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Interactive reviewer comment on the manuscript Coupling the TKE-ACM2 Planetary 
Boundary Layer Scheme with the Building Effect Parameterization Model 

GMD-2024-205 

  

By Zhang et al. 

  

General considerations 

In this contribution the authors present the coupling approach of an urban ‘building effect 
parameterization’ (i.e., the surface exchange parameterization) to a recently proposed 
(improved) boundary layer parameterization scheme for atmospheric RANS type models. 
The new coupled scheme is compared to a version with a bulk surface exchange treatment, 
and to the results from another PBL parameterization (one of the ‘standard schemes in the 
literature), once with the bulk surface exchange and once with the ‘building effect 
parameterization’. The approach is evaluated on two case study scenarios with an idealized 
surface characterization (regular cubes) and an LES (PALM-4U) as a reference. Then, a 
month-long simulation for the Pearl River Delta (China) with a number of mega-cities 
(including Hong-Kong) is performed. Data from three lidars (wind profiles), and 31 surface 
stations (urban and rural) are used for validation. 

The study is well designed, and pretty well described (the ‘plan’ for the paper is good, and 
much of what needs to be known, can be found somewhere). I cannot say, however, that it is 
well written (I have added quite a number of ‘detailed comments’ – mostly  related to 
language or formulations, etc.). A serious language/style update by a native speaker would 
certainly greatly improve the value of the paper.  

Even if I have labelled one of the comments as ‘major’, I think its resolution is straight forward 
– so that I can recommend the paper to be published subject to minor modifications. 

Major comments 

1. Real case simulations & data: the presentation of the data is not complete. The lidars, 
when introduced should be characterized (urban, rural) and some basic information 



on vertical resolution and accuracy should be provided. Also, for the surface stations, 
information should be provided on the explicit meaning of the different LCZ classes 
(‘compact high rise, LCZ1, etc.), and how many are available for each type (how many 
urban, how many non-urban), what ‘G class’ (e.g., Fig. 17, 18, ..) means. Much of this 
can be found somewhere (I can, for example add the different numbers in each panel 
in Fig. 17) but the authors could support the reader in providing this information. 
Furthermore, Figs. 14-16 have 10 urban classes, plus ‘water cells’ plus ‘natural cells’, 
while Figs. 17-19 have 7 urban classes (the remaining three are probably not available) 
plus ‘G stations’ and ‘rural stations’: how do the latter translate to the water cells and 
natural cells? I suggest to add a sub-section in Section 2 with some of this information. 

 

Dear Reviewer: 

Thank you for your thorough review and valuable feedback. We appreciate your positive 
remarks regarding the design and structure of our study. We acknowledge the need for 
improvements in language and style, and we are committed to addressing these issues. We 
have responded to your detailed comments to enhance clarity and coherence. Additionally, 
we have appointed a native English speaker from AsiaEdit (https://asiaedit.com/) to assist 
with a comprehensive language and stylistic revision. We are grateful for your constructive 
input and are pleased that you find the main issues straightforward to resolve. 

Firstly, we have provided explanations for the Local Climate Zones (LCZ) codes 1 to 10 and A 
to G in Table B1. In the revised manuscript, we maintain consistency by avoiding quick 
switches between terms such as 'LCZ G' and 'water surface', as well as 'natural' and 'rural' 
by using 'water surface' exclusively to refer to 'LCZ G' and 'rural land' for other non-urban land 
types. 

Furthermore, we have introduced the characterization of wind speed LiDAR units in Section 
2.4.1, where essential details, including resolution, accuracy, and operating frequency, are 
described. Additionally, we clarify that the land cover type for each LiDAR unit is determined 
by the LCZ classification of the nearest model grid. For instance, the King's Park LiDAR is 
located within an LCZ 1 grid, and is therefore abbreviated as KP_LCZ1. 

Similarly, we have added a brief introduction to the surface stations data obtained from the 
Global Telecommunication System. The characterization of these surface stations is also 
informed by the LCZ code of the nearest model grid. Furthermore, we have explicitly listed 
the number of available stations for each LCZ classification, as detailed in Table B1. 



