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Dear reviewer,

Thank you for the constructive and encouraging comments regarding our manuscript.
We have enclosed a carefully revised manuscript according to the comments and sug-
gestions provided. We also provide an item-by-item response to all comments.

Yours Sincerely, Zhilu Wu

Response to Reviewer

108-110 and Fig1. I am not sure if there is a point to include this information. Height
correction is simply necessary due to the characteristic of vertical distribution of water
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vapor and it is obvious that higher differences in elevation results in higher differences in
PWV. Response: Thank you for the suggestion. The height correction is necessary for
GNSS PWV because of the vertical distribution of water vapor. The correction method
we used may affect further validation, therefore it is necessary to briefly present the
efficiency/precision of this method. The information from Figure 1 is needed.

Line 252-253 “validation could still suffer from contaminated CMR data by the signal
on the land, long distance between GNSS station and footprint, and GNSS height, es-
pecially for data of higher precision” – I am quite confused here. Several lines above
it is show (on Figure 6) and pointed in the text, that distance up to 90 km has no
significant impact on the differences, as well as station height due to the proper correc-
tion conducted at the beginning of calculations. Therefore I am not sure what author
would like to say here. What kind of “long 9distance” is it (more than 90 km?). What
GNSS elevation is mentioned here as a source of error, since as it was written in line
244-246 “The right panel confirms that the PWV differences have no correlation with
station height, which means that the PWV height correction at ground-based GNSS
stations is effective”. Maybe it would be more clear if the Author would specify this
“data of higher precision”. Without specifying these information this paragraph is in
contradiction with what the Authors have wrote before. Response: Thank you for the
suggestion. In the line 252-253“validation could still suffer from contaminated CMR
data by the signal on the land, long distance between GNSS station and footprint, and
GNSS height, especially for data of higher precision”, the Figure 6 shows the land con-
tamination of satellite-borne PWV is corrected properly, and the reconstruction method
used in the paper shows no relation with the distance. In this figure, we show no sig-
nificant differences with the distance varying from 40 km to 90 km, which does not
mean that the differences are comparable to that of co-located points (e.g., less than
5 km ). The ground-based GNSS sites are still far away from the ocean with tens of
kilometers (minimum distance of 40 km), therefore the distance between sub-satellite
points and GNSS sites still exists. Since the characteristic of the horizontal distribution
of water vapor, this part of error can affect the comparison. On the other hand, Figure

C2



6 shows that the PWV differences between shipborne GNSS and HY-2A increase sig-
nificantly (from 0.89 mm to 1.53 mm) with the distance criteria increases from 50 km
to 100 km. As there is no land containment in the shipborne case, it indicates that the
PWV agreement is sensitive to the horizontal distance. In the case of ground-based
GNSS, however, we do not have so many observations within 50 km to the HY-2A
footprint, and we have to consider the coupled effects of potential land containment,
distance-induces bias, the model errors of height correction and reconstruction. We
have revised the line of 244: “. . . are free of land contamination. However, it should be
noted that in the left panel the distance is varying from 40 km to 90 km, thus this conclu-
sion does not indicate the case of distance less than 40 km. The right panel . . .” Also,
the vertical distribution of water vapor affect the comparison, the height correction is
processed before comparing ground-based GNSS PWV and satellite-borne PWV. We
revised “especially for data of higher precision” to “especially for higher accuracy of
validation based on GNSS”.

