Responses to comments <essd-2023-242>

Dear Editor and referees,

We greatly appreciate your insightful comments and suggestions, and your time in reviewing our
manuscript, which have helped us improve our manuscript. In response to your comments, we
have made several significant changes in the revised manuscript, which are summarized below:

e Inresponse to Reviewer 1's feedback, we have enriched the manuscript with more detailed
descriptions of the validation of each data source used in our dataset development.
Additionally, we have conducted a comprehensive comparison between our newly
developed 1k parameters and the K2012 and ELM2/CLMS5 default parameters, with
corresponding updates made to the methods, results, discussion, and conclusions sections.

e Inresponse to Reviewer 2's feedback, we have added two new paragraphs in the discussion
section 4. These additions focus on the challenges and considerations related to parameter
aggregation and the evaluation of k-scale simulations, providing a more thorough
exploration of these critical aspects.

The point-by-point responses to the specific comments are provided below in blue. All line
numbers listed below correspond to those in the clean version of the revised manuscript. We hope
that our modifications have addressed all the concerns raised, and we appreciate your consideration

of our revised manuscript.

Sincerely,

Lingcheng Li and co-authors



Referee 1

This research presents a new set of global land surface parameters with a resolution of 1 km for
multiple years from 2003 to 2020. This manuscript is well-structured. The figures are well
produced. The English is good. The results are clearly presented. However, major issues should

be addressed before this manuscript may be reconsidered for publication in the esteemed ESSD.

Thank you for your encouraging comments and suggestions for improving our manuscript. We

provide a response for each comment as detailed below.

For a majority of data description papers in ESSD, a solid verification of the new data based on
ground truth data and the comparison between the new data set and the existing mainstreaming
data set are necessary and always included. Without such information, readers cannot fully
understand whether the new data set is reliable and how much this data set has been improved
compared with existing data sets. Consequently, the significance of this research cannot be
highlighted. Therefore, I strongly recommend the authors to present a quantitative comparison
between the new data set and mainstream data sets (e.g. CLM5 and K2012 datasets) based on

already existing reference data or manually collected reference data.

Thank you for your suggestions regarding the two aspects of quantitative comparison: first with
existing reference and benchmark data, and second with mainstream datasets such as K2012 and

ELM2/CLMS default.

1. On the first point, it is important to note that the 1k parameters are derived from datasets that
have been rigorously validated and described in the literature. Consequently, we have chosen not
to duplicate the evaluation of these source datasets. Instead, we have expanded our manuscript to

include details about the validation undertaken for each data source.

e LULC parameters in L147-155.
In this study, the MODIS MCD12Q1 version 6 (Friedl et al., 2022) was employed to ascertain
the Plant Functional Types (PFT) as well as other non-vegetative land categories at a spatial
resolution of 1 km spanning the years 2001 to 2020. The integrity of the MODIS land cover
product has been established through a 10-fold cross-validation accuracy assessment using

the Terrestrial Ecosystem Parameterization database (Sulla-Menashe et al., 2019). This land



cover product offers richer and more flexible land cover data with higher accuracy and
substantially less year-to-year stochastic variation in classification results (Sulla-Menashe et
al., 2019). Being the sole operational global land cover product available with annual

intervals, it addresses a significant gap in the realm of global change research.

LAI parameters in L196-201.

BNU LAI an enhanced version of the MODIS LAI product, has been subjected to thorough
quality control, incorporating multiple algorithms for improved accuracy (Yuan et al., 2011).
Its validation involved an extensive array of LAI reference maps and employed the bottom-up
approach advocated by the CEOS Land Product Validation sub-group (Morisette et al., 20006).
Compared to the original MODIS LAI, the BNU LAI dataset exhibits superior performance,

along with enhanced spatiotemporal continuity and consistency.

Canopy height parameters in L210-L217.

We leveraged a global vegetation canopy height dataset sourced from Lang et al. (2023). This
dataset, derived using a probabilistic deep learning model, fuses Sentinel-2 images with the
Global Ecosystem Dynamics Investigation (GEDI) to retrieve canopy height. It stands out as
the inaugural global canopy height dataset offering consistent, wall-to-wall coverage at a 10
m spatial resolution across all vegetation types. Assessments using hold-out GEDI reference
data and comparisons with independent airborne LiDAR data demonstrate that the approach
outlined by Lang et al. (2023) produces a meticulously quality-controlled, state-of-the-art

global map product, accompanied by quantitative uncertainty estimates.

Soil-related parameters in L224-227.
The soil product underwent rigorous quantitative evaluation using a cross-validation method,
which ensures alignment with established pedo-landscape features and provides spatial

uncertainty to guide product users (Poggio et al., 2021).

