Dear Reviewer,

Thank you very much for your comments and professional advice. Your insights
have significantly contributed to enhancing the academic rigor of our article. We
appreciate the time and effort you devoted to reviewing our work. Based on your
valuable suggestions and requests, we have implemented corrections and
modifications to the revised manuscript. We believe these enhancements will further
strengthen the quality of our work. We would like to provide a detailed account of the
changes made:

Note: The modifications are shown in bold font. The comments are blue colored.

GENERAL COMMENTS:

Comment #1: It would be informative to include a description of how the sand,
silt, and clay content was computed. Did you consider using additive log-ratio
transformed clay, silt, and sand content as the dependent variables to ensure that
the sum of the three particle size fractions is 100%? Additionally, how was
uncertainty computed for sand, silt, and clay content?.

Response: Thank you for your insightful comments.

The soil particle size distribution in this study follows the International Society
of Soil Science (ISSS) and Katschinski’s schemes [Katschinski, 1956]. However,
most land surface models (LSMs) require soil texture data in the FAO-USDA (United
States Department of Agriculture) system. Therefore, the original 1SSS and
Katschinski particle-size distribution data were converted to the FAO-USDA system
using several particle-size distribution models (Shangguan, 2013).

In this study, we did not use additive log-ratio transformations. However, we
ensured that the sum of sand, silt, and clay content equaled 100%. The approach we
used is as follows:

Initially, when we obtained the soil profile samples for sand, silt, and clay, we set a
5% threshold to filter out poor-quality samples. Specifically, samples where the sum
of the three particle size fractions was greater than 105% or less than 95% were
excluded (Shangguan et al., 2013).

After this step, we ensured data quality by controlling for sample integrity. We
then built separate spatial prediction models for the three particle size fractions (sand,
silt, and clay). After generating the spatial prediction maps for each fraction, we
applied a weighting approach to ensure that the sum of the three fractions equaled
100%. We did not use additive log-ratio transformed method because we found that
the predicted sums are not far from 100% in almost all cases and different methods
(simple weighting and log-ratio) may not have big difference.

Regarding your question on uncertainty, we would like to clarify the following:

If you are referring to the uncertainty caused by particle-size distribution
conversion, we did not estimate this uncertainty. As mentioned earlier, we applied a 5%
threshold to filter out samples with significant conversion errors, and only the high-

1/24



quality samples were used. Different particle-size distribution conversion methods
exist, and we chose the method that best suited our dataset, without estimating the
uncertainty introduced by the conversion process itself.

However, if you are referring to the uncertainty of the mapping results in this study,
we did estimate the uncertainty for the generated maps.
Modification:

"For the sand, silt, and clay content from the FNSSC and SNSSC, they were
measured following the schemes of International Society of Soil Science (ISSS)
and Katschinski (Katschinski et al., 1956). Since most land surface models
(LSMs) and other applications require soil texture data in the FAO-USDA
system, we used several particle-size distribution models (Shangguan et al., 2013)
to convert the original ISSS and Katschinski particle-size distribution data into
the FAO-USDA system. A 5% quality control threshold was applied, excluding
soil profile samples where the sum of the three fractions fell outside the 95%-105%
range (Shangguan et al., 2013), and they were converted to make sure the sum of
them are 100% by using the weighting approach. For the mapping of each
particle size fraction (sand, silt, and clay), separate spatial prediction models
were developed, and the weighting approach was applied to ensure that the sum
of the three fractions equaled 100%.""

Katschinski, N. A.: Die mechanische bodenanalyse und die klassifikation der bo“den nach
ihrer mechanischen zusammensetzung, Pari, B, 321-327, 1956.

Shangguan, W., Dai, Y., Liu, B., Zhu, A., Duan, Q., Wu, L., Ji, D., Ye, A., Yuan, H., Zhang, Q.,
Chen, D., Chen, M., Chu, J,, Dou, Y., Guo, J., Li, H., Li, J., Liang, L., Liang, X., Liu, H., Liu, S., Miao, C.,
and Zhang, Y.: A China data set of soil properties for land surface modeling, J. Adv. Model. Earth
Syst., 5, 212—224, https://doi.org/10.1002/jame.20026, 2013.

Comment #2: Please clarify in the entire manuscript whether data-splitting
refers to cross-validation. If yes, please use the latter terminology, as it is more
widely used.

Response: Thank you for your valuable comment. In the manuscript, data-splitting
does not refer to cross-validation. Data-splitting refers to dividing the dataset into
training and test sets, where the model is trained on the training set and then evaluated
on the test set.

The definition in the manuscript in section 2.3.2 is as follows:

"The first method involved randomly selecting 10% of the multi-source soil
profiles as test samples, while the remaining 90% were used for training the
model (i.e., data-splitting)."

The definition in the manuscript in section 2.3.1 is as follows:

"This approach involved randomly dividing the training dataset into ten
folds. One-tenth of these sub-datasets was utilized as the validation sample, while
the remaining sub-datasets were applied for training the QRF model."

Cross-validation is used during the model training phase for hyperparameter
tuning using the training samples, whereas data-splitting is applied after
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hyperparameter tuning to evaluate the model’s performance on an independent test set.
The two methods serve different purposes in the study.

Comment #3: It is not clear how soil data from different time periods were
considered for the mapping. This issue needs to be addressed in the manuscript.
Response: Thank you for your insightful comment. In this study, for soil properties
that are more sensitive to temporal changes, such as pH, OC, CEC, TN, TP, TK, AN,
AK, and AP, we only used data from the Second National Soil Survey (1980s). As
such, we have included the following statement in the manuscript: "the maps of
CSDLv2 majorly represent the status of soil in 1980s."

We have revised the manuscript as follows: the first part has been included in the
Materials and Methods section (Section 2.1.2), and the latter part has been
incorporated into the Discussion section (Section 4.3):

Modification:

"For soil properties sensitive to temporal changes, such as soil pH, organic
carbon (OC), cation exchange capacity (CEC), total nitrogen (TN), total
phosphorus (TP), total potassium (TK), alkali-hydrolysable nitrogen (AN),
available phosphorus (AP), and available potassium (AK), we used only soil
profile data from the SNSSC. In contrast, for properties less sensitive to
temporal changes, such as sand, silt, clay, bulk density (BD), gravel, and porosity,
we combined data from multiple sources. Since most soil profiles are from the
SNSSC, the maps in CSDLv2 mainly represent the status of soil in the 1980s.""

"Last but not least, although this study utilized multi-source soil profile
data from different time periods to develop comprehensive static maps of soil
properties, the CSDLv2 maps mainly represent the status of soil in the 1980s, as
most soil profiles come from the SNSSC. For soil properties that change over
time, other multi-source soil profile data have not been fully utilized."™

Comment #4: For the description of the soil maps, it might be useful to add a
geographical map of China and refer to physical features rather than only using
compass directions. Please provide information on the spatial patterns
(paragraph 3.3) of all the derived maps: maps of TN, AN, porosity, gravel, AP,
and colours are not described.