 

 

Minor comments 

l.48 ‘…they work with few…’: maybe better ‘they have only been coupled to a few … (I think 
they would also work with all the other schemes – btu it has not been done) 

Thank you for highlighting this point. Line 46  has been revised to: 

‘However, multi-layer BEP/BEP+BEM models are adopted less widely than the Bulk scheme 
or SLUCM because they have only been tentatively coupled to a few planetary boundary 
layer (PBL) schemes [e.g., Boulac (Bougeault and Lacarrere, 1989), MYJ (Janjic, 1994), and 
YSU (Hong et al., 2006) added recently by Hendricks et al. (2020)]. This is primarily due to ´ 
the challenges associated with incorporating the transformation of mean kinetic energy into 
TKE within a first-order closure PBL scheme, such as the YSU scheme. ’ 

l.60     ‘have shown that the TKE-ACM2….’ 

Thank you for the careful evaluation of the manuscript. We have revised the wording in line 
69 accordingly as: 

‘They showed that the TKE-ACM2 outperformed two other operational PBL schemes, Boulac 
(Bougeault and Lacarrere, 1989) and ACM2 (Pleim, 2007b), in simulating the vertical profiles 
of wind speeds.’ 

l.62      ‘at the urban station….’: this suggests that the reader knows which urban station is 
meant. Please rephrase. 

We have rephrased the sentence in line 71 as: 



‘However, overestimated wind speeds persisted throughout the entire surface layer at 
stations classified as urban type, probably due to the discrepancy resulting from the Bulk 
parameterization of surface layer fluxes.’ 

l.72     ‘…from the high-resolution lidar’: same as before (this suggests that the lidar had been 
introduced before). Reformulate to ‘….from a high-resolution lidar’. 

‘…from the high-resolution LiDAR’ has been reformulated to: 

‘... from a network of high-resolution wind speed LiDAR units’ 

 

l.87        Energy conserving 

Revised accordingly. 

l.84        ‘…K is the eddy viscosity….’. Do I have to assume that K is equal for all ‘zeta’ (l.  91). If 
not (what would  be better supported by the literature) , K should also get an index zeta. 

We understand that this expression may cause confusion to readers who might assume K is 
the same for scalar and momentum. We have revised the expression in the equation for K 
such that 𝐾𝜁 = 𝐾ℎ  if 𝜁 ∈ [𝜃, 𝑞]  and  𝐾𝜁 = 𝐾𝑚  if 𝜁 ∈ [𝑢, 𝑣] .  Eqns.2 and 3 are revised 
accordingly. 
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Kh  and  Km  is likely to differ in their magnitudes, especially when there are convective 
thermals. The evidence is given in very detail in Li (2019) which is properly cited. Km is related 
to Kh by Kh = Km/PRt where PRt is the turbulent Prandtl number. The parameterization of 
Prandtl number adopted in this study is consistent with that in TKE-ACM2 (Zhang et al., 2024) 
which is the Businger’s relationship (Businger et al., 1971). 

 



The text has been revised  in line 130 to: 

‘The eddy diffusivity is equal in magnitude for scalars (Kh) and TKE (Ke) and is related to eddy 
viscosity (Km) through the turbulent Prandtl number (Prt), which is a key parameter pertinent 
to heat transfer (Li, 2019): 

𝐾𝑒 = 𝐾ℎ = 𝐾𝑚/𝑃𝑟𝑡 

where 𝐾𝑚 = 𝐶𝐾𝑙𝑘𝑒1/2, 𝐶𝐾 is a 𝒪(1)  empirical constant, the parameterization of 𝑃𝑟𝑡  is 
consistent with that in Zhang et al. (2024) which follows Businger et al. (1971), and …’ 

l.115      ’C_eps is an empirical constant and l_eps  corresponds to….’ 

Line 122 is revised as: 

‘… 𝜖 = 𝜌𝐶𝜖𝑒3/2/𝑙𝜖   represents the TKE dissipation rate where 𝐶𝜖   = 1/1.4 is an empirical 
constant and lϵ corresponds to the characteristic length of energy-containing eddies.’ 

l.162      uniformly distributed in the vertical: this may be a good idea in a CBL but how about 
the near surface? 

