
Response to Reviewers’ Comments 

 

Before addressing the comments, we thank the editors and two (or three) 

anonymous reviewers for their thoughtful and constructive comments and 

suggestions, which significantly help improving the quality of our manuscript. In this 

revised manuscript, we have tried our best as much as possible to address all concerns 

and have revised the manuscript accordingly. The reviewers’ comments are written 

in plain font, and our point-to-point responses to the reviewers’ comments are in 

italics. 

 

 

Reviewer #3 Evaluations:  

The manuscript entitled “Investigation of near-global daytime boundary layer 

height using high-resolution radiosondes: First results and comparison with ERA-5, 

MERRA-2, JRA-55, and NCEP-2 reanalyses” presents a near-global assessment of 

high-resolution radiosonde derived boundary layer height (BLH) and provides a 

quantitative assessment of four reanalysis products. This paper is generally well written 

and makes an important contribution to characterizing the BLH at the global scale and 

providing useful information on reanalysis data usage. However, I have the following 

major comments concerning the bias attribution. 

Response: We greatly appreciate your positive comments on the contribution of our 

work to the PBL meteorology, especially in characterizing the BLH across the world, 

as well as comprehensive evaluation of several widely used reanalysis dataset based on 

high-resolution radiosonde measurements. Per your suggestion, we have tried our best 

to address all your concerns in this revised manuscript, which we hope you will be 

satisfied with.  

 

First, in the case study at Chongqing, the fine-scale vertical structures of Ri, WS, RH, 

and T seem to have a larger impact in determining BLH compared to the overall bias 



of the basic parameters. It appears that both overestimation (in JRA-55) and 

underestimation (in NCEP-2) of WS and RH lead to a smaller BLH. Discussions on the 

impact of vertical structure including the vertical resolution would provide useful 

information on the bias attribution. Relatedly, is there a specific reason for choosing 

this case as an example to show BLH biases in the reanalysis data? It would be helpful 

to provide a comment on other cases. 

Response: Strongly agreed. Based on Eq.(2), BLH is negatively correlated with wind 

speed (WS), relative humidity (RH) and temperature profiles. Particularly, it is largely 

altered by the near-surface meteorological parameters and the vertical resolution of 

data. Based on the result in Seidel et al. (2012), BLH is usually lower for a sparser 

vertical resolution. Factors that cause uncertainties in estimating BLH by using 

Richardson method include, but not limited to, meteorological parameters, the surface 

friction, vertical resolution of data and the critical value of Ri.  

Compared to vertical profiles of RH, temperature and wind speed, BLH 

considerably varies with the near-surface virtual potential temperature. In Figure 1, 

the near-surface virtual potential temperatures are underestimated by MERRA-2, JRA-

55 and NCEP-2 (𝜃𝑣𝑠(𝑅𝑆) = 304.43 𝐾, 𝜃𝑣𝑠(𝑀𝐸𝑅𝑅𝐴2) = 303.21 𝐾, 𝜃𝑣𝑠(𝑁𝐶𝐸𝑃2) =

301.97 𝐾, 𝜃𝑣𝑠(𝐽𝑅𝐴55) = 303.59 𝐾). 

The reasons for the selection of site located in Chongqing were twofold: (a) The 

elevation of Chongqing station is 541 m above sea level, which is a typical value of 

elevation among all radiosonde stations. It is therefore helpful for examining the impact 

of surface parameter extraction procedure that is an important input parameters for 

the BLH from Ri method. (b) The time for the balloon launch is at 0600 UTC (1300 

LST) when convective PBL dominates. This justifies our selection of this case, to some 

extent. 

In addition, we investigate three more cases, as illustrated in Figs. A-C. It is found 

that the underestimations in BLH could be mostly owing to the smaller values of 𝜃𝑣𝑠, 

wind speed, and RH, as well as the coarser vertical resolution. The aforementioned 

response and comments have been well incorporated into this revised manuscript. 