Response: Thank you for your valuable comment. In response to your suggestion
regarding the description of the soil maps, we have added a geographical map of
China showing the topography as a reference (Figure 2).

Additionally, as you recommended, we have expanded the manuscript to
include spatial pattern information for soil properties (TN, gravel, porosity AN,
and AP), in addition to organic carbon (Figure 4). The spatial patterns of derived
maps are now described in paragraph 3.3 and visualized in Figures S2-S26. In
addition, we also added maps with spatial details in Fig.S26-30.

Modification:
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""Fig. S26-30 shows the spatial details of other soil properties, including TN,
gravel, porosity AN, and AP.""

Since the soil color variation is not significant within small areas, we did not
include its visualization in the manuscript.

Comment #5: Data accessibility is problematic. | see that the maps could be
downloaded through FTP, but it didn’ t work for me. The download site needs
improvement, or information on how to use it should be provided.

Response: Thank you for your valuable feedback. The data is hosted on a national
data platform of China, and unfortunately, we do not have the authority to modify the
download methods provided by the platform. Currently, File Transfer Protocol (FTP)
is offered as the primary method for accessing large datasets, as it is generally more
efficient and reliable than HTML downloads for handling large files. We recommend
using common FTP clients like Filezilla (https:/filezilla-project.org/) or FlashFXP
(https://www.flashfxp.com/), which are widely used and support FTP downloads.

To further clarify the process, we have added a detailed explanation in the
manuscript on how to download the dataset provided in this study:

"Users can efficiently download the data using the File Transfer Protocol
(FTP) account information provided at the above links and common FTP client
tools such as Filezilla (https:/filezilla-project.ora/) or  FlashFXP
(https://www.flashfxp.com/)."

SPECIFIC COMMENTS:

Comment #6: TITLE: you could put into brackets the acronym of the database:
(version 2)
Response: Thank you for your suggestion. | have updated the title to include the acronym of the
dataset as follows: "A China dataset of soil properties for land surface modeling (version 2,
CSDLv2)."

Comment #7: L21: please add information on accuracy based on all depth
intervals, not only 0-5 cm.

Response: Thank you for your valuable feedback. | have revised the manuscript to
include accuracy information based on all depth intervals, as you suggested. The
updated sentence now reads: "The prediction accuracy of soil properties at all
depth intervals ranged from good to moderate, with Model Efficiency
Coefficients for most soil properties median ranging from 0.29 to 0.70 during
data-splitting validation and from 0.25 to 0.84 during independent sample
validation."

Comment #8: L36: it seems to be Lu et al. (2016) based on reference list. Please
check and correct.
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Response: Thank you for your careful review. After checking the reference list, we
confirm that the citation is correct as Luo et al., 2016, not Lu et al., 2016. The
reference is as follows:

Luo, Y., Ahlstrom, A., Allison, S. D., Batjes, N. H., Brovkin, V., Carvalhais, N., Chappell, A., Ciais,
P., Davidson, E. A,, Finzi, A., Georgiou, K., Guenet, B., Hararuk, O., Harden, J. W., He, Y., Hopkins, F.,
Jiang, L., Koven, C., Jackson, R. B., Jones, C. D., Lara, M. J., Liang, J., McGuire, A. D., Parton, W.,
Peng, C., Randerson, J. T., Salazar, A., Sierra, C. A., Smith, M. J., Tian, H., Todd-Brown, K. E. O., Torn,
M., Van Groenigen, K. J., Wang, Y. P., West, T. O., Wei, Y., Wieder, W. R,, Xia, J., Xu, X., Xu, X., and
Zhou, T.: Toward more realistic projections of soil carbon dynamics by Earth system models,
Global Biogeochemical Cycles, 30, 40-56, https://doi.org/10.1002/2015GB005239, 2016.

Comment #9: L39: please cite other papers as well.
Response: Thank you for your suggestion. I have now included additional citations,
to provide a broader context. The updated sentence reads:

"There is an urgent need for detailed, accurate, and up-to-date soil
information to develop solutions for these challenges and to inform decision-
making related to natural resource management (Arrouays et al., 2014; Dai et al.,
2019b; Li et al., 2024)."

Arrouays, D., Grundy, M. G., Hartemink, A. E., Hempel, J. W., Heuvelink, G. B. M., Hong, S. Y.,
Lagacherie, P., Lelyk, G., McBratney, A. B., McKenzie, N. J., Mendonca-Santos, M. d.L., Minasny, B.,
Montanarella, L., Odeh, I. O. A. Sanchez, P. A, Thompson, J. A, and Zhang, G.-L.:
GlobalSoilMap:Toward a Fine-Resolution Global Grid of Soil Properties, in: Advances in Agronomy,
vol. 125, Elsevier, 93 - 134, https://doi.org/10.1016/B978-0-12-800137-0.00003-0, 2014.

Dai, Y., Shangguan, W., Wei, N., Xin, Q., Yuan, H., Zhang, S., Liu, S., Lu, X., Wang, D., and Yan,
F.: A review of the global soil property maps for Earth system models, SOIL, 5, 137 - 158,
https://doi.org/10.5194/s0il-5-137-2019, 2019b.

Li, T., Cui, L., Kuhnert, M., McLaren, T. I., Pandey, R, Liu, H., Wang, W., Xu, Z., Xia, A., Dalal, R.
C., and Dang, Y. P.: A comprehensive review of soil organic carbon estimates: Integrating remote
sensing and machine learning technologies, Journal of Soils and Sediments,
https://doi.org/10.1007/s11368-024-03913-8, 2024.

Comment #10: L47: please rephrase the following: “exemplified by Brazil’ s” ,
the sentence is not finished.

Response: Thank you for your feedback. I have revised the sentence as follows:
"Additionally, broader-scale resolution maps, ranging from 250 to 5000 m, have
also been investigated at the national level, exemplified by Brazil (Gomes et al.,
2019)."

Comment # 11: L64: == (McBratney et al., 2003) -+ the mistyping errors of

references could be prevented by using a referencing tool. Please recheck in the
entire text if reference list is in line with their citations.
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Response: Thank you for your valuable feedback. I have carefully rechecked the
entire manuscript and ensured that all references are now correctly aligned with their
citations in the text. Any mistyping errors found have been corrected.

Comment # 12: L68: please shortly describe in the text the limitations of the
existing dataset.

Response: Thank you for your valuable feedback. In response to your suggestion, we
have now provided a concise description of the limitations of the existing dataset,
which include the reliance on the traditional polygon linkage method, limited soil
profile samples, and the lack of comprehensive soil property variables. These
limitations have highlighted the necessity for a new version of the dataset to
overcome these challenges.