When a multi-layer UCM is turned on in WRF, e.g., BEP, the interpolation of prognostic 
variables (𝜁) below the first half eta level such as 𝑈10, 𝑇2 still follows M-O similarity theory 
(MOST) as if in Bulk simulations, despite it is doubtful that MOST is better justified in the 
roughness sublayer than in the urban canopy layer. The deviation of MOST and explicitly 
resolving the height below 1𝛥𝑧 = 12.5 m is not discussed in this study. However, according 
to Shin & Dudhia (2016), a vertical resolution ≤ 20 m  is deemed as a high resolution in a 
mesoscale model configuration. The comparison between LES and WRF+BEP is made by 
linearly interpolating the finer LES grids to the coarser WRF+BEP grids. 

In the real case simulations of the present study and in fact in many other studies, e.g., 
Bhautmage et al. (2022), Shen et al. (2019), the first half eta level corresponds to roughly 9-
13 m, which maintains a reasonable balance between the computational cost and accuracy 
in the urban canopy layer. 

l.164      ‘…one corresponding to a moderately…’ 

Revised accordingly. 

Fig. 2, caption:  the different types of lidars should be referenced (UTSS, HT, KP), and briefly 
explained (possibly in the text) what their strengths weaknesses are. 

The subsection (Section 2.4.1) is revised to describe details of instrumentation of LiDAR 
units deployed at different sites in Hong Kong including USTSS_LCZ5, HT_rural, and KP_LCZ1. 



l.215      ‘…it is found that quasi-….’ 

Revised accordingly. 

l.215      ‘….when LES…’: how is the time for having reached quasi-equilibrium diagnosed? 

Shin & Dudhia (2016) found that the TKE increases in time until 1 hr and stops growing after 
that, supporting that LES has reached a quasi-equilibrium state. In their study, the time scale 
1hr corresponds to approximately 6𝜏 where  𝜏 = 𝑃𝐵𝐿𝐻/𝑤∗ is the large eddy turnover time. 
Similarly, a factor of 5 is found in other literature, e.g., Ayotte et al. (1996), Pleim (2007). In 
this study, the time series of TKE exhibits a similar trend to aforementioned studies, where 
TKE reaches a maximum, followed by a slight descend, and stops growing after that. The 
maximum vertical velocity shows a similar trend. Ultimately, we found that a time scale 
corresponding to approximately 10.2𝜏 shown by the vertical dotted lines in the time series 
could be a critical value for determining LES has reached the quasi-equilibrium. After 10.2𝜏, 
although the time series exhibits fluctuations in the magnitudes, the instantaneous value 
does not show considerable deviation from the mean.  There is no particular algorithm for 
diagnosing this time scale. Instead, due to the inability to store LES output at each time step, 
we found that domain averaged profiles after spinning up approximately 10.2𝜏=6,300 s and 
4,200 s in two cases would be appropriate to drive the WRF simulations.   

l.223      usually called ‘turbulent fluxes’. However, it would be better to delete ‘outputted’ - 
these are just the ‘turbulent fluxes from PALM‘. 

Thanks for your careful proofreading. We have corrected ‘turbulence fluxes’ to ‘turbulent 
fluxes’. Also, we have deleted the word ‘outputted’ from the sentence. 

l.224      very often, what we can see in a figure has been plotted… (so, the verb ‘to plot’ is 
somewhat obsolete in this context). May be ‘….schemes are contrasted in …’. 

Thanks for the suggestion. We have revised the sentence in line 238 to: 

‘The horizontally averaged u and θ profiles during the last 6τ are displayed in Fig.4 and the 
turbulent fluxes from PALM and computed from WRF PBL schemes are contrasted in Fig.5.’ 

Fig. 6, caption: please add for which case this RMSE is determined and what ‘the truth’ is 
(assumed to be).  

