
Dear Moritz Laub, 

 

you revised version of the manuscript: "A robust DayCent model calibration to assess the potential 

impact of integrated soil fertility management on maize yields, soil carbon stocks and greenhouse gas 

emissions in Kenya" has undergone a second round of reviews (3 reviewers). All reviewers are in 

agreement that the manuscript has improved considerable, with two suggesting some minor 

revisions including some clarifying questions and adjustments (revs 2 and 3) whereas the 3rd 

reviewer remains still critical (see the comments from rev 1 this text). This is particularly the case for 

the prior and posterior distribution which need to be addressed. This should be achievable relatively 

straight forward. Similarly the individual minor suggestions for the manuscript provided by all three 

reviewers can be incorporated right away. Following this, I am accepting the manuscript for 

publication in BG with subject to minor revisions. 

 

with kind regards 

 

Lutz Merbold 

 

Dear Lutz Merbold, 

Thank you for acknowledging the changes we made to improve the manuscript from the previous 

version. We have done our best to address the remaining concerns of the reviewers. We put specific 

focus on addressing the concerns that reviewer 2 had regarding the new method of initialization with 

measured SOC pools, the derivation of the coefficients of variation from the prior and the posterior, 

where reviewer 2 rightly pointed out an oversight from our side. Based on the feedback from 

reviewer 2 and reviewer 3, we also did calibration once more with wider priors (×1.5), which 

improved the results even further and led to the results showing a clear distinction between the prior 

and the posterior. We think that we have addressed all the important concerns of both reviewers 

with these changes. We hope that with these changes implemented, you will consider the manuscript 

to be acceptable for publication. Thank you very much for your efforts in handling the manuscript. 

Kind regards on behalf of all coauthors, 

Moritz Laub 

 

 

Reviewer 1:  

The paper describes the capability of DayCent model to simulate yield and SOC development of the 

different ISFM practices in SSA and its improvement after cal-val. 

After the revisions made, the paper has strongly improved. All the raised issues were solved, the flow 

is now clear and figures were made more understundable for readers. Based on all these 

considerations, the manuscript can be considerd acceptable for publication in its present form. 

Thank you for your positive assessment of the revisions that we made.  



Reviewer 2:  

The revision has addressed many of the issues raised in the first review. There has been a significant 

improvement in the content, flow, and structure, which has increased the readability of the 

manuscript. In addition, authors have incorporated two significant changes in the methodology 

section: (1) the selection of prior, and (2) the initialization of SOC pools. Reviews of this newly added 

section are provided in the subsequent paragraphs. Another area of concern is in the newly updated 

result section 3.2, which reported the posterior estimates from the inverse modeling using SIR 

algorithms. Here, the marginal distribution for the posterior is similar to the marginal distribution 

from the prior, indicating little or no influence of the dataset on the posterior suggesting nothing is 

learned from the data assimilation exercise. This is contrary to the title’s claim of “robust DayCent 

model calibration …”. For these reasons, I recommend a major revision before recommendation for 

publication. More details are provided below: 

Thank you for your feedback. We agree that the original title was not fitting anymore. We were 

actually using Bayesian calibration to derive model parameters which we can consider to be robust 

and it is not the calibration that is robust.  Therefore, we changed the title to “Modelling integrated 

soil fertility management for maize production in Kenya using a Bayesian calibration of the DayCent 

model.  

 

 

Apart from that, we have increased the range of the prior, based on your comment. This improved 

the simulation outcomes further and the change between prior and posterior is now obvious, making 

it clear that the data informed the model parameters.  

 

SOC pool initialization: One of the major changes involved replacing the long historical simulation 

with measured SOC, which was adjusted backward in time and initialized at the start of the 

Experiment. With the update, the posterior parameter can be defined as p(θ|D,M,MAOM) and now 

conditions on data (D), model (M) and measured mineral associated organic matter (MAOM). 