Modification:

"In summary, the existing dataset has several limitations, including its
reliance on the traditional polygon linkage method, a limited number of soil
profile samples, and the fact that it only contains basic soil property variables,
lacking more comprehensive soil properties. Given these limitations, there is a
compelling need to develop a new version of the dataset to address these
challenges.™

Comment # 13: L80: please rephrase the following: “soil specie survey” , it is
mistyped.

Response: Thank you for pointing that out. | have corrected the typo, and "soil
specie survey" has been changed to "soil series survey."

Comment # 14: L83: please add the list of mapped soil properties.
Response: | have updated the manuscript to include the list of mapped soil properties.
The revised sentence now reads:

"However, the study relied solely on a constrained set of about 4,500 soil
profiles collected during the recent national soil survey, generating national grid
maps for only some fundamental soil properties, including pH (H20), organic
carbon, cation exchange capacity, total nitrogen, total phosphorus, total
potassium, bulk density, gravel content , soil texture, and soil thickness."

Comment # 15: L84-85: please write with lower case letters the words
“available” and “alkali” . Is there a more general name for AN? E.g.:
potential long-term supply of nitrogen in the soil (alkali-hydrolysable nitrogen,
AN), or something similar?
Response: Thank you for your helpful suggestions. | have revised the text to use
lower case letters for "available™ and "alkali," and | have also provided a more general
description for AN as "an index of the potential capacity of the soil to supply
nitrogen." The revised sentence now reads:
"The limitations stem from the absence of more comprehensive national

grid maps for soil properties, including the fractions of total phosphorus and
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potassium readily available for plant absorption (available phosphorus, AP;
available potassium, AK), an index of the potential capacity of the soil to supply
nitrogen (alkali-hydrolysable nitrogen, AN), porosity, and others, imposing
constraints on applications that necessitate a broader spectrum of soil properties
information."

Comment # 16: L94-107: please decrease repetition, by mentioning each
advancements once in a logical order.

Response: Thank you for your valuable feedback. | have reduced repetition by
mentioning each advancement only once and reorganizing the points in a logical order.

Comment # 17: L102: highlight that covariates were considered for the mapping
as independent variables/predictors in the ML. Please consider that
improvement in resolution is the result of points 1-3, therefore it could be
mentioned after the points 1-4.

Response: Thank you for your valuable feedback. I have highlighted that high-
resolution environmental covariates were considered as predictors in the machine
learning models, which contributed to the improvement in resolution. Additionally,
the improvement in spatial resolution is now mentioned as the result of points 1-3, as
suggested.

Comment # 18: L104: please rephrase the following, it is difficult to understand:
“without explicitly uncertainty estimates in CSDLv1”

Response: Thank you for your feedback. | have rephrased the sentence for clarity.
The revised version now explains that Quantile Regression Forests (QRF) were used
in CSDLv2 to quantify prediction uncertainty, replacing the quality control
information provided in CSDLv1, which did not include explicit uncertainty estimates.
Additionally, point 4 (regarding uncertainty) has been removed in the revised
manuscript following a logical restructuring.

Comment # 19: L109: -« in Fig. 2. »*= or change the order of Fig. 1 and 2.
Response: We appreciate your feedback, and we have changed the order of Figures 1
and 2 accordingly.

Comment # 20: L114-115: based on the entire manuscript 1) validation was
performed based on data-splitting and independent soil profile dataset with
measured soil data, and 2) comparison was done with existing national and
global soil maps. Please consider it and revise the text and workflow figure (Fig.
2. left bottom corner) accordingly.

Response: Thank you for your valuable feedback. | have revised the text and updated
the workflow figure (Fig. 2, left bottom corner) accordingly to reflect the validation
performed based on data-splitting and an independent soil profile dataset with
measured soil data, as well as the comparison with existing national and global soil
maps.
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Comment # 21: L132: --- in Fig. 2 --- change order of figures as suggested above.
Response: Thank you for your suggestion. | have revised the text to reflect the
change in the order of the figures, specifically updating it to “-- in Fig. 2 =" as
recommended.

Comment # 22: L150: it might be better to write “location” instead of “’

space” .

Response: | have updated the text to replace “space” with “location” as
recommended.

Comment # 23: L153: it is OK to use soil type information from HWSD, but
please shortly explain why you used this 1 km resolution map instead of
SoilGrids 250 m resolution.

Response: Thank you for your insightful comment. Unfortunately, when we initially
prepared the covariates, we did not fully consider the availability of the SoilGrids soil
type map. Theoretically, both SoilGrids (250 m resolution) and HWSD (1 km
resolution) soil type maps could be used in our study. However, it is difficult to
definitively say which dataset is superior, as they are generated using different
methods. Previous research (Chen et al., 2019; Wadoux et al., 2020) has shown that
soil type plays a relatively minor role in large-scale soil property mapping, and its
influence on the final results is usually limited. Nonetheless, we agree that using the
SoilGrids soil type map could be valuable, and we will consider incorporating it as a
covariate in future studies.

Chen, S., Liang, Z., Webster, R., Zhang, G., Zhou, Y., Teng, H., Hu, B., Arrouays, D., and Shi, Z.:
A high-resolution map of soil pH in China made by hybrid modelling of sparse soil data and
environmental covariates and its implications for pollution, Science of The Total Environment, 655,
273-283, https://doi.org/10.1016/j.scitotenv.2018.11.230, 2019.

Wadoux, A.M.J.-C., Minasny, B., McBratney, A.B., 2020. Machine learning for digital soil
mapping: Applications, challenges and suggested solutions. Earth-Science Reviews 210, 103359.
https://doi.org/10.1016/j.earscirev.2020.103359

Comment # 24: L159: aspect is not included in Table S2, please add it or delete
in the text if it was not used.
Response: | have removed the reference to "aspect™ from the text.

Comment # 25: L160: do you mean “organism related covariate” ? Please
rephrase.

Response: Thank you for your suggestion. | have revised the text to use "organism
related covariates"

Comment # 26: L174: similar as above, why soil factors were derived from
HWSD 1 km, why not from SoilGrids 250 m?
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Response: Thank you for your comment. Please refer to the response to Comment #
23.

Comment # 27: L181-182: please note that Pearson correlation coefficient can
detect only linear relationships. Why didn” t you let RFE decrease the number
of covariates? Why did you consider first Pearson corr. coeff. to decrease the
number of predictors?

Response: Thank you for your valuable question. As shown in Figure 1, in this study,
we first applied the Pearson correlation coefficient followed by Recursive Feature
Elimination (RFE). The Pearson correlation coefficient offers a simple and efficient
way to quickly identify linearly correlated redundant features, thereby reducing the
number of covariates and the computational load for the subsequent feature
elimination process.

After this initial filtering, RFE is applied to the reduced feature set for a more
thorough evaluation, identifying the most important predictors that contribute to the
model. This combination of methods allows us to leverage the strengths of both
approaches: Pearson correlation is used to eliminate linear redundancy, and RFE is
employed to refine feature selection, ultimately enhancing the model’s efficiency and
performance.

