
We thank the reviewer for your constructive comments, which significantly improve the quality of our 

manuscript. Based on these comments, we have revised the manuscript thoroughly. The changes made 

to the manuscript are noted in the revised manuscript, and described in detail below (reviewer 

comments are in italic and cited texts are in bold). 

 

The authors used an existing global three-dimensional vector data of buildings (3D-GloBFP) to 

compile a global 1 km spatially continuous UCP (GloUCP) dataset for application in the WRF model. 

They found that GloUCP not only surpasses existing datasets in accuracy but also provides superior 

spatial coverage. This dataset would be very useful for future improvements of WRF-Urban modeling. 

Before it can be considered for publication, I have a few concerns and suggestions for the authors to 

consider. 

 

Response: We sincerely appreciate the reviewer’s positive feedback on our research. Based on your 

insightful comments, we have thoroughly revised the manuscript. We hope our responses and revisions 

meet your expectations. 

 

Major comments: 

My major concern is that there are several recent developments of global urban parameter datasets 

(e.g., UT-GLOBUS data (Kamath et al., 2024: https://doi.org/10.1038/s41597-024-03719-w); U-

SURF data (Cheng et al., 2024: https://doi.org/10.5194/essd-2024-416)), which however are totally 

missing in the introduction and discussion parts of this study. More importantly, what are the novelty, 

advantages, and uniqueness of GloUCP compared with those recent urban parameter datasets? This 

needs to be clarified. It would also be useful to conduct comparisons between the GloUCP parameters 

with those other recent global datasets. 

 

Response: We sincerely appreciate the reviewer for this comment. In fact, both our GloUCP dataset 

and the U-Surf dataset developed by Cheng et al. (2024) are derived from the same building vector 

data, i.e., 3D-GloBFP developed by Che et al. (2024), to calculate urban morphological parameters. 

Theoretically, there are no differences in the mean building height between the two datasets. However, 

the urban morphological parameters provided by U-Surf, which are designed for the UCM in the 



Community Earth System Model, differ from the UCPs required by WRF/UCM and therefore cannot 

be directly applied in the WRF model. Therefore, the uniqueness of our study is to use a newly-

developed building-scale height map to further produce a global, spatially continuous, high-resolution 

UCP dataset specifically tailored for the WRF model. 

Following the reviewer’s suggestion, we compare our GloUCP dataset with the UT-GLOBUS 

dataset developed by Kamath et al. (2024) in three cities in the United States. Overall, our dataset has 

good consistency with the UT-GLOBUS dataset in terms of accuracy (Figs. S5-S7). However, the key 

advantage of our dataset is its comprehensive coverage of global urban areas. In contrast, the UT-

GLOBUS dataset has significant data gaps, particularly in regions such as East Asia.  

We have added a brief description to both datasets in the revised manuscript’s introduction section 

and highlight the advantages of GloUCP compared with those recent UCP datasets. Additionally, we 

included a comparison between our dataset and the UT-GLOBUS dataset in the results section to 

highlight their differences, as detailed below. 

 

“Recently, Kamath et al. (2024) released a global building heights for urban studies (UT-

GLOBUS) for city-and-street-scale urban simulations. Although UT-GLOBUS covers more than 

1200 cities or locales worldwide, UCP data for East Asia remain unavailable due to the lack of 

building vector data in this area.” 

 

“Based on the building vector data, Cheng et al. (2024) developed a global 1 km spatially 

continuous urban surface property dataset (U-Surf) for the UCM in the Community Earth 

System Model. However, the urban morphological parameters calculated in U-Surf, including 

building height, canyon height-to-width ratio, roof fraction, pervious canyon floor fraction, and 

urban percentage, differ from the UCPs required by WRF/UCM and therefore cannot be directly 

used in the WRF model. Therefore, the aim of this study is to use a newly-developed building-

scale height map to further produce a global spatially continuous high-resolution UCP dataset 

(hereafter referred to as GloUCP), updating the default parameters in the WRF model to 

improve simulation accuracy.” 

 

“Furthermore, we compared our dataset with the recently released UT-GLOBUS dataset by 



Kamath et al. (2024) and the global urban morphological dataset developed by Khanh et al. 