line 264 - “The RMS within 200 km, 150 km, 100 km, and 50 km are 2.89 mm, 1.78 mm,
1.53 mm, and 0.89 mm, respectively”. Here Authors underline that the distance has an
impact on the differences between HY-2A and shipborne GNSS. This is in contrast to
what they have written in line 242 – 243 “both the average value and STD of the PWV
differences between HY-2A and GNSS show no correlation with the averaged distance
ranging” (the mean RMS for ground-based GNSS was 2.67 mm). Of course, at this
point, we have larger distance (up to 200 km), but the RMS for distance 100 km is for
about 70% higher than for distance 50 km, while for similar distance during comparison
HY-2A to land GNSS (45 km to 90 km) it was ‘no correlation’. There is also no comment
about differences obtained for ground-based and shipborne GNSS. The mean RMS for
shipborne would be about 1.4 mm (Authors did not provide this value), which is two
times smaller than the mean RMS for ground base GNSS. In my opinion, this indicates
that procedure for PWV coastal reconstruction is not without errors. There is no ‘ideal’
way to reconstruct valid data, but this should be clearly pointed by the Authors. I would
appreciate if the Authors could provide some explanation about this. Response: Many
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thanks for the advice. In line 264 -“The RMS within 200 km, 150 km, 100 km, and
50 km are 2.89 mm, 1.78 mm, 1.53 mm, and 0.89 mm, respectively”, we discussed
the agreement between shipborne GNSS and HY-2A in different distance. While in
line 242–243“both the average value and STD of the PWV differences between HY-2A
and GNSS show no correlation with the averaged distance ranging”, we discussed the
mean value and STD of difference between ground-based GNSS and HY-2A after the
reconstruction, which mainly focuses on the evaluation of the reconstruction method.
When ground-based GNSS sites and sub-satellite points are closer, the HY-2A data are
more easily be contaminated. Therefore, when the distance is closer, the agreement
between ground-based GNSS and HY-2A might be getting worse. Figure 6 shows no
correlation between the agreement and the distance (varying from 40 km to 90 km),
which means the reconstruction method is effective in this distance region. Indeed
there is no ‘ideal’ method to reconstruct valid data. Thanks for your advice. We have
clearly pointed out this in the revised manuscript: “It should be pointed out that there is
no ‘ideal’ method to reconstruct the valid PWV data in the coastal region, but it is still
necessary to spare no efforts to investigate any useful method to derive ‘clean’ data for
inter-technique comparison and validation”

Line 267 “ The average bias is 0.32 mm, meaning that there is no obvious systematic
bias between HY-2A PWV and shipborne GNSS PWV.” In the case of ground-base
GNSS the mean bias was -0.03 mm. Since this value (-0.03mm) was expressed as
‘good agreement’, and 0.32 is also expressed as ‘no obvious bias’ where according to
the Authors is a threshold, after which we can talk about systematic bias? In addition,
the information about RMS w.r.t. the distance were provide – why there is no informa-
tion about bias w.r.t. distance? Response: Thanks a lot for your comments and we are
truly sorry for the misleading interpretation. The 0.22 mm PWV bias between HY-2A
and shipborne GNSS is indeed much larger the -0.03 mm bias between ground-based
GNSS and HY-2A. We have added new information about the bias w.r.t. the distance
in the revised manuscript after line 267: “When the distance is getting closer (from 200
km to 100 km), the mean bias between shipborne GNSS and HY-2A is getting closer
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to zero (varies from 0.22 mm to -0.01 mm). The average bias is -0.22 mm within 50
km, which might be caused by the limited sample number (49 crossovers).”

According to Figure 7, mean difference between HY-2A and GNSS is 0.22 mm, 0.20
mm, -0.01 mm and -0.30mm, for threshold distance equal to 200 km, 150 km, 100 km
an 50 km. Since ‘mean differences’ are simply biases, where the value of mean bias
equal to 0.32 come from? In addition from what Authors mention results that the biases
are not obvious and rather indicate high compliance between PWV from shipborne
GNSS and from HY-2A. In my opinion the bias is clearly positive and clearly negative
between the two extreme thresholds (50 km and 200 km). I do not see any comment
about that. This is strongly related to the Authors ‘threshold’ for significance bias, which
I mention before. Generally, the results for ground-based and shipborne GNSS should
be rewritten to avoid such misunderstandings as I mentioned above. Response: Thank
you so much for your advice again, we are truly sorry for the mistake. The mean bias
0.32 mm should be 0.22 mm for the distance of 200 km. In line 267, we revised the
manuscript accordingly: “The average bias is 0.22 mm for the distance of 200 km with
a much larger STD value (2.80 mm).” The mean bias in different distance changed
from positive to negative between the two extreme thresholds (50 km and 200 km), we
added the explanation after line 267 as mentioned in the last comment.