Furthermore, similar approaches have been adopted in other studies, where
Pearson correlation was used first to filter linearly correlated features, followed by
RFE for feature selection (Liu et al. 2022a; Poggio et al., 2021).

Liu, Wu, H., Zhao, Y., Li, D., Yang, J.-L., Song, X., Shi, Z., Zhu, A.-X., and Zhang, G.-L.: Mapping
high resolution National Soil Information Grids of China, Science Bulletin, 67, 328-340,
https://doi.org/10.1016/j.scib.2021.10.013, 2022a.

Poggio, L., De Sousa, L. M., Batjes, N. H., Heuvelink, G. B. M., Kempen, B., Ribeiro, E., and
Rossiter, D.: SoilGrids 2.0: producing soil information for the globe with quantified spatial
uncertainty, SOIL, 7, 217-240, https://doi.org/10.5194/s0il-7-217-2021, 2021.

Comment # 28: L201: could you please add in the supplementary material info
about the 15 most important variables for all depth and soil properties?
Similarly to Fig. S26, which shows it for depth 0-5 cm.

Response: Thank you for your suggestion. We have added information about the 15
most important variables for all depths and soil properties in Figures S31-S52. We
have added the following text to the manuscript:

"The relative importance of the top 15 environmental covariates for other soil
properties across all depths is visualized in Figures S31-S52.""

Comment # 29: L201: please: mention somewhere under “2 Materials and
Methods” how resolution of the derived maps was defined.

Response: Thank you for your insightful comment. We chose to develop the soil
property dataset at a 90-meter resolution because most of the high-resolution
covariates used in our study are available at either 30-meter or 90-meter resolutions.
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Importantly, several key environmental covariates, such as topography, are available
at a 90-meter resolution, and considering the significant computational demands of
generating a 30-meter resolution dataset, we determined that 90 meters would be the
most suitable resolution for this study.

Modification:

""The resolution of the derived soil property maps was defined based on the
resolution of the available environmental covariates. Most high-resolution
covariates are available at 30-meter or 90-meter resolutions, with key covariates
like topography available at 90 meters. Considering both the availability of
covariates and the computational cost of generating a 30-meter resolution
dataset, we selected a 90-meter resolution as the target resolution for developing
the soil property dataset in this study."

Comment # 30: L252: do you mean 1° X 1° tiles?
Response: Yes, | have modified the corresponding content in the text to "1° X 1°
tiles.”

Comment # 31: L262: Please specify “four different values” . Do you mean four
prediction related values?

Response: Thank you for your comment. We have revised the text as follows to
enhance clarity:

""Using the selected environmental covariates from the aforementioned feature
engineering, the constructed model was applied to compute four statistical

qo.50

), and 0.95 quantile

qo.05

values—mean, 0.05 quantile (" "), median (0.50 quantile,

("°**)—at every 90 m pixel across all standard depth layers."

Comment # 32: L271-276: as mentioned above, please clarify if 10 fold cross-
validation was performed. Does | mean that all the 1540 Chinese soil profiles of
the WoSIS dataset was used only for validation?

Response: Thank you for your comment. Please refer to the response to Comment # 2.
Yes, all the 1540 Chinese soil profiles of the WoSIS dataset were used as test samples
based on independent validation.

Comment # 33: L314-315: please consider the following and rephrase if you
agree: the goal might be to have training data that is representative for China’ s
soil types. Do you think that the datasets available to train the model represents
well the soil types under different land cover? | ask it because in the case of
many countries soils from arable land are well represented, but soils from
forested areas, or organic soils, or less widespread soils types are
underrepresented. How it is in your case?
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Response: Thank you for your valuable comment. The phrase "enhance the
representativeness of the soil profile samples” in the original sentence was not
referring to an increase in the representativeness of specific soil types, but rather to a
general increase in the spatial coverage of soil profile samples. By adding more soil
profile samples, the overall representativeness increases, both in terms of spatial
distribution and, to some extent, soil types. However, this does not fully address the
issue of sample imbalance between different land cover types, such as the
overrepresentation of samples from arable land and underrepresentation from forested
areas or organic soils. Soil surveys have historically focused more on agricultural
lands, and achieving a balance across different soil types and land covers remains a
challenge.

We have modified the original text as follows:

"As observed in Fig. S1, the probability density distributions of soil
properties from multiple sources exhibit a generally similar trend, with minor
differences that increase the spatial representativeness of the soil profile samples,
rather than representing specific soil types."

Comment # 34: L319-322: please note that vertical change in soil properties
depends on soil types. Several soil properties are addressed in this manuscript,
therefore be specific and do not state that “the average concentrations of most
soil property variables tend to decrease with increasing depth (e.g., OC, TN),
showing positive skewness distributions.” The last statement is confusing:
“‘indicating no statistically significant differences between samples from
different depths.” Is it the case for OC ?

Response: Thank you for your valuable feedback, and I apologize for the confusion. |
have revised the original text as follows:

Revised text: ""The vertical changes in soil properties vary depending on the
specific soil property and soil type. For example, the content of OC and TN
generally decreases with increasing depth in most soil types, exhibiting positive
skewness distributions. However, other properties, such as soil pH or BD, show
different vertical patterns depending on soil composition and local conditions."

Regarding your question on the statistical significance, 1 would like to clarify
that in our case, the p-value for OC between different depths is less than 0.05,
indicating significant differences in OC across different depths.

The revised the original text as follows:

"Levene’s test between samples from different depths yielded p-values
greater than 0.05 for soil properties, indicating no statistically significant
differences between samples from different depths."

Comment # 35: L336: please add what can be the reason for the vertical decline
in the predictability of soil texture.

Response: Thank you for your insightful comment. | have added an explanation
regarding the reasons for the vertical decline in the predictability of soil texture.

The revised text now as follows:
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"This decline may be attributed to the fact that environmental covariates
primarily reflect surface conditions, leading to reduced correlation with deeper
soil properties. Additionally, the decrease in sample size at greater depths may
also contribute to this trend. Similar observations have been noted in other
related studies (Liu et al., 2020; Poggio et al., 2021)."

Liu, F., Zhang, G-L., Song, X., Li, D., Zhao, Y., Yang, J., Wu, H., and Yang, F.: High-resolution
and three-dimensional mapping of soil texture of China, Geoderma, 361, 114061,
https://doi.org/10.1016/j.geoderma.2019.114061, 2020.

Poggio, L., De Sousa, L. M., Batjes, N. H., Heuvelink, G. B. M., Kempen, B., Ribeiro, E., and
Rossiter, D.: SoilGrids 2.0: producing soil information for the globe with quantified spatial
uncertainty, SOIL, 7, 217-240, https://doi.org/10.5194/s0il-7-217-2021, 2021.