Therefore, any future simulation leveraging this study and aiming to understanding the regional or 

national GHG balance within SSA, as represented by the four-experiment station, now also requires 

measured or estimated value of MAOM. Therefore, the simulation approach, which requires MAOM 

measurement, may limit broader use of the model in SSA region. Furthermore, the initialization of 



SOC pools in the process-based ecosystem model may introduce significant bias in the model’s 

estimates of SOC stock changes (Fallon and Smith, 2000, Zhou et. al., 2023). Both methods: (1) long 

historical simulations to equilibrium and (2) initializing model pools with measurement—have been 

extensively studied and used in literature. In my personal viewpoint, both methods are equally valid 

given adequate testing and reasoning. Both methods have strengths and weaknesses. The strength 

led to higher accuracy, while the weaknesses can introduce significant bias and contributing toward 

higher uncertainty. 

We agree that both approaches have their pros and cons. If there is good knowledge available on the 

land-use history, a model spin-up may be the better choice. While the model now relies on measured 

or estimated MAOC, which may introduce its own level of  uncertainty, global predictions of MAOC, 

including for soils in Africa, are available (see Georgiou et al., 2022; specifically Supplementary Figure 

16 of their article) and the ranges presented on their maps for the SSA region (i.e., that about 60-90% 

of SOC is MOAC) agree with our measurements. These maps are produced based on observed MOAC 

values, extrapolated based on measured gradients of precipitation, temperature, and vegetation. In 

theory, one could argue that these factors include similar information as a model spin-up, which is 

based on historical data about land use and includes local weather. In the context of SSA, and in 

Kenya specifically, we consider that data on land-use history is subject to more uncertainty than the 

currently available maps of MOAC (e.g, the soilgrids have more than 2000 profiles in Kenya, while a 

documentation on historical land use is not readily available). This implies that several assumptions 

have to be made about land-use history, for example by using expert opinion combined with a rules 

based approach (see e.g., Kamoni et al., 2007). With maps, the only choice to make is which map to 

use, making this approach more reproducible and favorable in our case. Nonetheless, we agree that it 

comes with its own uncertainties, which we have addressed in the discussion. Based on the literature 

you suggested, and our own observations at scale, we recommend to reduce this uncertainty by 

working with a baseline scenario and an improved scenario instead.  

 

 

Prior distribution: Another significant change in the updated manuscript is the introducing of a new 

prior distribution during the SIR step. As a result, the revised manuscript uses two sets of prior 

distribution: a uniform prior for the global sensitivity analysis, and a Gaussian prior for the SIR step. 

This is uncommon and generally not accepted in Bayesian inferences, as the prior is considered our 

initial beliefs about an uncertain parameter before observing any data. Therefore, introducing two 

beliefs for the same set of parameters in the model is unusual.  

We would not call the distribution of the parameter values used in the global sensitivity analysis 

(GSA) a “prior” in the Bayesian sense and acknowledge that this has been poorly formulated in the 

previous version of the manuscript. For example, GSA is only constrained by a maximum and a 

minimum value – and thus any other distribution than uniform is not possible (a poor use of prior 

knowledge). For us, GSA was simply a preselection procedure to make the Bayesian calibration 

computationally feasible. Many studies commonly use background knowledge to select which 

parameters to calibrate and then use Gaussian priors in the calibration process (e.g., Menichetti et al., 

2020; Ťupek et al., 2019). Therefore, if we consider the GSA solely as a preselection step, there 



appears to be no impediment to subsequently conducting a Bayesian calibration using a Gaussian 

prior, if knowledge about the model parameters exists. The text of the methods section has been 

changed, accordingly.  

 

 

Further, our GSA did not make use of the data. In contrast to Gurung et al. (2020), the sensitivity in 

our study was calculated based on the mean yields and AGB, and end-of-simulation SOC stocks across 

sites, and not on the mismatch between the simulated and observed values. Hence, we do not see 

that performing a Bayesian calibration afterward violates the assumption that that Gaussian prior is 

formulated before observing the simulations compared to the data. Our prior was mainly informed by 

previous studies (see comments to your next point, below).  

 

The authors selected coefficients of variations ranging between 5% and 30% for DayCent parameters 

based on the level of range provided in its manual. However, they did not provide details on how 

these selection for coefficient of variation satisfy one of the requirements for SIR or similar method, 

which is that the prior range should cover the entire range of the posterior (Galman, 2014). Also, 

more detail should be provided on the choice for the coefficient of variation to convincing 

demonstrate that the empirical data suggest that the prior range is adequate enough for the 

theoretical understanding of these parameters. 

