
Dear Referee #1, 

 

We really appreciate your precious time spent on carefully reviewing our paper titled “Retrieval of 

the precipitable water vapor from shipborne multi-GNSS measurements in tropical cyclone-prone 

regions of the Northwest Pacific during the summer season in 2021”. We revised our manuscript by 

considering your comments and reviews as much as possible. In this way, we believe, the quality of 

our manuscript improved significantly. 

In the following pages, your comments are shown in black while our replies are colored in blue, 

and corrections and new explanations are shown in italic and red. 

 

Sincerely yours, 

____________________________________________ 

D.-H. Sohn, B.-K. Choi, J. Hong, Y. Park, H. Jang, B.-I. Lee, and J.-K. Chung 

 

  



[Responses to Referee #1 - comments] --------------- 

Comment 0: The manuscript "Retrieval of the precipitable water vapor ..." submitted by Sohn et al. 

discusses GNSS-based water vapor estimates. While the paper is well written and the 

validations are reasonable, I have some major questions on the GNSS processing. 

Response: We really appreciate your precious time spent carefully reviewing our manuscript and 

your comments. 

 

Comment 1: (L.43) Please explain the "relatively insufficient" claim for GNSS observations "made 

in the ocean". 

Response: As the reviewer suggested, we have further clarified the 'relatively insufficient' for 

GNSS observations in the ocean. The corrected sentence is shown in the box below. 

(L.43) ~ ~ On the other hand, GNSS observations made in the ocean are relatively insufficient, 

making PWV observations challenging to achieve over the sea. GNSS observation data 

in the ocean is relatively scarce compared to those on land due to the difficulty of 

maintaining fixed stations in the marine environment. GNSS observations made in the 

ocean are making PWV observations challenging to achieve over the sea. In general, ~ 

~ 

 

Comment 2: (L.95) Please specify which AT1675 antenna was used. 

Response: We have explained further about the AT1675-7 antenna. Additional detailed sentences 

are shown in the box below. 

(L.96) ~ ~ an Aeroantenna Technology Inc. AT1675-7 antenna. The receiver offers 440 channels 

to track GPS, GLONASS, Galileo, and BeiDou constellations. The antenna is a high-

performance, dual-frequency GNSS antenna designed for precision applications. It can 

acquire ~ ~ 

 

Comment 3: (L.111) For PPP, you "introduce" orbit, clock, and ERP products. If estimating 

something, you need to explain this explicitly. 

Response: We sincerely appreciate your comment. In this work, data processing for PPP was 

performed using a post-processing method. We have revised the sentences to more 

clearly explain orbit, clock, and ERP corrections to help the reader understand. 

(L.113) ~ ~  The GNSS satellite orbits, clocks and Earth rotation parameters are determined by 

the IGS final products. The German research centre for geosciences (GFZ) rapid 

products are employed to estimate precise ship positioning and tropospheric zenith 

total delay (ZTD). These products include precise orbits and clock corrections for 

GPS, GLONASS, Galileo, BeiDou, and QZSS satellites. ~ ~ 

(L.121) ~ ~ Precise satellite orbit and clock products, and Earth rotation parameters are 

obtained from the GFZ analysis center. ~ ~ ~ 

 



 

Comment 4: (L.114) Skip equation 1 and the associated text; this is commonly known. 

Response: Following the reviewer’s suggestion, we have removed equation (1) and revised the 

sentences related to the ionosphere. 

(L.126) ~ ~ The ionosphere is the largest source of error in GNSS signal propagation. 

Ionospheric error is eliminated by the ionosphere-free linear combination of dual-

frequency carrier-phase and code observations. ~ ~ 

 

Comment 5: (L.126) Skip the Saastamoinen equation; this is commonly known and can be 

referenced. 

Response: As the reviewer suggested, we have deleted equation (2) and revised the sentences 

related to the tropospheric delay. 

(L.115) ~ ~ In the PPP processing, the tropospheric ZTD is estimated as an unknown parameter. 

For ZTD calculation, the Saastamoinen model (Saastamoinen, 1973) with global 

pressure and temperature 2 (GPT2) (Lagler et al., 2013) is employed as a prior value. 

