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Final author comments to the reviewers 

We would like to thank both reviewers for their constructive and thoughtful comments on our manuscript. We highly appreciate 

the time and effort they have invested in carefully evaluating our work. Their suggestions and remarks have been very helpful 

and will improve the clarity and quality of the manuscript. In the following, we provide detailed responses to all comments 

point by point. The comments are repeated below in black font, and the responses in blue font.  

Review comment #2 

1. Scientific significance 

The manuscript presents a direct comparison between GC and a portable mid-infrared laser system for closed-chamber flux 

measurements of CO₂, N₂O, and CH₄. This is an important and timely study: many institutions are currently transitioning from 

GC-based methods to laser analyzers, and independent validation is valuable. The results clearly demonstrate high agreement 

for CO₂ and N₂O, while highlighting the challenges for CH₄. The work will be of interest to the Biogeosciences readership, 

particularly those involved in field flux measurements and monitoring networks. 

Thank you very much for this positive evaluation. We are glad that you consider our study timely and relevant for the 

Biogeosciences readership. We appreciate your recognition of the strengths of the comparison due to the simultaneous chamber 

measurements and will carefully revise the manuscript according to your detailed comments. 

2. Scientific quality 

The experimental design is sound, with simultaneous chamber measurements across two contrasting field days. Data handling 

and statistical treatment (RMSE, nRMSE, flux model selection) are appropriate. However, several methodological details are 

still unclear or inconsistent and need to be addressed before the results can be fully trusted: 

- The timing of fertilizer application relative to the flux campaigns should be reported and discussed, as it directly affects 

interpretation of the N₂O pulse. 

We respond the same as to RC1 (l. 91): 

Point well taken. Fertilizer applications and also soil tillage interventions are an important factor which requires specific and 

dedicated mentioning in the manuscript, in both the material and methods, and discussion.  



2 

 

We will replace lines 89-92 in the material and methods section (2.2 Experimental design and flux estimation):  

“For the method comparison between GC and LAS, fluxes were determined on two dates (21st September 2023, after winter 

wheat harvest and tillage, and 24th March 2024, in the subsequent clover-grass mixture) in four replicated plots (Fig. 1) 

containing two treatments differing in organic fertilization. No fertilization was applied to the winter wheat itself. The last 

fertilization before the experiment was carried out at the end of the winter catch crop season 2021/22 (19th April 2022). During 

the experiment, all plots received 100 kg N ha-1 as hair meal pellets, while one treatment additionally received green waste 

compost (5 t ha-1 a-1 dry matter) applied on the same day. Prior to the first flux measurement in September 2023, a series of 

soil tillage operations was conducted. These interventions included straw chopping and harrowing on 13th August 2023; rotary 

tillage to a depth of ~4 cm on 12th September 2023; and, on 17th September 2023, loosening with a subsoiler to a depth of 25 

cm, tilling with a chisel plough, and harrowing to a depth of ~10 cm; followed by sowing clover-grass on 18th September 

2023.” 

We will add a few sentences in the Discussion section and rearrange the section to discuss the observed N2O peak, starting at 

lines 308-309: 

 “…On the first day, flux magnitudes were relatively high, and MDFs were exceeded by both methods. On the second day, 

however, flux magnitudes were low and, in some cases, negative. The fertilization in the crop rotation had taken place 17 

months before the first measurement day and 23 months before the second measurement. Additionally, since October 2021, 

we have been measuring GHG fluxes on a weekly basis in the long-term experiment, where our study took place (not yet 

published): The N2O peak observed on 21st September 2023 is not particularly high in the context of a two-year time series 

and several peaks had been recorded occurring much closer to fertilization events. Furthermore, the largest N2O peaks were 

observed particularly after soil tillage operations. We therefore consider it unlikely that the observed N2O peak in our study 

was strongly influenced by earlier nitrogen inputs. Instead, it is more plausibly explained by mineralization pulses triggered 

by the series of soil tillage interventions carried out shortly (see section 2.2) before the first measurement day, of course in 

combination with long-term effects of earlier nitrogen inputs.”  

For further information, a detailed description of the agronomic history can be found in Bilibio et al. (2025) and the 

accompanying supplementary material (doi: https://doi.org/10.1016/j.still.2024.106345), whereby our study considered only 

the two treatments reduced tillage and reduced tillage with additional factor compost. 

 

- The choice of regression approaches should be justified more clearly. Given the richness of the LAS dataset, it would be 

useful to explain why parametric models were favored and why non-parametric approaches (e.g. GAMs) were not pursued 

beyond citation. Even a short discussion would help. 

https://doi.org/10.1016/j.still.2024.106345
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We respond the same as to RC1 (Chapter 2.2): 

As suggested, we will add a statement to the discussion section (l. 369): “Given the amount and quality of data that LAS 

analyzers can provide, the use of a generalized additive model can be suitable for individual chamber measurements 

(Themistokleous et al., 2024, doi: https://doi.org/10.1111/ejss.13560). However, in our study we applied parametric models 

for flux estimation only, as we aimed to use models that are suitable and comparable for both low-frequency GC and high-

frequency LAS data and R packages which are commonly used in the flux community” 

- The discussion of CH₄ fluxes should be made consistent across the text and figures. At some points the manuscript refers to 

“comparatively high” oxidation rates (line 332), while the figures clearly show values in the common range for aerated soils. 