Thanks for bringing this point to our attention. We agree that we had insufficiently described this in 

the methods. In selecting the coefficients of variation, we considered prior knowledge from pervious 

Bayesian calibration exercises performed on DayCent. Our aim was to choose a coefficient of variation 

per range level in a way that our prior covered the range that previous Bayesian calibrations on 

DayCent had as the posterior. Due to your comment, we have now increased the range of the prior to 

account for the uncertainty of applying DayCent in tropical conditions by increasing the coefficient of 

variation by a factor of 1.5. We now added a detailed explanation of all this to the text. 

 



 

Posterior distribution: The manuscript calibrated 13 model parameters after conducting a parameter 

screening using the GSA. In section 3.2 of the results, the posterior was presented in Figure 2. 

Throughout the text, a single parameter estimate was provided, but it was not specified which 

statistics (e.g., mean, mode, median, etc.) was presented. The posterior should be summarized with 

sufficient statistics, such as the mean, standard deviation, and 95% credible intervals. If the single 

parameter estimates the mean, mode, or median, there is a significant disagreement between the 

text and the figure for parameters clteff(1,2,&4) and pmco2(1&2). The reported posterior estimates 

of 19.1 and 0.82 fall well outside the curve region with higher density. I believe this could be a 

miscalculation or misinterpretation, and should be thoroughly investigated. 

Thanks for pointing this out. The presented parameter set is neither mean, mode, nor the median, it 

is the parameter set from the posterior that had the highest likelihood, based on data from all four 

sites combined (i.e., not leaving any site out – the final step after cross-validation). While we had 

stated this in table 2, the description was very brief and did not appear in the main text. We see how 

this information could be easily overlooked by the reader. Therefore, we now added a better 

explanation to table 1. Further, we added the requested statistics to table 1: 

 

  

And we added text on how the calibrated parameter set was derived into the results section 3.2: 

 



 

Additionally, we thank the reviewer for bringing to our attention the mismatch between the 

calibrated values that we reported in Table 2 (& results) and the distributions in the figures. The 

calibrated parameter set reported in the previous version of the manuscript was in fact a mistake 

from our side. Due to an oversight, we had taken a wrong parameter set from a pre-test of the new 

calibration, rather than the one of the final calibration. Hence, the reported values were incorrect. 

This has now been corrected. We updated this information in the table and the main text, using the 

values from the newest calibration (see above). 

 

Some minor comments and corrections: 

 

Line 20-23: The author claim that: “The model performance and the match between the cross-

evaluation posterior credibility intervals for different sites indicated the robustness of the model 



parameterization and the reliability of the DayCent model for spatial upscaling of simulation.” 

However, the manuscript did not perform a large-scale simulation, and the claim for “spatial 

upscaling” should be removed or justified. 

We agree that this was misleading, and thus refined the sentence to “for the conditions in Kenya”. 

 

 

Line 23: provide quantitative values (i.e., EF for daily N2O) instead of just mentioning negative value. 

Thanks, we did so. 

 

 

Line 70: The terms “validated” and “evaluated” were used interchangeably throughout the 

manuscript. For instance, in line 9, “cross-evaluation” is used but in line 164, “cross-validation” is 

used. 

Thanks for pointing this out. We changed this to “evaluation of the model” throughout the text, with 

the method of evaluation being named “cross-validation”. Any “cross-evaluation” was removed. 

 

term “C sequestration” instead of “mineralization of SOC” 

The ambiguity of this statement was also pointed out by other reviewers and we changed it 

accordingly: 

 

 

Line 134: Should this 

“Tithonia diversifolia (TD) green manure and Calliandra calothyrsus (CC) prunings, low quality stover 

of Zea mays (MS) and sawdust from Grevillea robusta trees (SD), locally available farmyard manure 

(FYM) and a control treatment” 

 

be written as following. 