Comment # 36: L339: please add information about the deeper layers, as well.
Response: Thank you for your suggestion. | have updated the text to include
information about the prediction accuracy for organic carbon (OC) across all depth
layers, rather than only focusing on the surface layer. The revised statement now
reads:

"The prediction accuracy for OC was relatively high, with approximately 25%
to 60% of the variation in OC across all depth layers explained in both data-
splitting and independent validation methods."*

Comment # 37: L350: what do you mean by “regional covariates” ? Please
rephrase.

Response: Thank you for your question. | have revised the text replacing "regional
covariates.” The updated sentence now reads:

"Conversely, the prediction accuracy for soil pH slightly increased with depth.
This improvement may be partly due to the increased stability of soil pH in
deeper layers over large areas, leading to more consistent relationships with
environmental factors (Liu et al., 2020).""

Liu, F.,, Zhang, G.-L., Song, X., Li, D., Zhao, Y., Yang, J., Wu, H., and Yang, F.: High-resolution
and three-dimensional mapping of soil texture of China, Geoderma, 361, 114061,
https://doi.org/10.1016/j.geoderma.2019.114061, 2020.

Comment # 38: L356: Fig. 4 is discussed later than Fig. 5, please change order of
the figures.

Response: Thank you for your comment. | have rearranged the figures and changed
the order of Figures 4 and 5 accordingly.

Comment # 39: L357-358: please explain more the fact that you describe in

sentence starting with “The gross +*+” . Please note that values of soil properties
not always increase with depth.
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Response: Thank you for your comment. We agree that not all soil properties
increase with depth, and we have removed the original sentence for clarity.

Comment # 40: L364: please rephrase the first sentence, it is not complete.
Response: Thank you for your feedback. | have revised the first sentence to improve
its completeness.
The updated sentence now reads:

"As shown in Fig. 4(b) for BD, northern regions tend to have higher bulk
density due to low organic matter content and frequent agricultural activities."

Comment # 41: L366: please explain what you mean by “looser soil particles” .
What is the reason of having .lower bulk density in the Qianghai-Tibet Plateau?
Response: Thank you for your question. By "looser soil particles,” I meant higher
porosity, which refers to soils with more pore space between particles, resulting in
lower compaction. In regions with higher organic matter content, such as the southern
areas, soils typically have a more porous structure, leading to lower bulk density (BD).
Regarding the Qinghai-Tibet Plateau, the lower BD in this region is primarily
attributed to the higher organic carbon (OC) content, which also results in lower
compaction and density.
For clarity, we have revised the original sentence to:

"Southern regions generally have lower bulk density owing to higher
organic matter content and higher porosity."

Comment # 42: L367: Is land use the only factor that influence BD in the south-
eastern coastal areas? Please explain differences in BD in deeper horizons, which
are less affected by land use.
Response: Thank you for your insightful comment. To clarify, the original sentence
refers specifically to surface soils, which are more affected by land use practices. we
have revised the original sentence to avoid confusion as follows:

""Southeastern coastal areas show significant variation in surface bulk
density, heavily influenced by land use practices.™

Regarding the deeper soil horizons, we did not discuss them in this study.
However, bulk density in deeper layers is influenced by a variety of factors such as
geological conditions, parent material, and compaction from overlying soil layers.
These factors play a more dominant role in deeper horizons compared to surface soils,
which are primarily affected by land use.

Comment # 43: L368: please rephrase the first sentence, it is not complete.
Response: Thank you for your feedback. | have revised the first sentence to improve
its completeness.
The updated sentence now reads:

""As shown in Fig. 4(c), OC content decreases from southeast to northwest,
corresponding with the influence of the southeast monsoon."
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Comment # 44: L368-373: please be more specific in referencing the specific
regions. Present sentences are contradicting, due to specifying the locations
based on the points of the compass.

Response: Thank you for your comment. Please refer to the response to comment #4.
The updated sentence now reads:

"As shown in Fig. 4(c), the spatial predictions of OC content reveal
significant regional differences. The highest OC levels are found in the eastern
Tibetan Plateau, northeastern China, and northern Xinjiang, where human
activities are minimal. In contrast, the lowest OC content is observed in the
northwestern desert regions. OC content shows a decreasing trend from
southeast to northwest, corresponding to the influence of the southeast monsoon.
OC content is closely related to climatic conditions and land use practices
(Zhang et al., 2023b; Zhou et al., 2019b). The spatial pattern of total nitrogen
(TN) is similar to that of OC content."

Comment # 45: L373: please discuss map of TN, and why it shows similar
pattern with OC.

Response: Thank you for your comment. | have revised the text to explain why the
spatial pattern of total nitrogen (TN) is similar to that of soil organic carbon (SOC).
The revised sentence now as follows:

"Areas with high precipitation and good vegetation cover tend to have
higher OC and TN levels, while areas with low precipitation and poor vegetation
cover tend to have lower OC and TN levels. This is because both OC and TN are
closely related to organic matter input from vegetation. In regions with high
vegetation productivity, organic matter contributes to both carbon and nitrogen
accumulation in the soil, resulting in similar spatial patterns for OC and TN.""

The revised sentence now as highlights that both OC and TN are influenced by
similar factors, such as precipitation and vegetation cover, which lead to their
comparable spatial distributions. The accumulation of organic matter, driven by
vegetation, contributes to the levels of both carbon and nitrogen in the soil, hence the
similar patterns observed in the maps.

Comment # 46: L400: --- lists the PICP values ---
Response: We have changed the text to "...lists the PICP values ...".

Comment # 47: L410: please discuss how uncertainty changes with soil depth.
What can be an explanation for that change?
Response: Thank you for your valuable comment. We have added a discussion on
how uncertainty changes with soil depth in the revised manuscript.
The revised sentence as follows:

"As soil depth increases, the uncertainty in predictions for properties like
OC and pH generally decreases due to the more stable nature of subsurface
layers, reduced influence from external factors, and the fact that deeper soils are
less affected by environmental covariates. Additionally, while topsoil is more
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complex and variable due to its interaction with the environment, subsurface
layers tend to have more consistent properties, leading to a less uncertainty in
predictions at depth (Liu et al., 2022a).""

The revised text now includes explanations for the observed changes in
uncertainty, specifically relating to the influence of soil composition and
environmental factors at different depths.

Liu, Wu, H., Zhao, Y., Li, D., Yang, J.-L., Song, X., Shi, Z., Zhu, A.-X., and Zhang, G.-L.: Mapping
high resolution National Soil Information Grids of China, Science Bulletin, 67, 328-340,
https://doi.org/10.1016/j.scib.2021.10.013, 2022a.

Comment # 48: L413-414: do you mean that organism type variables have the
highest variable importance? Please rephrase.
Response: Yes, we have changed the text as follows:

"Overall, organism-type covariates account for a significant proportion
among different categories of environmental factors."