We have revised the caption of Fig.6 to: 

‘a-d): RMSE for 𝑤′𝜃′, 𝑤′𝑢′, 𝜃 and 𝑢 calculated below the PBL height for Case 10WC by taking 
the LES results as the ground truth, respectively; e-h): same as a-d) but for Case 24SC’ 



Fig. 6: I would find it ‘more convincing’ if the black dots would be displayed as a ‘dotted  line’ 
(and not as a dot at each level) – then it would not appear as a black line in the lower parts of 
the panels…… 

Thanks for the suggestion. I assume you mean Fig.4 (u and theta comparison) and Fig.5 
(turbulent fluxes comparison) but not Fig.6 as Fig.6 is a bar plot and has no dot plots. We 
have now revised Fig.4 and Fig.5 such that the black dots representing LES results are 
connected through solid lines. 

1. 231 ‘a smaller warm bias’ would possibly sound better 

Revised accordingly. 

l..234     ‘becomes stable….’: this is indeed a feature of the CBL. Some authors have even 
defined a ‘neutral level’, i.e. the height where slightly unstable transits into slightly stable 
(formally, there might even be such a height in the LES) 

Thanks for the comments. 

l.241      ‘….within [the] UCL and near [the ]PBL height where the relatively constant w′θ′ in the 
middle UCL is not exhibited [reproduced?] in either BEP simulation.’. Here, I think this is a 
little ’underselling’ the BEP simulations. They at least to some degree reproduce a strong 
deviation in the profile at canopy height (the two others cannot reproduce this), the relax in 
the middle of the CBL (and yes, the vertical gradient is too small)….. 

Thanks for pointing this out. We have rephrased line 265 to: 

‘Greater discrepancies in the magnitude of 𝑤′𝜃′ were observed in TKE-ACM2+BEP within the 

UCL and near the PBL, height where the relatively constant 𝑤′𝜃′  in the mid-UCL was not 

reproduced in either BEP simulation; however, the drastic reduction in 𝑤′𝜃′ at roof level was 
well captured, indicating that the physical interaction with buildings was reasonably 
considered.’ 

l. 249      ‘This has shown the wind shear at the roof level is underestimated…’: I am not sure 
what the authors want to say with this. Maybe this is just a matter of wording? – ‘thus it 
appears that the BEP parameterization results in an underestimation of wind shear at roof 
level, when compared to the LES’. 

Indeed, we aimed to convey a plain fact. We have rephrased line 254 to: 

‘It should be highlighted in Fig.4b that from the ground level to the top of the UCL, both BEP 
simulations overestimated the wind speed in contrast with an underestimation in the mixed 



layer. It thus appears that the BEP parameterization resulted in an underestimation of wind 
shear at roof level when compared with the LES.’ 

l. 250     ‘it is discovered…’: first of all I suggest to start a new paragraph. Second, momentum 
flux decreases (increases in magnitude…) with height. Third, ‘at some height’ (as it appears 
in the LES) seems to be some 2-4 canopy heights (in b) and d), respectively). Fourth, this 
cannot be called ‘discovered’ here – this was even one of the reasons for the development 
of the BEP scheme (i.e., that it had been discovered earlier, that momentum flux was not 
constant with height in urban canopies). 

Thanks for the detailed comments. First, in the revised manuscript, we have started a new 
paragraph. Second, we corrected the momentum flux decreases from the ground (not 
increase). Third, we have substituted ‘at some height’ to ‘at approximately 2 to 4 times the 
canopy height’. Fourth, we rephrased the sentence to ‘It is observed that …’. Consequently, 
the whole sentence in line 271 is revised to: 

‘The momentum flux decreases from zero at the ground level to a maximum value at 
approximately 2 to 4 times the canopy height followed by a descending trend in BEP 
simulations,  in contrast to the monotonically descending trend in simulations when the Bulk 
method was adopted as shown in Fig.5a.’ 

l.260      ‘similar behavior of the two schemes is found…’ 

Revised accordingly.  

l.275      I think the dashed line is blue in Fig. 5d 

Revised accordingly. This typo was due to that we changed the color scheme for all plots 
suggested by the journal editor to allow readers with color vision deficiencies to correctly 
interpret the results. 

l.279      top of the RSL, rather 

Revised accordingly. 

