
To address the reviewer comments, we made two major revisions to the manuscript: 1) we reformulated 

the aim and changed the first research question, and 2) we used air temperature as the driver for 

ecosystem respiration. These revisions caused notable changes to the methods, results and discussion 

sections of the manuscript. We also removed the phytomass index from the gap-filling procedure and 

revised a minor calculation error affecting the fertilisation rate in 2019 (Table 1). As a result of the 

methodological changes, the reported values of the different components of the carbon balance changed a 

little, but this did not cause any changes to the conclusions. In addition to these two major revisions, we 

made several minor revisions according to the reviewer comments and suggestions and improved the 

language of the manuscript. The following response to reviewer comments explains the revisions that are 

visible in detail in the attached manuscript version with tracked changes.  

 

 

Anonymous Referee #1: 

 

“The authors also state, that their soil temperature sensor malfunctioned for the first year and that the 

soil temperature had to be modelled for the whole year. This modelled soil temperature was then used to 

model the ecosystem respiration, which was used to gap fill the eddy covariance data for the carbon 

balance. In a publication focusing on the carbon balance the major variables needed should only be gap 

filled over a short period, not a whole year (50% of the duration of this study).” 
“As a possible solution for their soil temperature modelling problem, I suggest that the authors try to use 

the air temperature to calculate the ecosystem respiration for both years as many other studies do.” 

 

We agree with the reviewer that this was not an optimal solution even though we modelled the soil 

temperature using air temperature and showed that the model performance was good. Therefore, 

instead of using the soil temperature model, we changed the temperature used in gap-filling model 

from soil temperature to air temperature as the reviewer suggested. This had only a minor effect on 

the results. 

  

 

“the authors use a fixed value for the sensitivity of the ecosystem respiration and state that it describes 

the temperature response of the soil respiration. In a highly dynamic grassland, the changes in the 

respiration of the above ground biomass should not be missed. Thus, sensitivity parameter should be 

based nighttime NEE data using a moving time window to account for these changes.” 
  

This is a very valid point. We have adjusted our model so that the E0 parameter is determined 

within the same moving window as R0.  
 

While revising the manuscript, we performed gap-filling several times with varying settings and 

ended up having the best performance by fitting E0 to the data with the same window as R0. 

Furthermore, we decided to remove the effective phytomass index (PI) from the light response 

fitting to increase the accuracy of the fits during the wintertime. Due to the occasional negative 

fluxes and fairly high positive fluxes, the gap-filling of wintertime data was more accurate without 

PI. In addition to these changes, we re-considered and improved the uncertainty analysis. As a 

result of this change, the field proved to be a carbon sink in both years. We modified the method 

description and the discussion of results accordingly.  

  

 



“Although the results are interesting, the large differences between the years (like the number and 

heights of harvests/cuts, the type of fertilization, the amount of precipitation, the progression since 

seeding and the reseeding of a different species composition) hinder the authors to draw specific 

conclusions as to what the changes are related to. In this regard, I am not sure if comparing the years 

makes sense.” 
“I recommend rejecting this publication and let the authors recalculate the data and rewrite the 

manuscript with a different angle as the problems mentioned will likely not be solved in one major 

revision and result in a different publication.” 
  

The referee is correct with this statement that the data only cover two years and that this hinders us 

from properly evaluating the interannual variation. We agree that such analysis would definitely 

need more data and possibly some help from modelling to interpret the effect of different factors 

contributing to the variation. Thus, we have modified the manuscript so as not to highlight the 

differences between the years. In practice, we removed the research question about the year-to-year 

differences. Instead, we raised a question addressing the characteristics of the CO2 exchange 

dynamics and the overall annual carbon balance. As a consequence of this angle change, the 

discussion was adjusted in the revised MS.  

 

Although, at this stage, we are not able to comprehensively study the interannual differences and 

drivers, this study is important and very timely as this kind of agricultural studies are scarce in the 

boreal region. Furthermore, there is an urgent need to quantify the GHG fluxes and budgets of 

agriculture in order to further develop sustainable management actions to decrease the various 

negative environmental impacts of current agricultural practices. It is not self-evident that for 

example the so-called climate-smart practices, which are proven to sequester carbon in temperate 

regions, are as beneficial in the boreal region, where the climate as well as the cultivated species 

and varieties are different. Thus, the present analysis can serve as a valuable baseline for further 

studies and more detailed analyses on the interannual changes and effects of improved farming 

practices.   

   

  

Anonymous Referee #2: 

 

“Lines 83-84: Clover is not a grass – please revise the sentence.” 

  

Yes, we revised this sentence.  