 

“Tithonia diversifolia (TD) green manure, Calliandra calothyrsus (CC) prunings, low quality stover of 

Zea mays (MS), sawdust from Grevillea robusta trees (SD), locally available farmyard manure (FYM) 

and a control treatment” 

Thanks! This was in fact not very clear and has been revised: 

 

 

In Table 1. values for model parameters and coefficient of variation seems truncated given the table 

description (i.e., parameter values and coefficient of variations were missing) 

The table description has been updated to specify that not all parameters considered in the GSA are 

shown in Table 1.  

 

Equation before line 185, if SOC stock estimates are for 0-30 cm as IPCC-recommended, it should be: 

 

〖SOC〗_30 (kg 〖ha〗^(-1) )= (1- β^30)/(1-β^15 )*〖SOC〗_15 

 

Provide the value used for beta^15 and beta^30 used in the equation. The equation number is also 

missing. 

The comment likely refers to the track change version of the article, in which the equation was still 

visible (in red, indicating that it had been removed in this version).  

Because we have removed the equation and went for a different approach to calculate SOC stocks in 

the first 30 cm of soil, it is not longer necessary to provide beta. This new approach is described in 

lines 146ff (track-change version) or 139ff (clean version).  

 

Line-261, it is a little confusing and not clear what the author wants to convey. Specifically, data 

availability and which model parameters and value used for initialization. 

The sentences were overhauled:  



 

 

Line-266: It was not clear whether the author’s discussion about aboveground biomass (AGB), yield 

(Y), and harvest index (HI) is based on the measured data or modeled values. In DayCent Y = HI*AGB 

(for grain crops). However, the parameter HIMAX (maximum harvest index) is adjusted due to stress 

to (HI <= HIMAX). 

This was about the measured data. We added this to the sentence, as follows:  

 

 

Line-395: Please clarify what multiply/divided by 3 and 10 means. Maybe it is self-explanatory when 

full view of Table-1 is available. 

This sentence was reformulated to remove any ambiguity. 

 

 

Equaton-3: The Likelihood function provided in Equation-3 is applicable to only one type of 

measurement, such as Yield or SOC. Please provide details on how multiple likelihoods—for SOC, 

Yield, and Harvest Index were combined, if at all, for the final Bayesian calibration. If they were not 

combined, please provide an explanation. 

In fact, we did combine all types of measurements in the same likelihood function. This was possible 

by supplying a weighting factor (the inverse of the standard deviation; SD) to the mixed effects 

model. The formula we used in R for the loglikelihood was: 

logLik(lmer(resid~-1+(1|Site/date),weights = (1/SD),data=EC_HI_SOC)) 

We have further clarified this in the text. 

 

 

Line 571: The posterior credibility intervals in analog to confidence intervals in frequentist statistics 

and posterior prediction interval analog to prediction intervals. The coverage probability (i.e., 95% of 

observed) within the 95% Posterior prediction interval is only valid comparison but not with posterior 

credibility intervals (note that posterior credibility interval < posterior prediction interval). 



We agree that these sections were a bit misleading and have removed these comparisons from the 

text.  

 

 

 

Prove all the missing equations used in the analysis, (one such example is the equation for aggregated 

model output for the GSA) in the supplementary section. 

Thanks for this suggestion. We went through the whole manuscript with a focus on this issue and 

added several equations to the supplementary section.  
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Reviewer 3: 

The study uses a Bayesian calibration approach (sampling importance resampling) with leave -one-

site-out cross-validation to calibrate the biogeochemical model Daycent to yields, biomass and SOC at 

four sites in Kenya. The authors addressed adequately the suggestions of previous reviewers and the 

community comment and improved the quality of the manuscript. Overall, the manuscript is well-

written, methods are sound and described sufficiently, Results are well described and followed by a 

sensible Discussion. I have some suggestions and comments (see below), and suggest to publish the 

manuscript after these minor revisions. 

Thank you for your overall positive assessment of our manuscript and for the constructive feedback 

that you provided. We have incorporated the necessary changes, based on your feedback. See the 

details below. 

 

I refer to the track changes version with my line numbers.  