 



 

Figure A. Profiles of basic atmomospheric parameters from the ground up to 2.5 km 

AGL, including wind speed (orange), bulk Ri (black), temperature (blue), and RH 

(green) at 0600 UTC (1400 LST) 18 Aug 2015 at Beijing (39.8°N, 116.46°E) from 

radiosonde (a), MERRA-2 (b), NCEP-2 (c), and JRA-55 (d) reanalysis datasets. Note 

that BLH derived from ERA5 is denoted by black dash lines.  

 



 

Figure B. Similar to Fig. A, but for sounding at 1800 UTC (1100 LST) 10 Jul 2019 at 

CORPUS CHRISTI (27.77°N, -97.5°W).  

 



 

Figure C. Similar to Fig. A, but for sounding at 0600 UTC (1300 LST) 10 Aug 2018 at 

KOROR/PALAU ISLAND (7.33°N, 134.48°E).  

 

Second, the biases of the BLH in reanalysis data are attributed to the complex 

topography and static stability based on their correlation coefficient. The afternoon 

sounding during the warm season leads to large biases over the TP and western US, 

where the terrain is complex. Assessing the relationship between BLH bias and DEM 

spread using data collected at similar LST would provide useful information on the 

robustness of the results. 

Response: We agree. Following your constructive suggestion, we assessed the 

relationship between BLH bias and DEM spread only for all soundings released in the 

afternoon, spanning from 1300 LST to 1800 LST. As a result, there were 78 available 

radiosonde stations in total. As presented in Fig. D (Fig. 11 in the revised manuscript), 



BLH biases are still negatively correlated with DEM spread, indicating a robust 

relationship between them. The related statement has been rephrased as: 

“Terrain is complex over the western China and western US where most of soundings 

are released at afternoon and large BLH biases are usually found. Therefore, for all 

soundings that are launched at the time interval spanning from 1300 LST to 1800 LST 

we analyze the relationship between BLH biases and the standard derivation of the 

DEM (Figure 11).” 

 

Figure 11. Density plots of the BLH biases in ERA-5 (a), MERRA-2 (b), JRA-55 (c), 

and NCEP-2 (d) as a function of the standard derivation of the DEM. All samples are 

collected from soundings that are launched in the afternoon, spanning from 1300 LST 

to 1800 LST.  

 

 

Meanwhile, because of the coarser temporal resolution, MERRA-2, JRA-55, and 

NCEP-2 are not able to match LST of all soundings during IOP. The time mismatch 

between the sounding and reanalysis data may also introduce biases due to the distinct 

diurnal variation of BLH. It is necessary to discuss if the result will significantly change 

with/without IOP data used. 

Response: Good points! Per your suggestion, we plotted the distribution of BLH by 



using soundings that were released only at 0000 UTC and 1200 UTC (Fig. D). 

Compared to the result in Fig.3, the result will not significantly change with/without 

IOP data used. It can be interpreted by the fact that about 75% of soundings were 

released at regular synoptic time.  

 

Figure D. Spatial distributions of the mean BLHs determined at the near-global high-

resolution radiosonde observational network locations during the daytime (without 

IOP obervations) for the period 2012 to 2019, which is extracted from ERA-5 (a), 

MERRA-2 (b), JRA-55 (c), NCEP-2 (d), and radiosonde measurements (e), respectively. 

 

 

Fig. 4 nicely shows the diurnal variation of BLH. The authors mention “some soundings 

that are released at 0000 and 1200 UTC are excluded …. for collecting samples in the 

daytime.” In my understanding, for instance, the 14 LST results in both Fig.4a and Fig. 

4b should include all soundings collected at 14 LST. It is not very clear why some 

soundings at 0000 and 1200 UTC are removed to only show daytime results in Fig. 4b? 

Besides, how does the application of additional soundings during IOP lead to the 

differences between Figs. 4a and 4b?  

 



Response: As shown in Fig.2, soundings released over China and Europe at 0000 UTC 

are during nighttime. In addition, Fig.S2 shows the result for 1200 UTC. As a result, 

only 21.38% percent of sounding at 0000 and 1200 UTC released in the daytime.  