Please ensure that the wording throughout matches the actual flux magnitudes. 

We respond the same as to RC1 (l. 331): 

Thank you for recognizing this mistake. We accidently wrote 0.8 mg m-2 h-1 instead of 0.08 mg m-2 h-1 and therefore overstated 

CH4 oxidation rates. Figure 4 shows the correct values of CH4 fluxes which are within the commonly reported range for well-

aerated soils and not exceptional high (Le Mer and Roger, 2001, doi: 10.1016/S1164-5563(01)01067-6). We will correct the 

value and revise the sentence (l. 331-334) as follows: “However, according to Le Mer and Roger (2001), CH4 oxidation rates 

in aerated soils rarely exceed 0.1 mg m-2 h-1. In our case, we observed rates up to 0.08 mg m-2 h-1. This suggests that a more 

extensive dataset of simultaneous chamber measurements would not necessarily have provided further clarity, as our values 

were already close to this typical upper limit.”  

- It would be helpful if the authors could reflect on whether the observed GC > LAS (line 375) could be related to chamber 

handling, calibration gases, or model selection differences, even if only speculative. This would provide more context for 

readers, especially those considering method choice in their own work. 

We respond the same as to RC1 (l. 371): 

Thank you for your comment. We will include additional information regarding this pattern in line 375 of the revised manu-

script: “However, we should not overinterpret this slight pattern. For CO2, the confidence is by far the highest, as all GC values 

are above the MDF, even though the median differences compared to LAS values are only slight (Fig. 2c). For N2O, the 

differences in medians (Fig. 3c) are even smaller, and the confidence is lower because the small estimated GC fluxes for N2O 

are less reliable (< MDF). For CH4, the median deviation between GC and LAS values is largest (Fig. 4c), but almost all GC 

CH4 values (except one) fall below the MDF. Regarding CO2, Christiansen et al. (2015) reported that at very high CO2 con-

centrations (> 2000 ppm), GC measurements tended to overestimate gas concentrations compared to cavity ring-down spec-

troscopy (CRDS), which they attributed to the non-linear response of the thermal conductivity detector (TCD). In our dataset, 

https://doi.org/10.1111/ejss.13560)
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however, the highest measured CO2 concentration is only 1337 ppm, well below the levels at which Christiansen et al. (2015) 

clearly observed this effect. Therefore, the exact cause of the slight overestimation in our CO2 flux data remains unclear. 

Nevertheless, it is conceivable that the detector-related non-linearity reported by Christiansen et al. (2015) could play a role, 

implying that GC-based CO2 flux measurements may slightly overestimate fluxes under certain conditions.” 

3. Presentation quality 

The manuscript is generally well written and easy to follow, but a number of technical clarifications are needed: 

- Ensure consistency of terminology (GA, LGA, LAS). At present, the switching between terms could confuse the readers.  

Thank you for recognizing this confusing mistake. The abbreviations “LGA” (Laser Gas Analyzer) and “GA” (Gas Analyzer) 

were used accidentally and are no longer in use. We will update the text to replace them with our current, in our view, better 

fitting abbreviation “LAS” (Laser Absorption Spectroscopy). 

- Describe the laser systems in more detail: principle of operation, pump rate, cell volume, tubing volume, and whether the 

cells were heated. Many readers will not be familiar with this instrumentation. 

We respond the same as to RC1 (l. 108/109): 

Thank you for this helpful suggestion. The measurement cell volume of each analyzer is 60 cm3, and the internal tubing volume 

is 6 cm3. Each chamber was connected to the analyzers via two tubes (inlet and outlet), each 20 m in length with an inner 

diameter of 4 mm. The measurement cells were heated to 40 °C and operated under vacuum during sampling. In the revised 

manuscript, we will add a brief description of the laser spectroscopy principle and the device specifications. Specifically, we 

will note that the used analyzer core is temperature- and pressure-stabilized and use multipass cell technology combined with 

mid-infrared solid-state lasers to detect gas-specific absorption lines. This design achieves an effective optical path length of 

13 m.  

We respond the same as to RC1 (l. 93): 

We thank the reviewer for this comment. In our setup, the pump of the CH4 analyzer was set to 5 V and the pump of the N2O 

analyzer to 4 V. Due to the simultaneous operation of both analyzers, the resulting combined flow rate was approximately 0.4 

to 0.5 L min-1. As also mentioned in further comments, we will add more detailed information about the LAS system to the 

material and methods section, including the pump rate (see also response to comment above). 