Fig 7       I suggest to repeat the definition of delta_U (i.e., BEP-Bulk) in the caption. Same in 
Fig. 8 for theta 

Agreed. As suggested by Reviewer#2 we improved Figs.7, 8, 14, 15, and 16 by contrasting 
TKE-ACM2 minus Boulac, both with and without BEP.  In the caption, we have repeated the 
definition of Δ𝑈(𝑇𝐾𝐸-𝐴𝐶𝑀2 − 𝐵𝑜𝑢𝑙𝑎𝑐) in the captions. 

l.300      beginning a new sentence: Figure 8….. 

Revised accordingly. 



Fig. 9, caption: delete ‘plots the’ ; ‘at USTSS, HT and KP’: are these locations? I recall too have 
seen different symbols in Fig. 2 – and thought this to be different types of instruments. I 
suggest to add an ultra-short sub-section in Section 2, describing the instrument type, 
vertical resolution and some accuracy statements from the manufacturer. 

The words ‘plots the’ have been deleted.  

‘USTSS, HT, and KP’ are indeed LiDAR units located at different locations. 

Section 2.4.1 is revised to contain the abovementioned information: 

‘2.4.1 Landuse data and wind LiDAR observation network 

This study adopted the 17-class LCZ classification scheme (Demuzere et al., 2022) to more 
accurately capture the highly variable urban morphology within the domain of interest. The 
distribution of LCZ 1 to 10 (urban) grids and LCZ A to G  (non-urban) grids is depicted in Fig.2c. 
Each class is defined in Table B1.  

A wind speed Doppler LiDAR network (see Fig.2d) has been operational in Hong Kong since 
March 2020, continuously monitoring wind conditions and playing a crucial role in validating 
regional downscaling results. The network comprises three WindCube 100S LiDAR units 
manufactured by Vaisala. Each unit measures the vertical profile of the wind speed at an 
elevation angle of 90◦ . The units measure 25-m intervals starting from 50m above ground 
level, with an accuracy of <0.5m/s for wind speed and 2 ◦  for wind direction. Although each 
LiDAR outputs data at a frequency of 1Hz, measurements are averaged hourly and archived 
due to storage limitations. We represent the land cover type of each LiDAR unit using the LCZ 
classification associated with the nearest model grid following Ribeiro et al. (2021).  

The LiDAR unit at the Hong Kong University of Science and Technology Supersite 
(USTSS_LCZ5) is located on the east coast of Kowloon Island, where the nearest model grid 
center falls within classified as LCZ 5 (open mid-rise). The second LiDAR, installed on the 
southeastern peninsula of Hong Kong Island (Hok Tsui), is surrounded by natural vegetation 
and referred to as HT_rural. Lastly, the LiDAR at King’s Park in downtown Kowloon, where the 
average building height is 60m (Kwok et al., 2020), is located within an LCZ 1 model grid 
(compact high-rise), and designated as KP_LCZ1.  

In addition to profiler-type observations, we also used measurements of surface 
meteorological variables, including the 10- m wind speed (U10), 2-m temperature (T2), and 
2-m relative humidity (RH2), retrieved from the Global Telecommunication System. The 
coordinates and LCZ classifications of these surface stations are provided in the 
supplementary material of Zhang (2024). The surface station dataset comprises a total of 13 
urban stations characterized by LCZ classes 1 to 10, along with 10 stations situated on water 



surfaces, and 8 rural stations on land. The distribution of surface stations across specific LCZ 
classes is provided in Table B1.  ’ 

l.306      …the rural lidar station HT (first, I learn now that the different symbols are different 
sites (see previous comment), but also I learn that at least one of the lidars is ‘rural’. Why not 
giving them an extension in the acronym? 

We have renamed HT to HT_rural, USTSS to USTSS_LCZ5, and KP to KP_LCZ1 in the texts as 
well as in the figures. 

l.306      at the LCZ 5 USTSS lidar location: wouldn't it be perfect to add this LCZ information 
to the section suggested in ‘comment to Fig. 9’? 

We have added the description of each LiDAR and its surrounding roughness in Section 
2.4.1. 

l.308      ‘has been reduced’: the authors probably mean ‘is smaller in the BEP schemes….’ 

