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The reviewers’ comments are named as R1 (reviewer 1) and R2 (reviewer 2) followed by C1, C2, C3, etc.,

numbering in order the comments. The authors’ response is numbered in a similar way, using AR C1, AR C2,

etc. The new figures crafted for this author’s response are numbered AR1, AR2, etc., to distinguish them from the

figures in the submitted manuscript.

1 Reviewer 1

1.1 General comments

R1 General comment. This dataset makes a valuable contribution to understanding the water–energy–carbon

balance in agroforestry/cropland/grassland ecosystems and their potential as nature-based climate solutions. By

providing 10 long-term, harmonized datasets across North Germany (78 site-years), the authors offer an important

resource for the scientific community. The paper is well structured, and the authors clearly describe the measured

variables, data processing, uncertainties, and comparisons with standardized datasets such as FLUXNET formatted

ones. The paper also highlights well the ecological and social relevance of the work. I only have minor suggestions

about data visualization, paper structure, and potential analyses as below:
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AR General comment. We appreciate the reviewer’s comment about our manuscript. We are thankful for

bringing out the main novelty of the study and key points, and also for the recommendations regarding changes

that the manuscript should undergo. These major points are addressed throughout the comments in the following

section.

1.2 Specific comments

R1 C1. In the method, the authors can consider merging Sections 2.3.2 and 2.3.3, since section 2.3.3 (XGBoost

implementation) describes a gap-filling method that fits within section 2.3.2.

AR C1. Thanks for the suggestion. Section 2.3.3 describes the general way XGBoost was implemented, both

for meteorological and flux density data. That is why we decided to keep it as a separate section, because some

information is common to both filling meteorological and eddy covariance time series. However, to make it slightly

less confusing, we added this section as section 2.2.3, right after explaining the gap filling of meteorological data,

and then referred back to it when explaining the gap filling of eddy covariance data. Then we added a reference to

that subsection when explaining XGBoost specifically applied to eddy covariance (”The original code implementing

XGBoost (see section 2.2.3) was used in ...”).

R1 C2. It is surprised to see that measured SW IN has no records in the last three years (Fig. 3), please clarify

or explain this gap.

AR C2. Thanks for the comment. This is not a gap of three years, it was a visualization effect. Most data were

measured, but the filled data using ERA5-Land were drawn after the measured ones and they were overlapping.

We reduced the size of the points, changed the colors for a better visualization, and drew the measured data at

the end, so then it is clear they dominate. We still added a note to the caption of both figures 3 and 5, stating

”Note that not all the filled points are visible in the figure; often, measured values impede the visualization of filled

values.”.

R1 C3. I am confused about Fig. 5. It is unclear to me whether XGBoost and REddyProc results overlap or

correspond to different gap-filling periods. If they overlap, consider using or referring to a scatterplot for clarity.

The same suggestion applies to Figure 3 if methods were applied over the same period.

AR C3. Thanks for the comment. The data filled with REddyProc or XGBoost do not overlap, they correspond

to different periods. We already used scatter plots for Figures 3 and 5, and the fact that points seem to overlap is

just a visualization effect. However, we changed slightly the figure, same as for Figure 3, according to the previous

comment AR C2, to improve visualization. We added the same sentence to the caption of Figure 5.

R1 C4. Line 373 “For WS and WD, the correlation between measured and ERA5-Land data is worst and varies

more across site” should include a figure reference.
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AR C4. Thanks for the suggestion. We included a reference to the figure in the Appendix: ”For WS and WD,

the correlation between measured and ERA5-Land data is worst (Fig. 5e and f)”.

R1 C5. Line 392: Please provide supporting evidence or a reference for this statement, as it cannot be confirmed

from Figure 5 alone.

AR C5. Thanks for the comment. We added two references to this statement. In general, gradient boosting

techniques, or tree ensemble algorithms, like XGBoost, smooth the extremes of the distributions due to the char-

acteristics of the ensemble modeling implemented in the codes. This is discussed in some papers presenting these

techniques, so we decided to cite the paper where XGBoost was presented (Chen and Guestrin, 2016) and another

paper more generally talking about gradient boosting machines (Friedman, 2001). The new text reads now as

follows: ”However, XGBoost smoothed the extreme values of the distributions for all variables, as demonstrated

by, for example, the gap-filled LE values, which were never below 0 (Fig. 5); this is a characteristic of gradient

boosting techniques (Chen and Guestrin, 2016; Friedman, 2001).”

