
The paper by Pengfei Xia et al. is very interesting, but has also very serious 

shortcomings in the first part (page 1-5).  

 

The methodology section MUST be rewritten IN DEPTH. Basically: 

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. 

 

- The correct mathematical setting of eq.1 is that of the so-called Radon transform. 

Please have a look at the literature on this tranform (for example X-ray imaging) and 

mention some theoretical references. 

Response: Thank you very much for your valuable comments and suggestions.  

Eq.1 has been applied to GNSS meteorology for more than two decades, and we have 

referred to these literatures (Flores et al., 2000; Troller et al., 2002; Emardson and Webb, 

2002; Champollion et al., 2005; Chen and Liu et al., 2014；Dong et al., 2018; Zhang 

et al., 2020, 2021). Thank you very much for your suggestion, We will do in-depth 

research on this equation in the future. 
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- the decay with respect to altitude of temperature (linear) and water vapor contents 

(exponential) is not always true. 

Response: Thank you very much for your commons. 

It is actually that the decay with respect to altitude of temperature (linear) and water 

vapor contents (exponential) is not always true.  

According to the statistical value of radiosonde from 2015 to 2020, the proportions of 

the decay with respect to altitude of temperature (linear) and water vapor pressure 

(exponential) from surface to 600 m are 57.3% and 66.2%, respectively. 

 

inversion layers are common,as noted by the authirs themselves...but later in the paper.  

Response: Thank you very much for your commons. 

Our main purpose is to obtain the wet refractivity from the surface to 600m elevation 

based on GNSS tomography method. Although GNSS tomography fails to accurately 

represent the "inversion layer", the wet refractivity accuracy obtained by the optimized 

tomography technique is higher than that of the conventional tomography technique. 

 

- even more important, and I would say a major flaw in the method is that its robustness 

with respect to small variations  

Response: Thank you very much for your commons. 

 

in the beta coefficient (eq. 7) and a and b (eq. 8) is not addressed. This MUST be 



discussed and robustness established. 

Response: Thank you very much for your commons. 

𝛽, a and b are the experience value that can be determined using radiosonde products. 

The main purpose of this manuscript is to demonstrate whether the urban heat island 

intensity can be monitored based on GNSS tomography method. In order to strictly 

controlled the entire algorithmic flow, then we will try to separate the atmospheric 

temperature from the wet refractivity using the variational analysis method in the future. 

 

- The use of a "Kalman filtering" as a magic word to invert SWD values as Nw values. 

Kalman filtering is just another word for a least-squares process. In this particular case, 

the authors are technically doing a least-squares linear inverse problem. I urge them to 

have a look at the fundamental papers by Tarantola and Valette around 1980, that can 

be easily found, and especially the paper "inverse problems = Quest for information". 

Response: Thank you very much for your commons. 

In the tomographic approach, the observation equation is ill-conditioned as satellite 

signals do not pass through all voxels, causing the non-uniqueness of the tomography 

solutions. In order to solve this issue, a variety of reconstruction algorithms have been 

developed. They may be generally grouped into two categories. One is the iterative 

reconstruction technique (IRT) such as the algebraic reconstruction techniques (ART) 

(Wen et al., 2010; Bender et al., 2011), the multiplicative algebraic reconstruction 

techniques (MART) (Stolle et al., 2006; Jin et al., 2008) and the simultaneous iterative 

reconstruction techniques (SIRT) (Liu et al., 2010). Another is the non-iterative 

reconstruction technique (NIRT) such as the singular value decomposition technique 

(SVD) (Flores et al., 2000; Champollion et al., 2005; Notarpietro et al., 2011). In 

addition, the Kalman filtering (Nilsson andGradinarsky, 2006). So far, it is a very 

common method to solve GNSS tomography using ‘Kalman filtering’(Dong et al., 2018; 

Ding et al., 2018; Zhao et al., 2020), so we did not describe in detail how to solve the 

tomographic equation using ‘Kalman filtering’ in the manuscript. 
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By the way (for the authors), are you doing a linearization of the inversion problem 

around eqs. 5 and 7? How do you weight a priori information, if any? Please add the 

relevant equations and do not stay in the vague of "Kalman filtering". 

Response: Thank you very much for your commons. 

After obtaining the wet refractivity profile based on the GNSS tomography method, the 

temperature was estimated by the optimal search method using eqations (6), (7) and (8). 



The fifth-generation reanalysis model (ERA5) could provide temperature and water 

vapor partial pressure, which were selected as the initial values in this study. The flow 

chart of data processing is as follows: 

 

 

Minor points: 

- please add contouring of the topography in Figure 1. 

Response: Thank you very much for your commons. Figure 1 has added the contouring 

of the topography. 



 

- please describe in a few sentences what is GNSS RO. Are you using COSMIC-2 data? 

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 

 

At this point, my recommendation is to reject and resubmit once these major issues 

have been fixed, or at minimum major revision, to be sure that the second part of the 

paper is reliable. 



Response: Thank you very much for your commons. 

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. 