Topography-related parameters in L239-244.
We employed the digital elevation from the Multi-Error-Removed Improved-Terrain DEM
(MERIT DEM, Yamazaki et al., 2019) to obtain topography-related parameters. The MERIT



DEM provides globally consistent elevation data at 90 m resolution, distinguished by its
exceptional vertical accuracy. This accuracy was rigorously validated against ICESat’s lowest
elevations in both forested and non-forested regions and was further benchmarked using the

UK'’s premium airborne LiDAR DEM (Yamazaki et al., 2019).

2. Regarding the comparison with existing mainstream datasets, we have included a
comprehensive comparison between our new 1k parameters and the K2012 and ELM2/CLMS5
default parameters. This comparison has been elaborated in the methods, results, discussion, and
supplementary sections of our manuscript. Considering that K2012 encompasses only LULC and
LAI/SAI parameters, we focused our comparison on these aspects, contrasting LULC and LAI
among the new 1k, CLMS5, and K2012 datasets. For other parameters, including those related to
soil and topography, we conducted comparisons between the new 1k and ELM2/CLMS5 default
parameters. We excluded the comparison of SAI, owing to limited data availability in K2012, and
vegetation canopy height (top and bottom parameters) because the ELM2/CLMS default
parameters from the CESM input data repository only provide tabulated values for each PFT.

Below are the detailed modifications included.

e In [L258-L287, a new method description "2.5 Comparison between new and existing land

surface parameters" has been added.

In this study, since the data sources used to develop the 1k global land surface parameters have
already undergone rigorous validation, we do not perform additional evaluations against
reference datasets (e.g., observations). Instead, our focus is on comparing the newly developed 1k
parameters with those from K2012 and the ELM2/CLM5 default parameters. The K2012
parameters, obtained through personal communication (refer to the data availability section for
details). The ELM2/CLMS5 default parameters were sourced from the CESM input data repository
(https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/). Given the different resolutions of
these datasets—our new parameters at lkm, K2012 at 0.05 degree, and ELM2/CLM5 defaults with

varying resolutions—we adapt our comparison at different resolutions for different variables.



For PFT parameters, we aggregated both the 1k new parameters and the 0.05-degree K2012 data
to the 0.5-degree resolution of the ELM2/CLM5 default. For non-vegetated land units (i.e., urban,
glacier, and lake), we upscaled the 1k new parameters to a 0.05-degree resolution to align with
the ELM2/CLMS5 default. It is important to note that the urban parameter in K2012 is only

available for the northern hemisphere, due to limitations in data acquisition.

When comparing LAI, we aggregated the 1k new and K2012 LAI to 0.5-degree resolution,
matching the ELM2/CLM5 default LAI/SAI resolution. We excluded the comparison of SAI from
our analysis due to the limited availability of the global K2012 dataset, from which we only
acquired coverage for North America. We have not included a comparison of vegetation canopy
height (top and bottom parameters) in our study. This is because the K2012 dataset does not
contain these parameters, and the ELM2/CLM5 default parameters in the CESM input data
repository provide only tabular values for each PFT, rather than spatially variable canopy heights
for tree PFTs.

For soil and topography-related parameters, our comparison was limited to the 1k new
parameters and the ELM2/CLMS5 default, as K2012 does not include these parameters.
Specifically, for soil comparisons, we aggregated the new 1k parameters to 0.083° resolution to
match the ELM2/CLM5 default soil parameters. For topography, given that the ELM2/CLMS5
default parameters is a combination of 1k and 10 arc-minute data sources, we simplify the
comparison by aggregating both the new 1k parameters and ELM2/CLM}5 default to 0.5-degree

resolution, including elevation and slope.

e In L376-L443, the results section titled "3.2 comparison between new and existing land

surface parameters" has been added.
The global distributions of different PFTs show varying degrees of difference when comparing the
new parameters with the K2012 and ELM2/CLMS5 default parameters (Figure 4 and
Supplementary Figures S1 to S16). Predominant types such as bare soil, BET-Tropical tree, C3
and C4 grass, and crop are found consistently across all datasets. Notable differences include less

bare soil in the new parameters and K2012 compared to ELM2/CLM5 default, especially in high-



latitude North America, western US, South Africa, Central Asia, and Central Australia (Figure
S1). While the new NDT PFT shows larger coverage in Siberia than K2012 and ELM2/CLM5
(Figure S4), BET-Tropical PFT is more prevalent in the new parameters across Central and South
America (Figure S5). BET-Temperate PFT has greater area coverage in southern China in the
new parameters (Figure S6). For BDT-Tropical, BDT-Temperate, and BDT-Boreal PFTs, both
the new and ELM2/CLM5 default parameters surpass K2012 data in coverage (Figures S7 to S9).
The coverage of new BDS-Temperate PFT is smaller than K2012 but larger than ELM2/CLM5
default (Figure S11), and the new BDS-Boreal PFT is less extensive in the boreal northern
hemisphere compared to both K2012 and ELM2/CLM35 defaults (Figure S12). The C3-Arctic PFT
shows larger areas in the new parameters, particularly in northern Canada, with the new C4 grass
PFT being similar to that of K2012 and larger than ELM2/CLM5 C4 grass. Crop PFT is less

extensive in the new parameters, particularly in Southeastern China, Europe, South America,