(2023). Because the UT-GLOBUS dataset only provides three parameters (i.e., area weighted 

mean building height, plan area fraction, and building surface to plan area ratio), we conducted 

a comparison of these parameters in three cities in the United States (Figs. S5-S7). Overall, our 

GloUCP dataset and the UT-GLOBUS dataset exhibit similar levels of accuracy. Compared to 

the reference data, both datasets show relatively high estimation accuracy for most parameters, 

except for an underestimation of the building surface to plan area ratio. On average, the R2 

values for our GloUCP dataset across the three cities are generally above 0.8, slightly 

outperforming the UT-GLOBUS dataset. Nevertheless, our dataset offers more comprehensive 

spatial coverage of global urban areas, particularly in East Asia. This broader coverage provides 

greater support for urban climate simulations, especially for small and medium-sized cities 

worldwide.” 
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Figure S5. Pixel-scale comparison of area weighted mean building height between GloUCP and 

UT-GLOBUS across three representative cities in the United States. The red dashed line 

represents the 1:1 line, while the black solid line indicates the fitted regression line. 

 



 

Figure S6. Pixel-scale comparison of plan area fraction between GloUCP and UT-GLOBUS 

across three representative cities in the United States. The red dashed line represents the 1:1 line, 

while the black solid line indicates the fitted regression line. 



 

Figure S7. Pixel-scale comparison of building surface to plan area ratio between GloUCP and 

UT-GLOBUS across three representative cities in the United States. The red dashed line 

represents the 1:1 line, while the black solid line indicates the fitted regression line. 

 

Does the GloUCP data also include urban fraction parameter that is consistent with the UCP data? 

If not, I would suggest including the urban fraction data which is very important to be consistent with 

the derivation of UCP. The authors mentioned they used GAIA data as a mask. Does this mean users 

can use the urban/impervious fraction data together with GloUCP data? If so, this needs to be clarified. 

 

Response: We sincerely appreciate the reviewer for this constructive comment. Currently, the GloUCP 

dataset does not include the urban fraction parameter. Based on the reviewer’s suggestion, we have 

added 1 km resolution impervious fraction data to define urban areas in 2020, which is also derived 

from the GAIA dataset, and shared it alongside the updated GloUCP dataset. This addition not only 

aligns with our use of the GAIA dataset as a mask but also allows users to conveniently define urban 



categories in WRF simulations based on the consistent impervious fraction data. We have added a 

description of these modifications in Section 2.2 in the revised manuscript. 

 

“Additionally, to ensure the consistency of the calculation area with the existing impervious 

surface extent, we further use the Global Artificial Impervious Area (GAIA) dataset in 2020 as 

a mask for UCP calculation. The GAIA dataset is generated based on long-term optical remote 

sensing data from the Landsat series of satellites, supplemented by VIIRS nighttime light data 

and Sentinel-1 radar data (Gong et al., 2020). It uses spatial masking and feature evaluation 

algorithms to achieve rapid mapping of impervious surfaces, and employs a time consistency 

verification algorithm to filter and infer logical sequences of impervious surfaces, ensuring their 

spatial and temporal rationality. In our dataset, only grids with an impervious surface ratio 

exceeding 1% are retained. Moreover, we have provided 1 km resolution impervious surface 

fraction data for urban areas in 2020 derived from the GAIA dataset as well. This allows users 

to conveniently define urban categories (i.e., low-density residential, high-density residential, 

and industrial/commercial) in WRF simulations based on the consistent impervious fraction 

data.” 

 

Minor comments: 

Line 65: The reference (Demuzere et al., 2023) for LCZ implementation in WRF is missing. Reference: 

Demuzere, M., C. He, A. Martilli, and A. Zonato (2023): Technical documentation for the hybrid 100-

m global land cover dataset with Local Climate Zones for WRF (1.0.0). Zenodo. 

https://doi.org/10.5281/zenodo.7670792 

 

Response: We thank the reviewer for this comment. We have incorporated this reference into the 

manuscript. 

 

What year is the GloUCP data representative of? 

 

Response: The GloUCP dataset is derived from the 3D-GloBFP dataset in 2020, so it primarily reflects 

urban morphology for that year. We have mentioned this in the introduction and further explained it in 

https://doi.org/10.5281/zenodo.7670792


the data description section in the revised manuscript. 

 

“However, the latest research has created the first global three-dimensional building footprint 

dataset (3D-GloBFP) based on publicly available multi-source data (Che et al., 2024). This 

dataset integrates existing building data to calculate the boundaries and heights of individual 

buildings globally in 2020.” 

 

“Together, these two open-source datasets provide a thorough global spatially continuous 

building boundary dataset in 2020.” 

 

Lines 120-125: It needs to be made clear that these required UCPs are for WRF single layer UCM or 

all WRF UCMs. WRF includes three types of UCMs (SLUCM, BEP, BEP-BEM). If it is only for single 

layer UCM, then this should also be made clear in the title. 