Revised accordingly. 

l.309      I don’t think there is a Fig. A51… Can the authors adjust? 

We have made necessary corrections with numbering when referencing to the 
supplementary materials. 

l.312      starting at an altitude of 50 m agl? 

The Vaisala wind LiDAR series WINDCUBE 100S has a blind spot from the ground level to 
50m AGL. The first measurement starts from 50m AGL then every 25m. 

Fig.10/11/12, captions: are these instantaneous values at the given times or 1-hour averages 
(in both, the observations and the simulation? Also, the caption may remind the reader that 
the panels start at 8 pm (why is this so?) 

The LiDAR observations are 1-hour averaged values. The Vaisala wind LiDAR series 
WINDCUBE 100s is tuned to measure wind speeds at a frequency of 1 HZ. The size of raw 
data for a single LiDAR unit operating for 24 hours is on the order of 1 TB storage, thus the 
data is processed by taking the hourly average and save 24 times a day. The simulation is the 
instantaneous value defined at the integer hour in the WRF namelist. 

 

The sequence of subplots starts from 8pm because the model integration starts from 1200 
UTC+0 18th July in 2022 to 1200 UTC+0 18th August in 2022, which translates to 2000 local 
time in Hong Kong (UTC+8). Therefore, the default time stamp after aggregating the results 



starts from 20hr UTC+8, then 21, 22, 23, 24, 1, 2, 3, …,18, 19. We have added the following 
sentence in the captions of Fig.9 and 10. for clarity. 

‘The integration is from 2000 UTC+8 on 18𝑡ℎ  July in 2022 to 2000 UTC+8 on 18𝑡ℎ   August in 
2022.’  

Fig. 13: RMSE and mean bias of WHAT? What is the data base? What are the ‘error bars’ 
referring to? 

We meant the RMSE of monthly averaged diurnal variation of vertical profiles of wind speeds 
from WRF simulations by benchmarking against the LiDAR measurements, so is the mean 
bias. 

The error bars mean the ±1𝜎 variability of RMSE/ mean bias calculated at 24 hours. 

We have revised texts in the caption as: 

‘Figure 13. RMSE (a) and MB (b) of the monthly averaged diurnal variation of vertical profiles 
of wind speeds calculated at the three LiDAR stations for four simulations obtained by taking 
LiDAR measurements as the ground truth. The error bars represent the ±1𝜎 variability of the 
RMSE/Mean bias of a diurnal cycle.’ 

l.330      convective thermals  

Revised accordingly. 

l.331      the smallest RMSE and the smallest negative bias…. 

Revised accordingly. 

l.332      Boulac+BEP, which increased the deviations with respect to the Boulac+bulk 
simulations. 

Revised accordingly. 

l.334      I cannot locate Section 44.1. please adjust. 

We have removed the duplicated number and revised it as Section 4.1. 

l.337      this is not predictability, rather ‘accuracy’ 

We have revised the word ‘predictability’ as accuracy. 

l.342      who is collaborating here with whom? 

This is a typo where we meant ‘corroborating’. We have revised the sentence in line 360 as: 



‘Both schemes coupled with BEP exhibited considerably decelerated wind speeds below ∼ 
400m, corroborating the trend observed for all LCZ 1 girds shown in Fig.C2a.’ 

l.359      as small as… 

Revised accordingly. 

l.359      ‘…is more likely to be found at around 06LT in TKE-ACM2….’: I don’t think this can be 
said like that. Do the authors want to say that ‘delta_U10 starts to be larger (in absolute terms) 
starting from about 06 LT’? 

We have overhauled Section 4.3 according to Reviewer#2’s suggestions, where we 
discarded the comparison between BEP and Bulk that is well-known and clear, rather we 
now present comparison between TKE-ACM2 and Boulac in BEP/Bulk simulations. 

l.366      slightly altered? 

Revised as ‘gently altered’ to ‘slightly altered’. 

l.369      the ‘supplementary Zhang (2024) is not a proper citation (in the supplementary 
material to Zhang….) 