R1 C6. Line 572: Could the authors provide FC values with storage correction? Storage flux can bias FC

measurements but can be estimated without installing a lower tower (see Pastorello et al., 2020). If tower height

<3 m, storage flux ≈ 0; otherwise, refer to FLUXNET processing guidance.

AR C6. Thanks for the suggestion. We calculated storage (SC ) values using the single point measurements of

the CO2 concentration. We added SC to FC to get NEE, then applied the same processing routine with cleaning,

filtering for the different USTAR thresholds, gap-filling and partitioning. We added the following paragraph to the

section 2.3.1, ”Processing of eddy covariance data”:

We updated the figures where we had displayed some FC values, to display NEE, concretely, Figures 5, 7

and C1. We updated the text explaining Fig. 7. The new results do not differ significantly from the previous ones,

but there are some differences in the annual sums of NEE with respect to FC (Fig. 7). Nevertheless, we added the

columns SC, cleaned FC and original FC, to the datasets, so then they are available to any user. We additionally

changed the term FC by NEE where it corresponds throughout the text. Finally, we updated the corresponding

paragraph in the discussion where the similarities and differences to the FLUXNET processing routine are discussed.
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2 Reviewer 2

2.1 General comments

R2 General comment. Callejas-Rodelas et al. present a unique dataset of land-atmosphere fluxes of energy,

water, and carbon for agroforestry systems and adjacent conventional systems. They use a novel low-cost eddy

covariance technique and use state-of-the-art post-processing procedures. In my opinion, the dataset provides

insights into ecosystems that are understudied given their potential for climate mitigation. The manuscript is well

written and provides enough detail to understand the processing steps. My concern is that ancillary data is missing

that is crucial for the interpretation of the fluxes to assess climate mitigation potential. First, without information

on standing biomass, carbon export through harvest, and carbon import through organic fertiliser, the existing flux

data will be difficult to interpret. The authors provide a table with information on crop rotation, but I believe

this is insufficient. At the minimum, the authors should discuss how this issue can be addressed in studies using

this dataset. Second, the authors mention the issue of tower location dependency of flux measurements. This is

an important issue and should be addressed in more detailed. They provide yearly flux footprint and highlight the

need for additional flux footprint modelling. However, to maximise the insights gained from footprint models, the

authors should consider publishing spatial maps/data on land cover and properties surrounding the flux towers.

End users can then use these maps to conduct their own footprint analyses.

AR General comment. We appreciate the reviewer’s comment about our manuscript. Indeed, carbon exports

are important to assess the longer term impact of AF on carbon balance. We added a table in the Appendix, with

the type of data and corresponding DOIs where the data on carbon yield from crops and straw can be found (see

reply AR C4). The readers can then refer to this table and the data within the repositories linked with the DOIs.

Furthermore, in further analyses we plan to consider as well all these data for better accounting for carbon exports

through harvest. We clarified in the caption of Figure 7 that the annual carbon sums do not include these data and

should be considered carefully. Regarding the land cover maps around the stations, we included shape files (.shp)

with the basic land cover information for all sites in the repository. We added a paragraph explaining this in section

5, ”Data records and usage of the dataset”, that reads as follows: ” Furthermore, land cover maps containing the

distinction between tree and crop areas at the sites were included in the repository. The maps are in the format

.qgz, which can be opened with any tool for geospatial analysis. At Wendhausen and Forst, the different crops at

the footprint area of the stations were also outlined, and the corresponding information to the crops rotation can

be found in Table A1”.

2.2 SPECIFIC COMMENTS

R2 C1. Line 8: How do the climatic regions differ?

AR C1. According to the Köppen-Geiger classification, the regions are slightly different, with two sites belonging

to the category of temperate oceanic climate (Cfb), Mariensee and Vechta, and the three other sites belonging to

the category of continental climate with warm summers and no dry season (Dfb). We added a column to Table 1
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with the climatic zone. Even though some of the sites share the same climate zone, there were differences in the

patterns and seasonal behavior of the meteorological variables across the measured period. However, for clarity,

we removed the word ”climatic” from that sentence in the abstract, so the sentence now reads ”... in five distinct

regions of Germany”.

R2 C2. Table 1: Why not using the reference period 1991-2020?

AR C2. The reference period was taken as 1981-2010 to exclude project years from the average, so then a better

comparison on the current conditions is done with respect to near-past conditions.

R2 C3. Table 1: The impact from the different soil properties on fluxes could also be discussed. Mariensee stands

out with a very high soil organic carbon content.