  

 

“Line 109: Was only the zero point of the CO2 channel of the LI-7200 calibrated? No calibration of the 

span and/or the H2O measurements? This is the only point in the Methods section that worries me a little 

bit, because from my experience I would say that this type of analyser requires a complete calibration 

about once a year.” 
  

Yes, we agree and clarified the calibration procedure in the revised MS. The gas concentrations 

were regularly checked by measuring the CO2 zero and span gases and comparing the H2O data to 

molar ratio calculated from Humicap data. CO2 concentration was calibrated with zero and span 

gases when needed. There was no need to calibrate H2O gas during the measurement period.  

 

 



“Line 144: I had expected that the data coverage would have been described in more detail here: Was it 

spread evenly across seasons and/or times of the day? The temporal distribution of the gaps can have a 

considerable effect on the reliability of the gap filling and potential biases. Later I realised some 

comments on this in the appendix, but I would recommend adding a sentence or two about this in the 

main text.” 
  

We added a few sentences about the distribution of gaps in winter- vs. summertime and day- vs. 

nighttime to the revised MS. Nighttime data coverage for the whole CO2 data set was 33% and for 

the H2O data 11%. Daytime data coverage for CO2 was 55% and for H2O 49%. Summertime (from 

April to September) and wintertime (from October to March) data coverage for CO2 were 48% and 

38%, and for H2O 41% and 16%, respectively. 

 

 

“Line 266: Regarding the relation to ‘mean soil moisture’ it is important which soil depth is referred to. 

Please add this information to the ms text.” 

 

Yes, we added the information about the depth of soil moisture measurements.  
  

“Line 322 ff: I am not really sure about the definitions of the expressions of CO2 exchange used here and 

in the subsequent paragraphs (this comment refers also to the ‘uptake’ mentioned in lines 338 and 340 – 

is this NEE or GPP or something else?). How is for instance the ‘total carbon balance’ defined, when for 

example comparing it to the nomenclature used by Kutsch et al. (2010) in AGEE 139, 336-345: Is it net 

biome production NBP? Or full field balance or farm gate balance? Please clarify.”  

 

Indeed, the carbon balance represents NBP as in Kutch et al. (2010). We clarified this in the revised 

Section 2.5 Net ecosystem carbon balance to which we added a definition of the system boundaries 

adopted in our study. We defined the study system as the agricultural field ecosystem. Concerning 

the CO2 uptake term on lines 338–340, we emphasized that the net uptake of atmospheric CO2 is 

meant here.  

  

 

“Line 345: Strictly speaking, the enhanced root system wouldn’t directly enhance carbon uptake, but 

enhance water availability and avoid drought stress, thereby indirectly enable a higher GPP (but also 

enhance respiration?!). Please explain this effect more accurately.” 
  

We added a more accurate description that the effect is indeed indirect.  
 

  

“Line 353: I think the reference to Pirasteh et al. is a very odd choice given that this effect has been well 

known and understood for many decades.” 
  

We updated the reference here to Loftfeld (1921). 
  

 

“Lines 361-363: With respect to the WUE analysis, I strongly recommend an additional approach to 

disentangle transpiration from total ET in order to make the statements on WUE more meaningful. I 



understand that the ET components were not measured separately, but assuming that soil evaporation 

can be neglected in a grassland with complete canopy cover, the data set could for example be split into 

rainy and rainless days, and the rainless days be analysed separately. This would enable an alternative 

calculation of WUE from GPP and T if it is further assumed that, on rainless days, interception 

evaporation can be neglected, too.” 
 

We agree. We found that most of the rainy days were already eliminated from the analysis as we 

used only the days when the latent heat flux was greater than 30 W m-2. However, we further 

modified the filtering and removed all the rainy days. As a result of this change, 10 more data 

points were eliminated, and the results were affected very little. The relationship between WUE 

and LAI (Fig. 5) was not affected. Below updated Figure 6.  

 

             Figure 6. Daily water use efficiency (WUE) during two growing seasons.  

 

“Line 395: The last “the” has to be deleted.” 
  

Yes, that was deleted. 
  

 

“Line 396: See above: Which processes or flux components are exactly included in the expression 

“management flux”? I think the answer to research question no. 3 on carbon sequestration and offsetting 

carbon emissions depends strongly on the definition of the boundary of the system under consideration 

(ecosystem – field – farm gate?).” 
  

Management flux means the sum of positive outflow as yield and negative inflow as organic 

fertiliser. The term was clarified in the revised text (this line and earlier). Concerning the carbon 

sequestration of the field, it is true that its estimation depends greatly on the definition of the 

system boundary. We clarified the system boundary in Section 2.5, as described above, by defining 

the study system as the agricultural field ecosystem. We also added a sentence to the discussion to 

highlight that the carbon balance is affected strongly by the carbon fluxes caused by fertilisation 

and harvests. 

 