Comment # 49: L422: please note that soils developed on shallow bedrock do not
always have low OC. Vegetation type on those soils influence the rate of OC
accumulation.

Response: Thank you for your insightful comment. We have revised the sentence for
clarity as follows:

""Shallow bedrock typically results in thinner soil layers, which can limit soil
development and the accumulation of OC. However, soils developed on shallow
bedrock do not always have low OC, as the rate of OC accumulation can be
significantly influenced by the type of vegetation present."*

Comment # 50: L437: what is the source of organic matter content (TERECO)
input layer in the case of clay content maps of CSDLv2? Isn’ t it terrestrial
ecosystems? Please revise the sentence.
Response: We have revised the original sentence to:

"For clay prediction, organism-type covariates (e.g., TERECO, Table S1)
rank as the most important environmental covariate."
The source of the TERECO input layer is provided in Table S1
(https://landscapel2.arcgis.com/arcgis/rest/services/World_Terrestrial _Ecosystems/|
mageServer).

Comment # 51: L441—443: please rephrase the last two sentences of the
paragraph, those are difficult to understand.

Response: Thank you for your comment. The last two sentences did not add
substantial meaning, so we have removed them for clarity.

Comment # 52: L446-447: please provide more information about the results of
Shrini atel. (2017). It is not clear how that is related to your results on CEC.
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Response: Thank you for your comment. We have added the following text to further
explain the relevance of Shiri et al. (2017) to our findings:

"Shiri et al. (2017) investigated the relationships between soil carbon
content, clay content, and particle size with CEC. They found that higher
organic carbon and clay content significantly enhance CEC due to their high
specific surface areas and cation retention capacities. This is consistent with our
findings, where areas with higher organic content, influenced by plant root
activity, showed higher CEC value."

Shiri, J., Keshavarzi, A., Kisi, O., Iturraran-Viveros, U., Bagherzadeh, A., Mousavi, R., and
Karimi, S.: Modeling soil cation exchange capacity using soil parameters: Assessing the heuristic
models, Computers and Electronics in Agriculture, 135, 242-251,
https://doi.org/10.1016/j.compag.2017.02.016, 2017.

Comment # 53: L451: -+- SoilGrids 2.0 --- please correct it here and the entire

manuscript.

Response: We checked the full text, as well as the corresponding content modified to
‘...S0ilGrids 2.0 ..." .

Comment # 54: L452: please add the selection criteria both in the text and
caption of Table 3. E.g., soil properties with highest prediction accuracy, or
something similar.

Response: Thank you for your comment. We have revised the manuscript and Table
3 accordingly. The text now reads:

"Table 3 lists the validation accuracy of selected soil properties with the
highest prediction accuracy using the data-splitting validation method.""
Additionally, the caption of Table 3 has been updated to:

"Table 3. Accuracy evaluation of the selected soil properties with the
highest prediction accuracy in CSDLv2, CSDLv1, SoilGrids 2.0, and HWSD 2.0,
based on the randomly held-back soil profiles. ...... "

Comment # 55: L458-462: In the case of MEC calculate a percentage
improvement relative to the possible range or describe absolute improvement, e.g.
MEC improved from 0.48 to 0.69.

Response: Thank you for your suggestion. In response to your comment, we have
revised the manuscript to describe the absolute improvement in MEC values instead
of calculating a percentage improvement. The text now reflects this change, with
examples of absolute improvements included.

Modification:

""Specifically, using data-splitting validation as an example, our predictions
for pH demonstrated an absolute improvement in the mean MEC for all layers,
increasing from 0.60 to 0.70, while the RMSE decreased from 0.77 to 0.68
compared to SoilGrids 2.0. In comparison to CSDLv1, our prediction

16/24



performance for pH improved from 0.44 to 0.70, with the RMSE reducing from
0.96 t0 0.68. ...... "

Comment # 56: L477-479: do you think that CSDLv2 can better capture sites
with extremely low or extremely high values? If yes, please add it and discuss
why it can describe better the extreme values than the other maps.
Response: Thank you for your insightful comment. Yes, CSDLv2 can better capture
sites with extremely low or extremely high values. In response, we have added
discussion in the manuscript:

"Additionally, Figure 7 illustrates the ability of CSDLv2 and CSDLV1 to
capture site test values, showing that CSDLv2 is more effective in capturing
extreme values observed at the sites."

Comment # 57: L493-494: please add an example for “smoothing the properties
of certain regions” . Or rephrase the sentence. Do you mean that extreme values
are smoothed due to the type of algorithm used (QRF - provides a mean of
several trees, which includes a mean at each node)?

Response: Thank you for your valuable comment. We have rephrased the sentence
for clarity as follows:

"This may be due to the better fitting ability of DSM technology with the
available data. However, the use of the QRF algorithm, which averages
predictions from multiple trees, tends to smooth out extreme values during
spatial extrapolation, potentially reducing variability in certain regions."

Comment # 58: L496: +=» To show the impact of the <++ or something similar.
Response: We made the following changes:

"Further studies are needed to demonstrate the impact of the new soil
dataset compared to the old version and global soil datasets by running a land
surface model."

Comment # 59: L499: -+~ aspects. *-+ end the sentence, delete “:”
Response: We have removed the “:’

Comment # 60: L499: is the resolution of the derived maps 90 m, because the
input layers, which are most important for the predictions, also have this
resolution? If yes, please add this shortly.
Response: Thank you for your comment. Please refer to response #29. We have
modified the text as follows:

"First, CSDLv2's spatial resolution is 90 m, aligning with the resolution of
the most important input layers used for the predictions, and this is an
improvement over CSDLv1's 1 km resolution."

Comment # 61: L505-506: please add the benefit of producing map of soil
colours in RGB. What is its practical use?
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Response: Thank you for your comment. We have modified the text as follows:

"Third, an RGB soil color system (i.e., red, green, and blue) has been added,
resolving the inconvenience of only having the Munsell color system in the first
edition dataset. This addition enhances the visual representation of soil colors
and allows for better integration with digital platforms, remote sensing
applications, and computer displays (Al-Naji et al., 2021)."

Al-Naji, A., Fakhri, A.B., Gharghan, S.K., Chahl, J., 2021. Soil color analysis based on a RGB
camera and an artificial neural network towards smart irrigation: A pilot study. Heliyon 7, e06078.
https://doi.org/10.1016/j.heliyon.2021.e06078

Comment # 62: L523-524: the meaning of the sentence starting with “These soil
nutrients +++” is not clear, please describe more. Do you mean warm-up period?
Response: Thank you for your comment. Yes, "spin-up™ is a term commonly used in
the modeling field, particularly among researchers working on land surface models,
and it refers to the "warm-up period."
We have revised the text to clarify this, stating:

"These soil nutrients can be calculated by running models for thousands of
years until an equilibrium state is reached, a process known as model *spin-up’
(i.e., warm-up period).”

