM models are unclear, and 
Abbreviations (MAOC, DOM, POM, MIC) are not fully defined. 

Thanks for making us aware of this, we agree that the differences between both models 
could be better indicated. Therefore, we now show a separate conceptual figure for both 
models. We also explain all abbreviations in the figure caption. 

 

Figure 2: The occurrence of infinite values (“inf”) is not explained. It would be helpful to 
clarify under which conditions these values arise and how they should be interpreted. In 
addition, the “inf” values are currently plotted at the boundary of the figure, which is not 
ideal for interpretation. A clearer representation would improve readability.The same 
comment applies to Figure 4. 

This was indeed not explained in the manuscript, thank you very much for pointing this out. 
The collinearity index (γ) equals infinity if the columns of the sensitivity matrix are linearly 
dependent (as explained in the article describing the methods; 
https://doi.org/10.18637/jss.v033.i03, p. 13). This means that their values in the model 
perfectly compensate for each other. This has now been added to the caption of Figure 2 
and 4. In addition, we have put vertical whitespace between the Inf values and the upper 
border of the graph. 
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Line 400: “This difference is due to the formulation of the rate modifiers for 
depolymerisation”. If I understand correctly, the different non-linear equations lead to 
differences in decomposition rates through the “rate modifier” part. However, these 
differences ultimately reflect variations in the effective decompo sition rates or residence 
times of carbon in different pools under increased C inputs. While the current explanation 
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in terms of rate modifiers is mathematically correct, it would be more intuitive to present or 
discuss the corresponding decomposition rates or residence times of the pools. 

Thanks for this suggestion, this will indeed improve the interpretation for the readers. To do 
so, we have added a graph of the turnover time of the POMlit pool to figure S1. 

 

We also added a brief interpretation of this to the results section. 
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Figure 3: the figure lacks sufficient clarity to distinguish between MIC and full parameter 
model results. In particular, the large differences in prediction range (42× for RM1 and 7× 
for RM2) are not readily apparent. 

Thanks for pointing this out. In Fig. 3, the evolution of MIC is difficult to see because the 
value of this pool is much lower compared to POC. We added to the caption that the 
evolution of the MIC pools is better shown in Fig. S1.  

 

We also clarified to the reader how these differences in prediction range (42 and 5 times) 
can be seen in the figure. 
 

 

Section 3.2.1: It is unclear which figures support the results described in this section, as no 
figure is explicitly cited. Given that this is part of the Results section, appropriate figure 
references should be provided to support the statements. In addition, Figure 4 is not clearly 
introduced or discussed in the Results section before the manuscript proceeds to Figure 5. 
This disrupts the logical flow of the results. Please ensure that all figures are properly 
introduced and described in sequence. 
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Thanks for pointing out this oversight. This section is based on the results presented in Fig. 
4, which is now cited in this section to improve the flow of the manuscript. 

 

Figure 5: The color scheme is difficult to interpret, particularly because MAOC and MIC 
appear very similar, and the meaning of some colors (e.g., dark orange) is unclear. This 
also makes it difficult to support the statement in Lines 427–429 that SOC can be 
dominated by either POC or MAOC (Fig. 5b), as the contribution of POC is not clearly 
visible. Improving the color scheme and legend would enhance clarity and consistency 
between text and figure. 

Thanks for noticing the similar colors between MAOC and MIC in the legend. This was 
caused by plotting the lines transparent, which also caused the legend colors to be 
transparent. This has been fixed now, so that it’s clear from the legend which colors are for 
MAOC and MIC. We note that also in this plot, the lines for MIC are very dieicult to see 
because of the small size of this pool. We clarified this in the caption. 
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Regarding the statement that SOC can be dominated by either POC or MAOC (Fig. 5b), we 
now made it clear that the lines for POC are covered by the lines for MAOC. This is 
unfortunately inevitable, as both POC and MAOC compensate for each other, and span the 
entire range of potential values from a very small pool size to almost all SOC present in 
these pools. 

 

To make this better clear to the reader, now we also show a plot of the density distribution 
of the amount of POC and MAOC at steady state for this model in the supplement, and 
refer to this plot in the main text (see textbox above). 
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