AR C3. We appreciate the suggestion. However, since this is a data description paper, we will leave most

discussions related to ecosystem functioning and differences between AF, OC or OG, and between the studied

regions, for future work. Currently we are preparing another publication were the carbon fluxes are discussed in

detail.

R2 C4. Line 89: Trees were harvested but information on exported biomass/carbon is missing.

AR C4. As written above in response to the main comment, indeed, carbon exports are important to assess

the longer term impact of AF on carbon balance. We added a table in the Appendix, with the type of data and

corresponding DOIs where the data on carbon yield from crops and straw can be found. The readers can then refer

to this table and the data within the repositories linked with the DOIs. This table looks like this:

Furthermore, in future analyses we plan to consider as well all these data for better accounting for carbon

exports through harvest. We clarified in the caption of Figure 7 that the annual carbon sums do not include these

data and should be considered carefully, adding the following sentences: ”Note that these sums do not included the

carbon exports through harvest of crops and trees. Comprehensive analyses on carbon balance over the studied

sites should include those data, accessible through DOIs in Table A3.”.

R2 C5. Figure 2: The target area for Mariensee is much smaller than the flux footprint. How useful are the flux

measurements then to understand the agroforestry impact? Additionally, the flux footprint overlap and fluxes are

thus not independent between AF and OC/OG.
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AR C5. Thanks for the comment. This is indeed one of the main shortcomings of this dataset for Mariensee,

however its impact of flux measurements remains uncertain. Some footprint filtering could be applied to flux

data, but this would remove even more data from the measurements, which means more data need to be filled; and,

additionally, the fact that footprint climatology overlap does not mean that all the flux contributions from a specific

period are the same for both stations. The major contributions come from around the stations, in a relatively small

area, with decreasing importance of every patch of land with increasing distance to the tower. A more detailed

footprint modeling would need to be based on a proper turbulence field characterization, prior to use the footprint

model after Kljun et al. (2015) or another one similar to it, including the detailed land cover information around the

stations. This is planned for future work, but it was not included in this dataset preparation since it would itself be

part of a completely different study. The main objective of this paper was to present and describe this dataset, and

at the same time provide a basis for further studies on this and other topics. In relation to this comment and the

major comment, we added to the repository the land cover maps of the different sites, with the distinctions between

crops and trees. Also, we added the additional crops that were cultivated in Wendhausen and Forst, besides the

main crop in the area. The maps, added as .qgz files, can be opened with any tool for geospatial analysis. We added

the corresponding information about the maps within the section 5, ”Data records and usage of the dataset”. We

added the following paragraph: ”Furthermore, land cover maps containing the distinction between tree and crop

areas at the sites were included in the repository. The maps are in the format .qgz, which can be opened with any

tool for geospatial analysis. At Wendhausen and Forst, the different crops at the footprint area of the stations were

also outlined, and the corresponding information to the crops rotation can be found in Table A1.”

R2 C6. Line 183: For testing the gap-filling performance (and particularly for testing XGBoost), how was the

dataset split in training and test? Was it done randomly or blocked? Due to the high autocorrelation in eddy

covariance data, random selection usually results in much higher correlation and lower RMSE.

AR C6. The split was done randomly, not blocked. However, the cross validation implemented in the code was

introduced to avoid overfitting and to get an average of the performance of the model in many different test datasets.

Therefore, we consider the RMSE estimate as reliable.

R2 C7. Line 289: It is important to establish if difference between lower-cost and EC methods are truly random

or if a systematic bias exists. This information is important to better understand the nature of the calculated error.

AR C7. According to the previous validation of these lower-cost (LC-EC) setups, published in Callejas-Rodelas

et al. (2024) and van Ramshorst et al. (2024), the LC-EC suffer from an intrinsic larger spectral attenuation,

which is considered a systematic error. However, when we assigned an individual error to the 30-min measurements

performed with LC-EC setups, the nature of that error is random because we did not explicitly assign a direction

to it. That means, the error is an uncertainty range around the exact value measured by the LC-EC, and that is

why, when propagating it through a sum, its magnitude reduces with the length of the time series used for the sum

aggregation. This method was applied in Callejas-Rodelas et al. (2025a), as briefly explained in the current paper.
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To provide a more robust estimate, we applied a different method for uncertainty estimates, based on