We have revised line 387 as: 

‘Time series data for each station are provided in the supplementary material of Zhang (2024)’ 

l.377      LC1…stations are …lower than the observed values’: this is, first of all, not a correct 
sentence  (the simulated wind speed at these stations is smaller than…). Second this is a 
very important observation, which suggests that the authors should (maybe in the appendix) 
produce a table where the LCZ codes are described in words (having read the sentence, I, 
for example would wonder what LCZ2 is (it is also having much lower wind speeds than 
observed….). I suggest to add this finding explicitly to the conclusions (in the present form it 
states that LCZ1,4, 10 etc. are underestimating – but it is more relevant to state that high-rise 
and heavy industry types are underestimating. 

Thanks for your suggestion in highlighting our key findings. We have revised the text as: 

‘However, the simulated wind speeds simulated using BEP at LCZ 1, 2, 4, and 10 stations 
were lower than observed values, particularly during the day.’ 

Second, we have added in the appendix outlining the code for each LCZ class along with 
brief description. 

Third, we have highlighted explicitly that BEP simulations lead to underestimation in high-
rise and industry type grids in the conclusion in line 446 to line 449: 



‘BEP did not necessarily improve the prediction of U10 at all types of urban stations as it 
could lead to largely underestimated U10 relative to the two schemes with Bulk methods. 
For instance, extremely low wind speeds were observed at LCZ 1, 2, 4, and 10 stations, which 
were in areas that had mostly compact or high-rise buildings. The enhanced accuracy of U10 
simulated by TKE-ACM2+BEP was notable at stations located in areas of relatively low 
building density, such as LCZ 5, 6, and 8 stations.’ 

l.383      ‘at the hill whose…..’: replace by ‘at a hill with a spatial scale of 50 m’. 

We have revised the wording in line 399 as: 

‘For instance, the surface station co-located with the KP_LCZ1 LiDAR, also classified as an 
LCZ 1 station, was situated on a hill with a spatial scale of 50m.’ 

l.388      ‘Coinciding with Fig. 15’? Maybe: ‘As can be seen in Fig. 15, T2….’? 

We have revised line 381 to ‘Figure 15 shows that the temperature difference ∆T2(TKE-ACM2 
− Boulac) followed a diurnal pattern, with TKE-ACM2 consistently simulating lower T2 at 12LT 
relative to Boulac which…’. 

l.391      ‘their predictability’: it is accuracy and not predictability 

The word ‘predictability’ is replaced by ‘accuracy’. 

Figs17-19: what are ‘G’ stations? 

We have added the code of LCZ class in the appendix as mentioned previously. In addition, 
we have replaced ‘LCZ G’ by explicitly referring to ‘water surface’.  We avoided frequent 
switching of wordings of ‘LCZ G’ and ‘water surface’ in the revised manuscript, instead, we 
used ‘water surface’ exclusively in the texts. 

l.400      again, it is not the predictability that is improved, but the prediction (i.e., its accuracy). 
Predictability is a property of the atmosphere (which is assessed using ensemble prediction 
approaches) 

Revised accordingly. The word ‘predictability’ has been revised in other places in the 
manuscript. 

l.401      should read: ….BEP produces larger RH2 when …. 

Line 420 is revised as: 

‘Figure C5 shows that BEP produced an increasingly large RH2 when coupled with TKEACM2 
rather than with Boulac, resulting in a more profound improvement in TKE-ACM2+BEP.’ 

l.409      building-resolving 



Revised accordingly. 

Figure 20, caption: Please add the information (in the caption) where the number of sites 
contributing  to a LCZ type can be found. 

We have revised the caption of Figure 20 as: 

 ‘RMSE for aggregated station types, with a), b), and c) representing U10, T2, and RH2, 
respectively. The number of stations contributing to an LCZ type is given in the sub-titles in 
Fig.17, Fig.18, or Fig.19.’ 

l.419      BEP suggests that the buildings act.. 

Revised accordingly. 

l.421      …observations are used to… 

Revised accordingly. 

l.425      …LIDAR station, compared to.. 

The comma has been before ‘compared to’. 

l.430      no predictability 

The word ‘predictability’ has been replaced with ‘accuracy’. 
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