Section 5 is not conclusions section. Is rather a (very) short summary of obtained
results, without critical and interesting findings which are necessary in such section.
There is also no references to similar studies. After all, could Authors provide more ex-
planation about including shipborne GNSS in this paper. It is not clear why they decided
to analyze this data, since (from the selection of only coastal ground-based GNSS sta-
tions) the main activity of this study is rather related to the ‘problematic’ coastal area,
than to the clear oceans. Please add some information to the text. Response: Thank
you so much for the suggestion. We revised the manuscript accordingly: “Water va-
por over oceans is essential for both the altimeter correction and the understanding
of climate system and weather processes. Therefore, retrieving and validating HY-2A
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CMR PWV becomes critical. HY-2A PWV is mainly validated with NWM and other
satellites (Wang et al., 2014; Zhao et al., 2016). Liu et al. (2019) investigated the
agreement of shipborne GNSS and HY-2A CMR PWV, where more attention was paid
to the GNSS-PWV uncertainty. In this study, we focus on the HY-2A PWV evaluation
on a global scale validation with GNSS observations. The HY-2A PWV observations
in coastal regions were carefully checked and those suffer from land contamination
were reconstructed using PWV products from NWM. The PWV height correction was
applied to the ground-based GNSS stations to remove the height-related variations.
The result shows that HY-2A PWV agrees well with the ground-based GNSS PWV
with an RMS value of 2.67 mm with no obvious system bias. Besides, we compared
shipborne-GNSS-derived PWV and HY-2A PWV, which shows the difference of 1.53
mm in RMS within 100 km. The shipborne-GNSS reveals a better agreement than
the ground-based result, which because the residual error from the HY-2A reconstruc-
tion and ground-based GNSS PWV height correction, and the complex topography in
coastal regions could be another reason. Since HY-2A, after its operation for more
than seven years, is facing the problem of inaccurate CMR data, e.g., biased PWV and
ZWD caused by the aging of observation device. Although the agreement between
HY-2A and ground-based GNSS is relatively worse, the ground-based could provide
long-term observation globally with relatively high accuracy. With the supplement of
shipborne GNSS observations, the new validation method using GNSS observation
can play a critical role in the calibration of HY-2A CMR data, and improve the accuracy
of HY-2A data for both altimeter correction and meteorological study.”

We added the explanation of the reason to analyze shipborne GNSS after line 254:
“The coastal GNSS can be combined with shipborne kinematic GNSS, which can also
obtain high accuracy WTC (Wang et al. 2019), and shipborne GNSS observations
in open-sea regions provide an accurate and direct method for the satellite altimetry
comparison and validation, which is free of any land contamination or height correction
error. The shipborne GNSS observations could be a very good supplement for the
validation using GNSS observation and extend the method to open-sea. More than
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160,000 vessels are sailing across the ocean daily (https://www.marinetraffic.com), and
these data can also be used for calibration if the vessels are equipped with geodetic
GNSS receiver and antenna. ”

Wang, J., Zhang, J., Fan, C., and Wang, J.: Validation of the “HY-2” altimeter wet tro-
pospheric path delay correction based on radiosonde data, Acta Oceanologica Sinica,
33, 48-53, 2014. Wang J et al. (2019) Retrieving Precipitable Water Vapor From Ship-
borne Multi-GNSS Observations. Geophysical Research Letters, 46(9):5000–5008.
Zhao, J., Zhang, D., Wang, Z., and Li, Y.: The validation of HY-2A ACMR retrieval al-
gorithms and product, Geoscience and Remote Sensing Symposium (IGARSS), 2016
IEEE International, Beijing, China, 2016, 411-413, 2016. Liu, Liu, Y., Chen, G., and
Wu, Z.: Evaluation of HY-2A satellite-borne water vapor radiometer with shipborne
GPS and GLONASS 355 observations over the Indian Ocean, GPS Solutions, 23, 87,
https://doi.org/10.1007/s10291-019-0876-5, 2019.

Figure 1, Please avoid in legend such shortcuts as “With” and “Without”. The Figure
should be prepare in the way, which will make it possible for anyone to understand it
content, without referring to the text. Response: Thank you for the suggestion. We
revised Figure 1 as suggested.

Figure 4 has to be improved. The crossover time cannot overlap the crossover point,
especially when green and red colors are used, because it makes it difficult to read
them. The crossover time should not also overlap with the ship trajectory. Response:
Thank you for the suggestion. We revised Figure 4 as suggested.

Please also note the supplement to this comment:
https://www.atmos-meas-tech-discuss.net/amt-2019-503/amt-2019-503-AC1-
supplement.pdf
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Fig. 1. Figure 1
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Fig. 2. Figure 4
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