
After the careful review, my conclusion is the study is not accepted. The further 

comments are as follows for the considerations. 

Response: Thank you very much for your invaluable time and great efforts toward our 

manuscript. We are very appreciative of that all the comments have helped us a lot to 

improve the manuscript. We have carefully examined each comment and we have tried 

best to revise and restructure the manuscript based on the valuable comments and 

suggestions. 

In addition, if there is an inappropriate answer, please put it up again, I am very happy 

to answer and revise the manuscript again. Thank you very much. 

 

1. About tomography, the definition of voxels (volumetric pixels) should be the first 

important thing. I cannot see any clear definition for it. I mean what the size of 

voxels used in this study.  I suggest that the authors put it at the beginning of 

tomography section.  

Response: Thank you very much for your suggestions. We added the the size of 

voxels in the vertical direction at the beginning of tomography section. 

“The first stage is from the ground to 1km, which be further divided into 3 layers: 

the heights of the first two layers are 300m, and the height of the third layer is 

400m. The second stage is from 1km to SGT. The grid in this stage is divided into 

an even vertical height which requires the height of a grid is no less than 400m and 

not more than 600m. We divide it into (11±1) layers and each layer height is (SGT-

1000) / (11±1) m. The last stage is from the SGT to the FGT. The grid in this stage 

is divided into an even vertical height which requires the height of the grid is no 

less than 600m, and not greater than 1000m. We divide it into (6±1) layers and each 

layer height is (FGT-SGT) / (6±1) m.” 

 

2. Slant wet delay (SWD) is the beginning of everything about tomography in this 

manuscript. The authors just simply only applied Niell Mapping Function and 

without any parameterised strategy. It is highly risky, especially for water vapour 

(wet delay). The residual item should be in the equation (13) and the residual 



should be estimated. Actually, there are at least 3 different kinds of tomography 

models for 3-D (BIRA, TUW…)and one for 4-D can be used. Applying mapping 

function only in this manuscript is not enough. 

Response: Thank you very much for your commons. 

Actually, we take into account the influence of the horizontal gradient, equation 

(13) can be revied as 

SWDℎ = ZWDℎ ∙ 𝑀𝑤
Niell(𝑒𝑚𝑖𝑛) +

1

sin(α)∙tan(α)+0.0007
[GNcos(e)+GEcos(e)] 

where, GN is the north-south wet gradient component, and GE the wet gradient 

component relative to the east-west direction, e is the satellite azimuth; and α is the 

satellite cut-off altitude. 

 

3. I suggest that more literature review about tomography is necessary. Atmospheric 

Measurement Techniques (EGU) and ETH Zurich,  Switzerland, JoG are good 

resources. 

Response: Thank you very much for your commons. We added the latest literature 

on improving GNSS tomography in the introduction. 

“At present, scholars at home and abroad focus on how to improve GNSS water 

vapor tomography technology and further improve the accuracy of GNSS 

tomography. Such as, combining other observation data or reducing the error in 

signal propagation can also further improve the accuracy of wet delay information 

(Möller and Landskron, 2019; Heublein et al., 2019). In terms of solving 

tomographic equations, scholars have analyzed and improved the algebraic 

reconstruction method to improve the speed and accuracy of solution (Xia et al., 

2013; He et al., 2015), and some scholars have also used the compressed sensing 

method to solve the formula (Heublein et al., 2019). A large number of experiments 

have proved as well that high-precision prior information can help improve the 

vertical and horizontal constraints and improve the accuracy of tomography (Chen 

and Liu et al., 2016; Benevides et al., 2018; Xia et al., 2018).” 

 



4. The authors used wet refractivity from radiosonde and GPS RO to retrieve 

temperatures as the constrain in the study. GPS RO also provide temperature 

profiles. Is any reason the authors did not use the GPS RO temperature profiles 

directly. 

Response: Thank you very much for your commons. 

The satellite-based GPS RO data have provided continuous temperature and 

pressure measurements as a function of height in the upper troposphere with high 

accuracy, high vertical resolution. However, the temperature profiles provided by 

the GPS RO has poor accuracy in the lower troposphere and cannot be used as a 

benchmark vaule.  

 

5. Line 328 and 329, “….ERA5 could provide….., which were selected as the initial 

values in this  study…..”,  GPS RO and radiosondes have already been 

assimilated into ERA5. However, the authors used ERA5 as the first guest for the 

wet profiles constrained by GPS RO. Why don’t the authors use ERA5 as the 

constrain directly for first and second grid tops? 

Response: Thank you very much for your commons. 