Comment # 63: L534: do you think that 90 m resolution can meet the needs of
precision agriculture? 90 m resolution might support the spatial delineation of
management zones. Please consider to revise it in the text.
Response: Thank you for your valuable comment. We have made the following
revision to the text:

""as well as supporting the spatial delineation of management zones in
precision agriculture.™

Comment # 64: L557-558: “soil management” or “land use” ? Please revise if
land use is the correct word.

Response: Thank you for pointing out the problem. | have changed ‘ soil
management’ to ‘land use’ .

Comment # 65: L557-571: this description is very informative. Suggestion for
future development: if elevation and slope is highly correlated with temperature
and precipitation, it might be possible to derive 90 m resolution climate variables
from the original 1 km resolution - downscaling - based on topographical
variables.

Response: Thank you for your insightful comment. While downscaling is an
interesting approach, it is not directly relevant to the scope of this study. There are
already many studies that have used topography-based downscaling methods to
produce high-resolution climate variables, such as temperature and precipitation (e.qg.,
Chen et al., 2024). Downscaling is a well-established field with many mature methods.
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As it falls outside the primary focus of this study, we did not incorporate it into our
research. However, we added the following sentence expressing suggestion for future
development:

"Topography downscaling methods can be used to prepare high-resolution
climate covariates (Chen et al., 2024)"

Chen, S, Li, L., Dai, Y., Wei, Z., Wei, N., Zhang, Y., Zhang, Shupeng, Yuan, H., Shangguan, W.,
Zhang, Shulei, Li, Q., 2024. Exploring Topography Downscaling Methods for Hyper-Resolution
Land Surface Modeling. Geophysical Research: Atmospheres [preprint].
https://doi.org/10.22541/au.171403656.68476353/v1

Comment # 66: L572-578: Ok, but it is not clear how you handled soil data
originating from different time periods in your study. Please explain it shortly in
the text.

Response: Thank you for your comment, please refer to response #3.

Comment # 67: L583: on the download page why:
- temporal resolution is yearly and
- spatial resolution is 10 m - 100 m?
Response: Thank you for your suggestion. We have added the following brief
explanation in the text regarding how the 1 km and 10 km resolutions were derived:
"To meet the spatial resolution requirements of different applications,
CSDLV2 not only provides soil properties at a 90 m resolution but also offers at 1
km and 10 km resolutions. These 1 km and 10 km resolution data were derived
from spatial predictions made by the constructed model using environmental
covariates at the corresponding resolutions.™
The dataset developed in this study has a maximum resolution of 90 meters.
However, on the data platform, we were only able to select a resolution range
(without the ability to specify an exact number), so we chose the most appropriate
range of 10-100 meters. Additionally, we set the temporal resolution to 'Null' to
indicate that the data is static.

Comment # 68: L589: -+ soil physical and chemical soil properties, with <«
Please delete here and in the entire manuscript the word “fertility” . Fertility is
a complex soil property defined by many indicators. In this manuscript soil
physical and chemical properties were addressed Of course these influence soil
fertility, but the focus is not on that in the manuscript.

Response: Thank you for your comment. We have removed the word "fertility™ from
this section as well as from the entire manuscript, as you suggested.

Comment # 69: L594: -+~ gridded soil datasets, **
Response: We have revised the text to "...gridded soil datasets, ...

19/24



Comment # 70: L594: please rephrase “more reasonalble” , with something
more specific.
Response: Thank you for your comment. | have revised the text to replace "more
reasonable™ with a more specific phrase.
The updated sentence now reads:

""CSDLv2 provided more spatial details and better represented the spatial
variation characteristics of soil properties in China compared to other soil
products.”

Comment # 71: L596: please shortly indicate that CSDLv2 describes the state of
1980.

Response: Thank you for your comment.

The updated sentence now reads:

"Furthermore, as this dataset is primarily based on legacy soil profiles from
the Second National Soil Survey of China and describes the state of soil
properties in the 1980s, it serves as a valuable complement to maps based on
2010s soil profiles, providing new perspectives for studying temporal changes in
soil properties.™

Comment # 72: L599-601: please complement the last sentence by how the
limitations of CSDLv2 could be addressed in future studies - i.e., summarize
paragraph 4.3.

Response: Thank you for your valuable feedback. The limitations of CSDLv2 can be
addressed in future studies by focusing on several areas of improvement:
incorporating high-resolution remote sensing data, developing more accurate 3D
models that account for vertical soil variability, and addressing the temporal changes
in soil properties by using data from multiple time periods. These improvements will
help refine soil property mapping and provide more accurate and dynamic soil
information.

The updated sentence now reads in the conclusion:

"Future work can improve soil property mapping by employing advanced
deep learning methods and incorporating more observations, particularly in
regions with sparse samples like western China. Additionally, integrating high-
resolution remote sensing data, developing more accurate 3D models, and
accounting for temporal changes in soil properties will further enhance the
mapping accuracy and usefulness of CSDLv2.""

DATA AND CODE AVAILABILITY:

Comment # 73: The codes are accessible at GitHub.

Data accessibility is not smooth. | see that the data could be downloaded through
FTP, but it didn’ t work for me. The download possibility needs improvement
or information on using the download site is needed.

Response: Thank you for your comment, please refer to response #3.
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Comment # 74: Table 2: is it possible to give a general variable name for
“Sentinel2B2/B3/B4/8/9” under the description column?

Response: Thank you for your suggestion. We have revised the description column
by replacing “Sentinel2B2/B3/B4/8/9” with the more general term "Sentinel-2 (B2,
B3, B4, B8, B9)". Similarly, “SR_B4/B5/B6/B7” has been updated to "SR (B4, B5,
B6, B7)" for consistency.

Comment # 75: Table 3: do you mean that it is the result of cross-validation in
the case of CSDLV2 and performance of the other maps (CSDLv1, SoilGrids 2.0,
HWSD 2.0) on the dataset used to train and test the CSDLv2 predictions? Please
revise the title to increase clarity. Add number of samples considered for the
validation in a separate column.

Response: Thank you for your comment, and | apologize for the confusion. What we
intended to convey is that 10% of the randomly held-back samples were used as the
test set. We then evaluated the accuracy of the four maps (CSDLv2, CSDLv1,
SoilGrids 2.0, HWSD 2.0) based on this test set.

The title in Table 3 has been revised as follows to increase clarity:

"Accuracy evaluation of the selected soil properties with the highest
prediction accuracy in CSDLv2, CSDLv1, SoilGrids 2.0, and HWSD 2.0, based
on the randomly held-back soil profiles. The ""Number® column indicates the
number of samples used during testing. Refer to Table S4 for the complete
accuracy evaluation of the soil properties considered. See Table 1 for the
abbreviations and units of the soil properties of interest.*

Comment # 76: Fig. 2: revise left bottom corner based on advice for L114-115,

and reedit the figure of “Other soil datasets” , its pattern might not be the same

as that of the “Variable maps” . Direction of arrow on the left might go from
“points of the soil profiles” to “Compare and evaluate” .