In addition, the global mapping function (GMF) (Boehm et al., 2006) is used for 

tropospheric mapping. ~ ~ 

 

Comment 6: (Table 1) You claim that GPS, GLONASS, Galileo, and BeiDou were used in PPP 

based on the IGS final products. This is not possible, first BeiDou is not contained in 

any final IGS products at the level of the analysis centers (except MGEX solutions) and 

the IGS final product refers to the combined product series which contain GPS (and 

GLONASS in a secondary product). Please clarify which products were used and 

provide proper citations for them. Please provide the week number for the used 

igs14.atx file (please explain which antex values were used for Galileo and BeiDou). 

Please check which components of the IERS Conventions were applied for your ship-

based processing and update the Table. The receiver clock is usually estimated epoch-

wise. Please provide the intervals for tropospheric delays. This is crucial and has to be 

stated prominently. 

Response: We sincerely appreciate your comment. We have made a mistake in using the 

products. The term ‘IGS final products’ was changed to ‘GFZ rapid products’. And the 

week number used was clarified in the table, and the related contents are described in 

the sentences. The receiver clock offset estimation and the time interval for 

tropospheric delay are described in the text. Furthermore, the tide-related issues on the 

IERS conventions you commented on have been removed to avoid confusion. As the 

reviewer suggested, we have revised the table and the relevant sentences as many as 

possible in section 2.2. 



(L.119) ~ ~ The methods and models used in the PPP processing are summarized in Table 1. For 

kinematic PPP, we used dual-frequency observations from GPS (L1/L2), GLONASS 

(L1/L2), Galileo (E1/E5a), and BeiDou (B1/B2). ~ ~ 

(L.120) ~ ~ The observation sampling interval is set to 30 s. Furthermore, the precise position 

and tropospheric ZTD values are estimated every 5 minutes. ~ ~ 

(L.121) ~~ Precise satellite orbit and clock products, and Earth rotation parameters are obtained 

from the GFZ analysis center. Both satellite and receiver antenna phase center offsets 

(PCO) and phase center variations (PCV) are corrected using the absolute IGS 

antenna correction file (igs14_2188.atx). ~~ 

(L.124) ~ ~ The receiver clock offset is estimated as a stochastic parameter using a Gauss-

Markov process. Phase wind-up effects are corrected with the method proposed by Wu 

et al. (1993). ~ ~ 

(L.130) Table 1. Models and methods for multi-GNSS kinematic PPP processing 

Item Models and Methods 

GNSS Signals GPS (L1, L2), GLONASS (L1, L2), Galileo (E1, E5a), BeiDou (B1, B2) 

Sampling rate 30 sec 

Elevation cufoff 10° 

Satellite orbit and clock IGS final products GFZ rapid products 

Earth rotation parameters IGS final products GFZ rapid products 

Solid Earth tide 

Ocean tide 

Pole tide 

IERS conventions 2010 

Satellite PCO/PCV IGS14.atx igs14_2188.atx 

Receiver PCO/PCV IGS14.atx igs14_2188.atx 

Receiver clock Estimated by the Gauss-Markov model 

Phase wind-up Wu et al. (1993) & nominal yaw-steering mode 

Ionospheric delay Eliminated by the ionosphere-free linear combination 

Tropospheric delay Estimated with zenith wet delay, tropospheric gradient component 

Tropospheric mapping function Global mapping function GMF 

Meteorological information GPT2 model GPT2 

Ambiguity Float solutions 
 

 

Comment 7: (L.148) Please consider a kinematic coordinate time series + a comparison against a 

tide gauge if possible to validate the PPP. 