Richardson et al. (2007). We split the previous section 2.3.4 in two, now new section 2.3.3 is ”Evaluation of

gap-filling of eddy covariance data” and new section 2.3.4 is ”Uncertainty estimates of eddy covariance data”. This

is how the new text looks:
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Within section 2.3.5, we mention briefly the method based on error propagation explained in the previous

paper by Callejas-Rodelas et al. (2025a), and explain its limitation since it considers the error due to the lower-cost

eddy covariance as random, and when it propagates through a sum its magnitude reduces with the length of the

time series used for the sum. The remaining of section 2.3.5 focuses on explaining the method of Richardson et

al. (2007) with the slight modifications we implemented. Thanks to this method implementation, we now could

provide actual numbers to the uncertainty estimates. We run such method on the USTAR 50 % threshold scenario,

and we added a Table to section 3.2, ”Eddy covariance flux densities”, after Figure 7. The Table contains annual

sums of ET and NEE, with the uncertainty values obtained through that method, and a paragraph was added

explaining the content of the Table. This Table looks now like this:
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Please refer to the new version of the paper and the track-changes version to see all these changes.

R2 C8. Line 300: Here, and throughout the manuscript, it would be helpful to quantitatively support the main

text with actual numbers. As it is written now, most statements remain qualitative.

AR C8. We changed this section, according to what was described in the previous answer (AR C7). Please refer

to AR C7 for clarification.

R2 C9. Line 308: Why did the daytime partitioning fail? This information would be useful.

AR C9. We were not sure about the error, since the error message was that some of the time series used to

partition were not varying. However, this changed after the new processing including storage terms. The daytime

partitioning failed only for the last few USTAR scenarios, from percentile 87.5 to percentile 97.5. It could be due

to not enough data being available full filling the good quality requirement of REddyProc (QC=0), because for the

top USTAR percentiles more data are removed from the original time series. We updated the corresponding line

in the text: ” There was one exception, for Wendhausen OC, where the daytime partitioning method failed for the

upper percentiles (87.75 to 97.5) and only nighttime GPP and RECO were provided for those USTAR scenarios.”

R2 C10. Table 6: I am not sure how meaningful the mean parameters for all variables other than zm, z, and ha

are.

AR C10. The objective was to provide some mean characteristics of the parameters used in the footprint mod-

eling, but indeed it is not something very useful as we already provide all the parameters as time series anyways.

We removed all unnecessary columns and left only zm, z, ha and USTAR.

R2 C11. Table 7: I would suggest to only compare meteorological conditions between sites for overlapping periods.

AR C11. We thank the reviewer for the suggestion. We re-calculated the averages for similar periods, except for

the stations that covered less years. We did not include though similar periods for all sites because this would miss

many years from all the stations, as measurements started in Vechta in 2019 and stopped in Mariensee in 2021, and

the idea was to provide a climatic characterization of the sites without looking in detail at the patterns, variability

or differences across sites and AF or OC/OG. We clarified all of this in the caption so then it is not misleading

and we updated the values in the table. The new caption now reads: ”Averages of shortwave incoming radiation

(SW IN, W m−2), atmospheric pressure (PA, kPa), air temperature (TA, ◦C), relative humidity (RH, %), vapor

pressure deficit (VPD, kPa), precipitation (P, mm), wind speed (WS, m s−1) and wind direction (WD, ◦) for all

sites. Averages were calculated across the period 1 July 2016 to 1 July 2024 for Dornburg, Forst and Wendhausen;

1 July 2016 to 1 July 2021 for Mariensee; and 1 July 2019 to 1 July 2024 for Vechta. For P, the value was calculated

as the average of the annual cumulative sums across the corresponding period. For the other variables, the average

was calculated as the average of all 30 min values across the corresponding period. WD is expressed in degrees (◦)

from the North direction.”
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R2 C12. Figure 3: It looks like the wind speed is decreasing over time. Is that due to the growing trees? These

are important findings and should be discussed.

AR C12. We did not analyze in detail trends in wind speed but it could be indeed due to the growing trees.

However, it could also be an effect of some distinct climatic patterns and year-to-year variability. We added a

sentence to the corresponding paragraph ”WS slightly reduced in magnitude over time, mostly after 2021, an effect

that could be attributed to the increasing tree height after the tree harvest in that year at the site.”, to clarify this.

We decided not to add more details because the focus of the paper is mainly to describe the dataset processing and

some of its major features.

R2 C13. Line 420: I would suggest to not report partial years.

AR C13. We understand that full years are most valuable for future data users. Given, however, that we don’t

oversee all potential applications, e.g. just comparing certain months, in future work, we prefer to provide all data

we have as part of the paper and then let future users decide which data to select.
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