Abstract L33: Daycent is well-suited to estimate the impact of ISFM The impact of ISFM on what? -> 

Please add 

Thanks for spotting this unclear formulation. We added “on maize yields and SOC changes” to the 

sentence. 

 

 

Introduction  

  

L82: so a propagation of errors is possible in upscaling exercises  

We can be sure the errors propagate in upscaling exercises even if you don’t track them, you probably 

mean: So an estimation of uncertainties is possible in upscaling exercises  

You are right, this was not formulated well. Your suggestion was incorporated. 

 

  

L103: ISFM can…. but at the same time mitigate CO2 emissions due to the mineralization of SOC  

That’s an ambiguous formulation, please rephrase to an unmistakable sentence.  

Thanks. We rephrased as follows:  

 

L105: displaying the confidence in model parameters by Bayesian calibration  



Not clear what you mean by that  

 We reformulated this as follows:  

 

 

  

Methods  

  

L253: ,. taken calculated with the equation  

- Typo, remove ‘taken’  

 Removed, thanks for spotting this. 

 

 

L495: in CO2 eq kg-1 maize grain yield  

- in kg CO2 eq kg-1 maize grain yield  

We interpreted this comment as a hint to missing units and added also the unit of the annual GHG 

balance. 

 

 

Results  

Figure 2  

My visual impression is that prior and posterior distributions are quite similar.  

Why is the posterior less narrow in Figure 2 compared to the prior? Wouldn’t one expect the 

calibration to constrain the parameters and give a narrower posterior compared to the prior?  

We agree that they were very similar. Based on your comment and a comment from reviewer 2, we 

therefore increased the range of the prior to by increasing the coefficient of variation by a factor of 

1.5. This led to the data clearly constraining the posterior. We have updated the results accordingly.  



 



 

 

 

Figure 2 caption: Not clear what you want to say by 'uncertainty-based Bayesian model calibration', 

but since this is not a term generally used or a method description, I would leave out the term 

'uncertainty-based’.  

 We changed this formulation as follows:  

 

 



  

Figure 7: ‘the black solid line the simulation by the best parameter set for each site’ You did not 

calibrate by site, but the caption can be understood as if you did. Since the panels are per site 

anyway, I would recommend to omit ‘for each site’ here in the caption.   

Thanks for spotting this ambiguity. We omitted “for each site” as suggested:  

 

 

Figure 8: Credibility intervals for cumulative fluxes are quite narrow, and do not cover the 1:1 line. Are 

these really credibility intervals? Unlike the other figures, N2O was not calibrated. I think they are 

quite misleading here, since N2O was not included in the calibration so of course they remain narrow 

if you put narrow posterior distributions. Or is it variance that is displayed? Please add explanation in 

the caption.  

You are right and we added this fact to the explanation:  

 

 

For claiming that the posterior distributions are suitable for upscaling this must also be true for N2O, 

while my view for N2O a realistic uncertainty estimate is not shown.   

 This is true, we added a sentence on this in the results and another one in the discussion:  

 

 

 

 

Which ISFM method is simulated with highest accuracy etc?  



If you target a robust fit for upscaling the effect of different ISFM methods, then it might be worth 

presenting the bias and rmse per treatment across site.  

Thanks for this suggestion. We agree and have added this to the Supplementary Section. 

 



 

We further added a few sentences addressing these new results in the results section: 

 

 



And in the discussion section: 

 

 

Figure 9: Please explain 9b in the caption (Mention 9 a b c in the caption.)  

Thank you. We added this to the caption:  

 

 

In several table & figure captions you explain the lowercase letters:  

Same lowercase letters indicate the absence of a significant difference in XYZ …. Easier to read would 

be a positive formulation: Different lowercase letters indicate a significant difference in XYZ between 

…  

We agree that the positive wording you suggest sounds simpler, but it is ambiguous and strictly 

speaking not correct (see Piepho, 2018). To make it simpler, we adjusted it to the formulation that 

Piepho (2018) suggested: “Means not sharing any letter are significantly different”.  

 

  

 

Discussion & Conclusion  

These sections make sense to me and I have no further comments.   

Thank you for your constructive feedback. 
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