Response: We thank you for your comment. As the reviewer suggested, we compared height 

variations measured from shipborne GNSS with those from a tide gauge located 

approximately 7 kilometers away. The related content has been revised as follows: 

(L.148) ~ ~ at anchor. In addition, a comparison of height variation using shipborne GNSS and a 

tide gauge operated by the Korea Hydrographic and Oceanographic Agency is also 



performed to validate the PPP method. Figure 2a shows the distribution of the 

anchored R/V ISABU, two nearby GNSS ground stations, and a tide station. The 

separation ~ ~ 

(L.151) ~ ~ 34 km, respectively. And the distance from the tide gauge is 7 km. The shipborne and 

ground-based GNSS data and tide gauge data are used from DOY 209 ~ ~ 

(L.154) ~ ~ Figure 2b shows the variation in height of the vessel’s GNSS and tide gauge due to 

the sea level change over two days. The range of height variation for both 

measurements is 1.1–1.4 meters. The change patterns are also similar. Figure 2c 

presents ~ ~ 

(L.165) Figure 2. ~ ~ ISABU, and a tide station. (b) Height variation from the vessel’s GNSS and 

tide gauge. (c) The time ~ ~ 

 

 
Figure 2(b) 

 

Comment 8: (L.153) The land-based GNSS station are far away, water vapor could be very 

different over 30km. I guess these two days showed very stable weather conditions. 

Response: We appreciate your comment. We agree with you that water vapor could be different 

over 30 km distance away. The accuracy of PWV decays with distance. That is, as 

spatial correlation decreases, data variability increases, and the standard deviation also 

increases (Meunram and Satirapod, 2019). Meunram and Satirapod showed that the 

average standard deviation of PWV was approximately 2.2 mm when the distance 

between stations in the Thai region was set from 1 km to 20 km. However, although the 

distance between the ground GNSS stations and the vessel is over 30 km, the 

atmospheric conditions between the two different points are stable, so this is unlikely to 

significant effect on the PWV comparison. We added the relevant details in the 

manuscript as follows: 

(L.159) ~ ~ exhibiting a mean difference of 0.6–1.8 mm and an RMS of 2.1–2.9 mm. Meunram 

and Satirapod (2019) reported that as spatial correlation decreases, PWV variability 

increases and the standard deviation also increases. Their result showed that the 

average standard deviation of PWV was approximately 2.2 mm when the distance 

between stations in the Thai region was set to within 20 km. A slight difference can be 

attributed mainly to temperature and humidity differences, as well as the geographical 

location of the two regions (Rahman et al., 2025). ~ ~ 

(L.479) ~~ Meunram, P., and Satirapod, C.: Spatial variation of precipitable water vapor 

derived from GNSS CORS in Thailand, Geodesy and Geodynamics, 10, 140–145, 

doi:10.1016/j.geog.2019.01.003, 2019. ~~ 

 



Comment 9: (Figure 4) What is the sampling rate of these PVW estimates? 

Response: As explained earlier, the tropospheric delays are estimated every 5 minutes. We have 

revised the relevant sentences as shown in the box below. 

(L.121) ~ ~ Furthermore, the precise position and tropospheric ZTD values are estimated every 5 

minutes. ~ ~ 

(L.178) ~ ~ The time series of shipborne GNSS PWV time series estimated at 5-minute intervals 

is shown in Fig. 4, as well as the frequency of PWV bins. ~ ~ 

 

Comment 10: (L.25) Please name the variables. 

Response: Following the reviewer’s suggestion, we have changed the word ‘two variables’ to 

‘GNSS PWV and radiosonde PWV’. 

(L.25) ~ ~ In addition, the two variables GNSS PWV and radiosonde PWV exhibit ~ ~ 

 

Comment 11: (L.40) There are also other initiatives to derive the best possible water vapor products 

(e.g., EGVAP). 

Response: We agree with you. However, in this paragraph, we emphasize the limitations of 

monitoring the entire planet using only GNSS observations. We have revised the 

sentence for clarity. 

(L.40) ~ ~ However, there are limitations to monitoring global the overall variation in PWV 

variation on Earth using only ground-based continuous operating reference GNSS 

stations on land. ~ ~ 

 

----------------------------------------------------------------------------- 

We hope the revised manuscript will better meet the requirements of your journal for publication. I 

really appreciate your comments, which improved the quality of our manuscript tremendously.  

 

Sincerely yours, 

 

Dong-Hyo Sohn, Ph.D. 

Space Science Division, Korea Astronomy and Space Science Institute 

776, Daedeokdae-ro, Yuseong-gu, Daejeon 34055, Republic of Korea 

Tel: +82-42-869-5921, Fax: +82-42-865-3358, E-mail: dhsohn5@gmail.com 