Compared to ERA5, both GPS RO data and radiosondes have provided continuous 

temperature and pressure measurements as a function of height in the upper 

troposphere with higher accuracy, higher vertical resolution. We think the wet 

refractivity between the first grid top and the second grid top can be betther fited 

by selecting the RO and radiosonde products than ERA5. In addition, we will refer 

to your suggestions, and we will use ERA5 as the constrain directly for first and 

second grid tops in the future and compared it to our results. Thank you very much. 

 

6. Line 108 and 109,  “Though the Gauss weighted method (Song, 2004) can be used 

for the horizontal direction,………….”.  This strategy is only applied when the 

horizontal distribution of water vapour is stable. However, the weather (or climate) 

is the non-linear and complex system. I think the method is only suited for the 

simulation.  



Response: Thank you very much for your commons. 

Gaussian distance weighting method is the horizontal constraint method chosen by 

many scholars who do GNSS tomography research (Ye et al., 2016; Zhao et al., 

2019; Zhang et al.,2020). Indeed, this method has some shortcomings, such as it 

only applied when the horizontal distribution of water vapour is stable. Our next 

step will focus on finding a more efficient horizontal constraint method to improve 

the results of GNSS tomography, thank you very much for your suggestion. 

Reference. 

Ye S, Xia P, Cai C. 2016. Optimization of GPS water vapor tomography technique 

with radiosonde and COSMIC historical data. Ann Geophys-Germany. 34(9):789-

799. 

Zhang W, Zhang S, Ding N, Zhao Q. 2020. A tropospheric tomography method 

with a novel height factor model including two parts: Isotropic and anisotropic 

height factors. Remote Sens-Basel. 12(11). 

Zhao Q, Yao Y, Yao W, Zhang S. 2019. GNSS-derived PWV and comparison with 

radiosonde and ECMWF ERA-Interim data over mainland China. J Atmos Sol-

Terr Phy. 182:85-92. 

 

7. If the GPS RO is applied to this study, the number and the details of RO events 

happened in Hong Kong should be presented as the table in the manuscript and the 

types of RO data (used Level) as well. 

Response: Thank you very much for your commons. We added the detail of RO 

events happened in Hong Kong. 

 



 

Fig.1. Selected radio occultation products and the corresponding time span. ‘Q’ means quarterly. 

 

Table 1. Detail of RO events happened in Hong Kong 

The range of selected RO events  21.2°N-23.6°N; 112.85°E-115.15°E 

Mean mumber of RO events  1.3/day  

The type of RO events post-processed data products 

The level of RO events   Level2 

 

8. Both of CDAAC 2.0 (UCAR, USA) and ROM SAF (EUMETSAT) also provide 

GPS RO profiles. Is it the same with WEGC OPSv5.6 ? If not, I suggest that the 

authors provide the reason for using WEGC OPSv5.6. 

Response: Thank you very much for your commons.The most serious problem is 

a lack of quality control for CDAAC 2.0 (UCAR, USA). The CDAAC distributes 

RO data for all RO missions to date—except for the FenYung satellites, whose data 

is restricted—but the data hosted at the CDAAC is extremely heterogeneous, 

having been processed with different versions of the RO retrieval system at UCAR. 

WEGC OPSv5.6 overcomes this shortcoming (Meng et al. 2021). 

Reference. 

Meng, L.Y., Liu, J., Tarasick, D.W., Randel, W.J., Steiner, A.K., Wilhelmsen, H., 

Wang, L. and Haimberger, L. 2021. Continuous rise of the tropopause in the 

northern hemisphere over 1980-2020. Sci. Adv., 7: 1-9. 

https://doi/10.1126/sciadv.abi8065  

 

 

https://doi/10.1126/sciadv.abi8065


9. The ZTD of ground based GPS stations are retrieved from GAMIT software 

package. I suggest the authors provide the used strategy in the manuscript for 

getting ZWD from GAMIT’s ZTD. Theoretically, the in situ weather stations are 

necessary then you just can get precise ZWD from ZTD.  

Response: Thank you very much for your commons. 

We used ‘GPT3+ Saastamoinen’ model to correct the Zenith Hydrostatic Delay 

(ZHD), ZWD can then be obtained by removing ZHD from ZTD. 

 

10. I suggest the authors do the comparison with MODIS data for heat island topic.   

Response: Thank you very much for your suggestions. 

It is a valuable suggestion. The temperature obtained from MODIS data is usually 

the temperature at the earth's surface or the top floor of a building, while the 

temperature obtained from the GNSS tomography is the temperature at the 

elevation of the GNSS station. The spatial and temporal resolutions of the two 

products are not the same. Our next step is to unify the spatio-temporal resolution 

of the two products and compare them. 

 

11. I suggest that the authors put “tomography” in the title of manuscript 

Response: Thank you very much for your suggestions. The title of manuscript will 

be revised as “Monitoring Urban Heat Island Intensity based on GNSS tomography 

technique”. 