Africa, and Australia.
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Figure 4. The global average area fractions of PFTs for three land surface parameter datasets.

PFT abbreviations used on the X-axis are displayed in Figure 2.



The global distributions of non-vegetated land covers of lake, glacier and urban areas vary among
the datasets (Figure S17-S19). The new dataset shows slightly less lake coverage than K2012, but
both are smaller than ELM2/CLMS5 default, particularly in high-latitude North America (Figure
S17). Glacier coverage in the new parameter is around 0.7% smaller than K2012, with noticeable
differences in the Arctic North America, while ELM2/CLM}5 default shows more extensive glacier
coverage in Antarctica (Figure S18). Regarding urban areas, K2012 has the smallest urban
coverage in the Northern Hemisphere compared to both the new dataset and ELM2/CLM}5 default
(Figure S19). Meanwhile, ELM2/CLMS5 default exhibits more expansive urban areas in India and

China than the new dataset and K2012.

The global annual mean LAI exhibits similar spatial patterns among the new parameter, K2012,
and ELM2/CLM5 (Figure 5). The overall global mean LAI for the new parameter (1.28 m?/m?) is
slightly higher than that of K2012 (1.14 m?%/m?) and the ELM2/CLMS5 default data (1.24 m*/m?). In
terms of spatial pattern, the new LAI relative to K2012 (Figure S20a), shows lower values in the
NET-Boreal PFT over the northern hemisphere, but higher values in the BET-Tropical PFT over
the tropics. Similarly, compared with the ELM2/CLM5 default LAI (Figure S20b), the new LAI
also presents smaller values in both the NET-Boreal and NDT PFTs over the northern hemisphere,

but larger values in the BET-Tropical PFT regions.



(a) New: LAI (1.28 m?*/m?) (b) K2012: LAI (1.14 m?*/m?)

Figure 5. Comparison of global annual mean LAI for (a) new, (b) K2012, and (c) ELM2/CLM5

default parameters. The global average is indicated in the subplot title.

Soil parameters exhibit significant differences between the new and ELM2/CLM}5 default datasets
(Figures 6a-bc, S21, and S22). The global mean absolute differences between the new and
ELM2/CLM5 default for percent sand, percent clay, and organic matter are 14.1%, 8.1%, and
30.5 kg/m? respectively. Generally, the new soil parameters are spatially distributed more
smoothly than those from ELM2/CLM}5 with more patchy patterns (Figure 6a vs. 6b). Specifically,
the new percent sand is higher in regions like Europe, Siberia, South Africa, and Southern
Australia, but lower in areas such as the Lower Mississippi River Basin, North Africa, and Central
and Southeastern Asia (Figure 6¢). The new percent clay shows larger values in the Western US,
North Africa, Central Asia, and Australia, but smaller values in Alaska and Eastern Europe

(Figure S21). For organic matter, the new parameter indicates smaller values in the Northern



Hemisphere but larger values in other global regions compared to the ELM2/CLMS5 default

(Figure S22).

Topography-related parameters exhibit broadly similar spatial patterns but with notable
differences between the new and ELM2/CLMS5 default parameters, as seen in Figures 6d-6f and
S23. The new slope parameter generally shows a larger slope relative to the ELM2/CLMS5 default,
particularly in mountainous regions (Figure 6f). This could be attributed to the new 1 km slope
being calculated from a finer 90 m resolution elevation. Differences in elevation between the new
and ELM2/CLM5 parameters are more pronounced in areas such as various mountainous regions,

Greenland, the Amazon Basin, the Tibetan Plateau, and Australia (Figure S23).



(a) New: Percent sand (44.85 %)

(d) New: Slope (2.02 ©)
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Figure 6. Comparisons of percent sand and slope. (a) new and (b) ELM2/CLM5 default percent
sand, along with (c) their difference (new — ELM2/CLM5 default) for percent sand; (d) new, (e)
ELM2/CLM5 default, and (f) their difference for slope. The global average is shown in the subplot

titles, with the global average of the absolute difference provided for (c) and (f).