 

Response: We thank the reviewer for this comment. Our dataset is designed for three types of Urban 

Canopy Models (UCMs) in the WRF model: SLUCM, BEP, and BEP-BEM. To provide users with a 

clearer understanding of the applied UCP schemes, we have elaborated on these parameters in the 

method and conclusion sections in the revised manuscript, as detailed below: 

 

“These parameters include mean building height, standard deviation of building height, area 

weighted mean building height, plan area fraction, building surface to plan area ratio, frontal 

area index, and distribution of building heights, as detailed in Table 1. They can be applied to 

three types of UCMs in the WRF model: single-layer urban canopy model (SLUCM), building 

effect parameterization (BEP), and BEP-BEM (building energy model).” 

 

“In this study, we developed a global 1 km spatially continuous UCP dataset — GloUCP, utilizing 

the latest available building-level information in 2020. It can be applied to all three types of 

UCMs (i.e., SLUCM, BEP, and BEP-BEM) in the WRF model.” 

 
 



Table 1. Calculation of GloUCP for the WRF model and the applied UCP schemes. 

Variable Abbreviation Formula Description 
Used by UCM 

(URB_PARAM 
Index) 

Mean 
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height 
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ℎ! is the height of building 𝑖; 𝑁 is 

the total number of buildings in the 

grid; 

SLUCM 
(92) 

Standard 
deviation of 
building 
height 
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SLUCM 

(93) 

Area 
weighted 
mean 
building 
height 
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!#$

∑ 𝐴!"
!#$

 
𝐴! is the plan area on the ground 
level of building 𝑖; 

SLUCM, BEP, 
BEP-BEM 

(94) 

Plan area 

fraction 

𝜆* 
𝜆* =

𝐴*
𝐴+

 
𝐴* is the total footprint area of 

buildings in the grid; 𝐴+ is the total 

area of the grid; 

SLUCM, BEP, 
BEP-BEM 

(91) 

Building 

surface to 

plan area 

ratio 

𝜆, 𝜆* =
𝐴- + 𝐴.
𝐴+

 𝐴- is the total roof area of buildings 

in the grid; 𝐴. is the total area of 

non-horizontal roughness elements 

(such as walls); 

SLUCM, BEP, 
BEP-BEM 

(95) 

Frontal area 

index 

𝜆/ 
𝜆/(𝜃) =

𝐴*012
𝐴+

 
𝐴*012 is the total projected area of 

buildings on a plane perpendicular to 

four wind directions (0°, 135°, 45°, 

90°,); 𝜃 is the wind direction. 

SLUCM 
(96-99) 

Distribution 

of building 

heights 

ℎ'!%(𝑖) ℎ'!%	 (𝑖)

=
𝑁'!%	 (𝑖)
𝑁 × 100% 

𝑁'!%	 (𝑖) is the number of buildings 

vertically resolved with 5 m bins 

spanning 0-75 m. 

BEP, BEP-BEM 
(118-132) 

Notes: UCM, urban canopy model; SLUCM, single-layer urban canopy model; BEP, building effect 

parameterization; BEM, building energy model. The values in parentheses in the last column represent the index 

of the UCP in the URB_PARAM array. 

 

 

 

 

 



Line 125: What year is the GAIA data used in this study representative of? This info is important for 

regions with fast urbanization rate. 

 

Response: To ensure consistency with the 3D-GloBFP dataset, we used the 2020 impervious surface 

data from the GAIA dataset. This has been clarified in the revised manuscript. 

 

“Additionally, to ensure the consistency of the calculation area with the existing impervious 

surface extent, we further use the Global Artificial Impervious Area (GAIA) dataset in 2020 as 

a mask for UCP calculation.” 

 

Does the 3D-GloBFP data also include the Ai, Ap, Ar, Aw, Aproj and Ndis parameters mentioned in 

Table 1? It is not very clear based on the current descriptions. 

 

Response: The 3D-GloBFP dataset includes only building footprint and height information, and does 

not provide the Ai, Ap, Ar, Aw, Aproj and Ndis parameters mentioned in Table 1. These parameters 

were calculated at a 1 km grid level based on building-level information. We have added an explanation 

of this in the revised manuscript. 

 

“Overall, the 3D-GloBFP dataset, which can provide global building 2D footprint polygons along 

with their heights, is the most comprehensive among existing building vector data, making it a 

robust foundation for calculating UCPs in this study.” 

 

“In this study, all the UCPs are developed globally at a resolution of approximately 1 km (i.e., 

1/120°) based on the building-scale information (i.e., building outline and height) provided by 

the 3D-GloBFP dataset.” 

 

I suggest adding a table to summarize the evaluation metrics/statistics for each dataset for Section 3.2. 