Response: Thank you for your suggestion, we have revised it as you suggested.

Comment # 77: Fig. 4: the caption does not include information on DEM and
land use map. Please add them.

Response: Thanks to your reminder, we have added the DEM and land use map
information to the Fig. 5 (Fig. 4 in the pre-revision text) caption.

The full title of the revised Fig. 5 is:

""Surface layer (0-5cm) soil organic carbon (OC) maps derived from our
predictions (CSDLv2), SoilGrids 2.0, CSDLv1, and HWSD 2.0, respectively, in a
selected area (102.92° -104.08° E and 30.92° -32.08° N) located in Sichuan
Province. This selected area corresponds to the red window shown in Figure 1.
DEM and landuse refer to the land surface elevation and land use type of the
selected area, respectively.The spatial resolutions are 90 m for CSDLv2, 250 m
for SoilGrids 2.0, and 1 km for both CSDLv1 and HWSD 2.0."
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Comment # 78: Fig. 5: the labels are not visible. Please consider to show the
maps in two or three figures, to increase visibility and readability. Please find a
logic to put the maps into two or three groups, than you do not have to fit all 23
maps to one page (one figure), but to two or three figures. Please add unit of the
soil properties and add “content” where needed, e.g.: sand, silt, and clay
content, etc.

Response: Thank you for your helpful suggestion. To increase visibility and
readability, we have followed your recommendation and split the 23 maps into two
figures (two pages). We have also added the units for the soil properties and included
the word "content” where necessary.

The revised full caption for Fig. 4 is as follows:

"The predicted maps of soil properties considered at the 0-5 cm depth
interval. (a) pH (H20); (b) bulk density (BD); (c) soil organic carbon content
(OC); (d) total nitrogen content (TN); (e,f,g) soil texture(sand, silt ,clay content);
(h) alkali-hydrolysable nitrogen content (AN); (i) rock fragment content (gravel);
(J) cation exchange capacity content (CEC); (k) porosity; (l) total potassium
content (TK); (m) total phosphorus content (TP); (n) available potassium content
(AK); (o) available phosphorous content (AP); (p,q,r) wet color (R, G, B); (s,t,u)
dry color (R, G, B). (v) and (w) represent the dry and wet colors in the Munsell
color system, respectively. See Figures S2-S24 in the appendix for the predicted
maps of soil properties at all depth intervals."™

Comment # 79: Fig. 6: please increase size of the letters on the plot, it is difficult
to read.
Response: We have increased the size of the letters on the plot as you suggested.

Comment # 80: Fig. 7: please:

- increase size of the letters on the plot, it is difficult to read,

-add R2 - for both maps - and 1:1 line to b), d) and f) plots to better see the
comparison,

- use the same min and max values on x and y axis by soil properties, e.g.: 0 and
30 % for OC, 0 and 100 % for sand, 0 and 80 % for clay.

Response: Thank you for your helpful suggestions. We have revised Figure 7
accordingly. The size of the letters on the plot has been increased for better readability.
Additionally, we have added R*> values for both maps and included the 1:1 line in the
b), d), and f) plots to improve the comparison. The min and max values on the x and y
axes have also been adjusted for each soil property (e.g., 0 to 30% for OC, 0 to 100%
for sand, and 0 to 80% for clay).

Comment # 81: Fig. S2-S24: please increase size of the letters in the legend.
Present version is difficult to read.

Response: Thank you for your suggestion. | have increased the size of the letters in
the legend for Figures S2-S24 as recommended. This should enhance readability.
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Comment # 82: Fig. S2, S7, S8-13 : using the word “content” is not
appropriate, please revise these captions. Fig. S8-13 needs some further
clarification on the meaning of R, G, B, should be easy to understand without
reading the manuscript.
Response: Thank you for your valuable feedback. | have removed the term “content”
from the captions of Fig. S2, S7, and S8-13, as you suggested. Additionally, | have
clarified the meaning of R, G, and B in the captions for Fig. S8-13 to ensure that they
are easily understandable without needing to refer to the manuscript. For example, in
Fig. S8, the title now states:

"Figure S8. The predicted maps of the red (R) component of soil color (Wet)
at multiple depths. (a) 0-5 cm; (b) 5-15 cm; (c) 15-30 cm; (d) 30-60 cm; (e) 60-100
cm; and (f) 100-200 cm depth interval. The R component represents the red
channel in the RGB soil color system.™

Comment # 83: Fig. S14-15: | thought there are more variety in the colour of the
soil. Do you have only 6 different colour? Or did you decrease/aggregate the
possible colours?
Response: Thank you for your comment. You are correct that soil colours exhibit
greater variety. In the visualization, we aggregated some less representative colours
and displayed six key representative colours to improve clarity in the maps. This
approach helps in effectively conveying the main patterns while maintaining visual
simplicity.
The updated Figure caption now reads:

"The Colour bar displays six representative colours, with some less
distinctive colours aggregated for clarity.*

Comment # 84: Fig. S19-24: write out nitrogen, potassium, phosphorus before
the brackets, instead of writing only N, K, and P.

Response: Thank you for your suggestion. | have revised Fig. S19-24 to spell out
nitrogen, potassium, and phosphorus before the brackets, as you recommended.

Comment # 85: Fig. S2-25: please add unit in the caption of the figure.

Response: | have added the units to the captions of Fig. S2-25 for the variables that
have units. However, for maps such as the soil pH maps, which do not have units, the
captions remain unchanged.

Comment # 86: Fig. S25: +- of the soil organic carbon (OC) and soil pH «--
Response: Thank you for your feedback. We have modified the order of expression.

Comment # 87: Fig. S26: please increase size of the letters on the plot, it is
difficult to read.

Response: | have increased the size of the letters on the plot for Fig. S26 as
recommended. This should enhance readability.
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Comment # 88: Table S4: do you mean that it is the result of cross-validation in
the case of CSDLv2 and performance of the other maps (CSDLv1, SoilGrids 2.0,
HWSD 2.0) on the dataset used to train and test the CSDLv2 predictions? Please
revise the title to increase clarity. Add number of samples considered for the
validation in a separate column.

Response: Thank you for your comment. Please refer to our response to comment #5.
We have revised the title of Table S4 as per your suggestion to enhance clarity.
Additionally, | have added a separate column to indicate the number of samples
considered for validation.

Comment # 89: Fig. S26: please add that the top 15 most important variables are
shown.
Response: Thank you for your comment. We have revised it as you suggested, and
the revised Fig. S26 has the following caption:

"Relative importance of the top 15 predictors for the Quantile Regression
Forest model in the spatial predictions of soil total phosphorus (TP)......"
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