¢ In the supplementary, corresponding Figures S1 to S23 have been added.

e In L566-584, the first paragraph of the discussion section has been updated.



The development of new 1 km land surface parameter datasets in this study marks a substantial
improvement over commonly used land surface parameters such as CLM5 and K2012, leveraging
the latest high-resolution data sources with rigorous validation, including MODIS PFTs,
enhanced LAI and canopy height, soil properties, and topography factors. When compared with
K2012 and ELM2/CLM5 default datasets, the new [k parameters exhibit notable differences,
suggesting potential improvement due to the use of more advanced data sources. Distinct features
of the new parameters include a reduction in bare soil compared to ELM2/CLM3, especially in
regions like North America and Central Asia, and diverse coverage of specific PFTs such as NDT
and BET-Tropical in areas like Siberia and South America. The LAI of the new parameters
diverges from K2012 and ELM2/CLM5, showing lower values in NET-Boreal PFTs of the northern
hemisphere but higher BET-Tropical PFTs in the tropics. The soil parameters, particularly in
regions like Europe, Central Asia, and the Western US, show significant differences between the
new and ELM2/CLMS5 defaults. Moreover, the new parameters indicate larger slopes in
mountainous regions and more distinct elevation differences in areas such as Greenland and the
Tibetan Plateau compared to ELM2/CLMS5. These differences potentially highlight enhanced
accuracy and sophistication of the new 1k parameters. Their enhanced resolution and rigorous
validation suggest a substantial capacity to improve ESMs modeling. Additionally, the richness of
multi-year data for LULC, LAI and SAI in these datasets is especially valuable for examining land
use and cover changes, urbanization trends, deforestation impacts, and agricultural

transformations.

The remaining portions of the initial first paragraph in the discussion have been relocated and

revised as the fifth paragraph, now found in lines 681-695.

There are certain opportunities for future development of 1k parameters. The urban extension may
vary based on data sources, urban definitions, and the algorithms employed, such as those derived
from harmonized nighttime lights (Zhao et al., 2022), global artificial impervious area (GAIA, Li
et al., 2020b;, Gong et al., 2020), urban expansion (Liu et al., 2020, Kuang et al., 2021),
necessitating careful consideration in specific modeling applications. Additionally, urban
classification in J2010, based on global building height data, is limited by the lack of a consistent
and publicly accessible global dataset, despite available regional data for Europe (Frantz et al.,



2021), the US (Li et al., 2020a), and China (Cao and Huang, 2021, Yang and Zhao, 2022), thus
posing challenges to future urban classification enhancements. Incorporating local climate zones
offers a promising approach for urban classification and modeling. Moreover, the multiple-year
high-resolution PFT maps like the ones developed by the European Space Agency's Climate
Change Initiative could be used to further extend this dataset for a longer period (Harper et al.,
2023). Soil color, crucial for soil albedo and surface energy balance, lacks extensive global
datasets for ESMs modeling, but the global soil color map derived by Rizzo et al. (2023) offers
potential for further kilometer-scale ESMs and LSMs modeling.

Another important issues is about the citation in the text. The citation should be thoroughly revised.
For instance, the list of more than 10 references in a line can provide readers no accurate
information and a clear relation between the reference and the mentioned information. e.g. L49-
L50 ... and biogeochemical cycles, as well as land and atmosphere coupling (Giorgi and Avissar,
1997; Chaney et al., 2018; Zhou et al., 2019; Liu et al., 2017; Bou-Zeid et al., 2020; Chen et al.,
2020; Nitta et al., 2020; Vrese et al., 2016)...These references should be clearly cited and
explained. Personally, I do not suggest a list of more than 3 references in a line. The citations in
the text are poor and all citations throughout the manuscript should be double-checked and revised

to the right form.

Thank you for your valuable feedback and suggestions on improving the manuscript. We have
meticulously updated the references as advised and conducted a thorough review of the manuscript

to ensure accuracy of all citations.
Specifically, in L50-L53:

High-resolution modeling can better capture the land surface heterogeneity and could improve
simulations of terrestrial water and energy cycles (Giorgi and Avissar, 1997; Chaney et al., 2018;
Xuetal, 2023), biogeochemical cycles (Chaney et al., 2018), as well as land—atmosphere coupling
(Liu et al., 2017; Zhou et al., 2019; Bou-Zeid et al., 2020).

In L685-L689:



Additionally, urban classification in J2010, based on global building height data, is limited by the
lack of a consistent and publicly accessible global dataset, despite available regional data for
Europe (Frantz et al., 2021), the US (Li et al., 2020a), and China (Cao and Huang, 2021; Yang

and Zhao, 2022), thus posing challenges to future urban classification enhancements.