 

Response: According to the reviewer’s suggestion, we have added two tables in the supplementary 

materials summarizing the dataset comparisons for three major urban agglomerations in China and 



three cities in the United States in the revised manuscript. 

 

Table S1. Comparison of mean building heights in GloUCP, reference data, and Sun2021 across 

three major urban agglomerations in China. Evaluation statistics used are coefficient of 

determination (R2) and root mean square errors (RMSE). 

Region Dataset 

All RMSE (m) 

R2 
RMSE 

(m) 
height ≤ 10 m 10 < height ≤ 24 m height > 24 m 

BTH GloUCP 0.19 14.32 7.12 4.49 33.93 

Sun2021 0.09 15.22 7.39 7.08 35.38 

YRD GloUCP 0.20 15.88 14.02 9.02 28.93 

Sun2021 0.06 16.79 10.63 6.77 37.18 

GBA GloUCP 0.17 17.88 9.17 5.96 41.78 

Sun2021 0.07 19.29 12.36 8.11 42.48 

 

Table S2. Comparison of mean building heights in GloUCP, reference data, and NUDAPT across 

three representative cities in the United States. Evaluation statistics used are coefficient of 

determination (R2) and root mean square errors (RMSE). 

Region Dataset 
All RMSE (m) 

R2 RMSE (m) height ≤ 15 m height > 15 m 

Seattle GloUCP 0.81 2.51 1.45 8.29 

NUDAPT 0.64 9.03 4.15 10.72 

San Francisco GloUCP	 0.83	 4.73	 2.41	 7.48 

NUDAPT	 0.73	 8.57	 5.78	 9.22 

Philadelphia GloUCP 0.52 5.50 3.58 7.14 

NUDAPT 0.39 8.50 6.46 9.29 

 

 

 



Figure 6c,f,i: Should the blue bar be Sun2021 instead of NUDAPT in the legend? 

 

Response: Thank you for pointing out the error. We have corrected Figure 6 accordingly in the revised 

manuscript. 

 

One thing that is worth mentioning is that the NUDAPT data in WRF is an old dataset developed 

around 2010, which contributes to the large uncertainties of this dataset. 

 

Response: Yes, we have also noted the issue of differing data years. Therefore, we have addressed 

these uncertainties which might introduce into the dataset comparisons in the result section. 

 

“Nevertheless, using Microsoft’s data as reference does not necessarily imply that its height 

values are absolutely accurate. The heights in Microsoft’s dataset were interpolated using a 

digital terrain model derived from very high-resolution aerial photography, with building 

boundaries that were hand-digitized. NUDAPT’s data were derived from LiDAR measurements, 

which are also highly accurate. However, it is important to note that the NUDAPT dataset was 

created using data from the year around 2009, whereas our dataset is based on data from around 

2020, leading to a temporal discrepancy. As a result, there is some degree of uncertainty in these 

comparisons.” 

 

I would suggest adding a small section to discuss the potential uncertainties associated with this 

GloUCP dataset and the cautions/suggestions for users in terms of correctly using this dataset. 

 

Response: According to the reviewer’s suggestion, we have added Section 4, “Limitations and 

uncertainty”, to discuss the potential uncertainties associated with the GloUCP dataset in the revised 

manuscript, as detailed below: 

 

“4 Limitations and uncertainty 

The primary purpose of GloUCP is to provide a global 1 km spatially continuous UCPs for three 

types of UCMs (i.e., SLUCM, BEP, and BEP-BEM) in the WRF model. The uncertainties in 



GloUCP data primarily originate from the 3D-GloBFP dataset, which is generated from multi-

source datasets that integrate information with varying spatiotemporal coverage. Additionally, 

in regions with limited building height samples (e.g., Africa), the accuracy of building height 

estimation remains relatively low. Therefore, as the accuracy of the 3D-GloBFP dataset improves, 

the precision of the GloUCP dataset can also be further enhanced. 

Considering computational and storage costs, this study only provides UCPs at a global scale 

with a 1 km resolution. However, based on building vector data, UCP datasets at any spatial 

resolution can be generated. When regional climate simulations require higher spatial resolution, 

the resolution of UCP calculations can be adjusted to meet the needs of high-resolution climate 

modeling. It is important to acknowledge these limitations and uncertainties when using GloUCP 

data for modeling and analysis. Despite these limitations, GloUCP provides globally 

comprehensive urban canopy parameters, supporting detailed urban climate simulations on a 

global scale.” 

 

Is there a plan for the authors to implement this dataset to WRF Pre-processing System (WPS)? 

 

Response: Yes, we have planned to implement our dataset to the WPS after our paper is published. 