According to Fig. E, the durinal variation of BLH is insignificantly influenced by 

IOP obervations.  

The aforementioned response and comments have been well incorporated into the 

revised manuscript. 

 

 

Figure E. (a) and (b) show the durinal variation of BLH in the daytime with and without 

IOP observations, respectively.  

 

 

Is there a specific reason for presenting the difference using radiosonde (the reference 

dataset) minus reanalysis rather than reanalysis minus radiosonde in Figs 5-8? It seems 

counterintuitive to use positive differences in those figures to represent underestimated 

BLHs. 

Response: Good point! As suggested by both reviewers, Figs.7-10 in the revised 



manuscript have been modified as “BLH(reanalysis) – BLH(RS)”. 

 

 

Specific Comments: 

Line 56: Suggest changing to “boundary layer height”. 

Response: Amended as suggested. 

 

Line 192: How many layers below 500 hPa in ERA-5? 

Response: ERA-5 in versions of pressure level and model level has 16 and 42 layers 

below 500 hPa, respectively. While the used BLH in this manuscript is the packaged 

product, which can be found at 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-

levels?tab=form 

 

Line 218: Change to 0000 and 1200 UTC. 

Response: Point taken. 

 

Line 220: This section introduces calculations for both normalized sensible heat and 

latent heat fluxes. Suggest changing the section title to include both fluxes. 

Response: Point taken. 

 

Line 225: Add a period after the parenthesis. Can you further explain why small latent 

heat flux means more energy being available for PBL growth? 

Response: Point taken. As suggested, a new phrase has been added as “When less 

energy is constrained by the moist ground, more energy is available to heat the air.”.  

 

Line 236: Remove “sensible”. 

Response: Point taken. 

 

Line 237: Sections 2.4 and 2.5 introduce BLH calculation which may be more 

https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=form


connected to section 2.2. Suggest moving those two sections forward. 

Response: Point taken. 

 

Line 272-273: Is this an extra step only required by observations during IOP, as the 

regular synoptic times are included in all reanalysis data? Meanwhile, JRA-55 and 

NCEP-2 have a temporal resolution of 6 hours, which may be not able to hit every 

weather balloon launch time with hour difference. Would it result in a significantly 

smaller sample size compared to ERA-5 and MERRA2? 

Response: Yes, step (3) is only suitable for IOP observations. As a result, the samples 

by JRA-55 and NCEP-5 are indeed less than those of ERA-5 and MERRA2. The total 

number of samples for NCEP2 and JRA55 are 18.37% less than that of ERA5, which 

would not significantly change the result.    

 

Line 282: Is there a specific reason for arranging the panels in the order of a, b, d, c? 

Response: There is no specific reason. Per your suggestion, we have changed it to 

ordinary order.  

 

Line 345-346: The authors mentioned that the reanalyses and observations show the 

deepest BLH in the afternoon of summer, from which I think it is insufficient to 

conclude that “both capture the diurnal and seasonal variations” at this point. 

Response: We totally agree and revise it to “By and large, the climatological results of 

BLH by radiosonde and four model products are comparable, indicating that both 

capture the spatial variations implied by the sounding LST times sampled.” 

 

Line 365-366: Did the authors mean “latitude” and “67.6 °N/°S”? 

Response: Yes. The error has been corrected. 

 

Line 385: Remove “/.”. 

Response: Point taken. 

 



Line 392: What is the “ensemble mean”? 

Response: We changed it to near-global mean. 

 

Line 413: Change “WD” to “WS”, and at other places. 

Response: Point taken. 

 

Line 423: Fig. 9b marks significant correlations between BLH and Ps. I think this was 

simply left out by mistake. 

Response: Yes, we agree. Per your comment, it has been corrected as: “By contrast, 

the correlation between Ps and BLH is negatively significant above most of the regions 

(Figure 5b)” 