- GC methods: include additional details such as detector temperatures and a clearer explanation and justification for the 

overpressurization of vials. 
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We respond the same as to RC1 (l. 113-116): 

Thank you for the important note. We will add additional details on the GC measurements and will replace the corresponding 

sentence in line 113-115: “The gas chromatograph (GC) used was a Bruker Model 450 (Bruker Corp., USA), equipped with 

three detectors: a thermal conductivity detector (TCD, 200 °C) for CO2, a flame ionization detector (FID, 300 °C) for CH4, and 

an electron capture detector (ECD, 300 °C) for N2O. The column oven was maintained at 50 °C. In the first channel, which 

carried both the TCD and FID in series, a 1.5 m × 1/8″ Molsieve 13X (80/100) column served as the main separation column, 

preceded by a 1.0 m × 1/8″ Hayesep Q (80/100) as a guard column. The ECD channel was equipped with two Hayesep columns 

(0.5 m × 1/8″ Hayesep N 80/100 and 2.0 m × 1/8″ Hayesep D 80/100) for N2O separation. No water flushing or additional pre-

columns were used, and we used Ar/CH4 (10 mL/min) as make-up gas for the ECD.” 

We respond the same as to RC1 (l. 112): 

Thank you for your valuable comment. We will replace the sentence in l. 112 and also add an explanation: “Since neither the 

gas chromatograph nor the autosampler has its own pump to draw the sample into the system, overpressure is used in the 

sample vials (~20 ml gas sample was transferred into a 12 ml gas-tight glass vials). This ensures that the sample is pushed into 

the sample loop and also pushes any residues from the previous sample out of the sample loop to prevent the samples from 

mixing. Another important reason for overpressure is the protection of the gas sample during storage: if the septum becomes 

leaky, the gas will escape outward first, preventing contamination from ambient air. Minor leaks therefore pose no risk to the 

sample gas.”  

- Tables and figures: 

     > Table 1 shows identical LAS values for CO₂ and N₂O, please check again since it seems likely to be a copy error. 

We respond the same as to RC1 (Table 1): 

We understand that this question arises, as the values appear almost identical except for the decimal places (CO2 is reported in 

g m-2 h-1 and N2O in mg m-2 h-1). This similarity is due to the analytical precision of the instruments (200 ppb for CO2 and 

0.2 ppb for N2O) and the fact that the two gases have very similar molar masses.  

     > As pointed out by Reviewer 1, units could be presented in more standard forms (e.g. mg CO₂ m⁻² h⁻¹, or µg N₂O m⁻² h⁻¹) 

for easier comparison with literature. 

We respond the same as to RC1 (Table 1): 
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We appreciate this helpful comment and understand the reviewer’s concern regarding comparability with literature values. 

However, we prefer to keep the current units (g m-2 h-1 for CO2 and mg m-2 h-1 for N2O and CH4) to ensure consistency with 

all other figures, tables, and results presented in the manuscript, where the same units are used. Maintaining identical units 

across all sections facilitates comparability within the paper and improves readability. Changing the units only in Table 1 could 

cause confusion, while the current representation adequately reflects flux magnitudes observed in our study. 

     > Please check Figure 3c labeling (as already noted by the Reviewer 1). 

We respond the same as to RC1 (Figure 3c): 

Thank you for pointing that out. Yes, “GC” is absolutely incorrect here, and we will remove it from the axis label. The correct 

label is “N2O flux (mg m-2 h-1)”. 

4. Further comments 

The paper convincingly shows that LAS is a reliable alternative to GC for CO₂ and N₂O, and highlights the sensitivity 

limitations of GC for CH₄. To strengthen the impact for a Biogeosciences audience, I suggest the authors add a short reflection 

on how these findings apply to long-term monitoring networks and national GHG inventories (e.g. ICOS). This would 

underline the broader significance of the comparison. 

Indeed, our results clearly show that chamber measurements with LAS technique are more sensitive for CH4 and N2O, 

generally allowing a more accurate determination of fluxes and consequently a more reliable assessment of yearly and long-

term ecosystem GHG sinks and sources. For example, at ICOS Ecosystem Stations, accurate high-frequency non-portable 

analyzers are used with automatic chambers. However, additional manual chamber measurements are still recommended to 

capture spatial variability (Pavelka et al., 2018, doi: 10.1515/intag-2017-0045) and remain essential at stations without 

automatic systems for assessing ecosystem GHG exchange. The N2O and CH4 fluxes from such manual chambers are so far 

often analyzed using syringe sampling with subsequent GC analysis. This is primarily because small portable online analyzers 

are still relatively new on the market whereas analyzers that have been on the market for a longer time are often less portable 

and therefore challenging to use at a broader scale (e.g. field scale). Therefore, for future GHG assessments in long-term 

monitoring, we suggest using LAS techniques in comparison to GC techniques in terms of providing a more accurate 

calculation of ecosystem GHG exchange regarding these two gases. We will reflect on this in the discussion section of the 

revised manuscript to underline a broader significance of our results with regard to long-term monitoring. 

 

 

 


