Response to Reviewer's Comments

There is a long history of floating green macroalgae blooms in the Yellow Sea, which might be dated
back to the year of 1999 (Lline 130, the introduction is wrong). On the basis of optical and
microwave data of MODIS, Sentinel-1, the authors presented a weekly dataset of green tide
coverage in the Yellow Sea since 2008. With the consideration of the continuing occurrence of large
scale green tides in the Yellow Sea in recent years, the dataset in this paper would be helpful for
exploring the dynamics of the green tide as well as the causes. This paper may be published after
making some improments listed as below.

At Line 130, we revised the recorded timing of the macroalgae observations to: 'Satellite records of
the Yellow Sea green tide date back to 1999, with large-scale outbreaks being observed since 2008.'
The manuscript was subsequently modified and revised according to the reviewers' comments.

1. For the dataset, why the weekly one is important when the daily and monthly dataset are available
(Hu et al., 2023)? No biomass is presented or discussed in the paper, which is a drawback. Please
clarify these issues. And, the time series of maximum daily coverages and weekly coverages should
be presented in the results.

(a) Why the weekly product is important?

Due to cloud and rain interference, daily optical MODIS satellite records of green tide coverage
contain numerous missing values. The daily Sentinel-1 SAR satellite has a relatively slow return
cycle of 6 days, resulting in low observation frequency for daily green tide monitoring. The green
tide outbreak process is characterized by rapid changes over short periods. Therefore, daily optical
and SAR data cannot timely and accurately capture the outbreak process at a continuously high
frequency.

To address the limitations of daily data, Hu et al. (2023) proposed using monthly average green
tide coverage data. However, the Yellow Sea green tide occurs from early May to the end of August,
lasting about four months. Consequently, the monthly average data provides only one records per
month, totaling four records for the entire life cycle, which is insufficient to fully describe the
outbreak dynamics due to its low temporal resolution.

In response to the shortcomings of daily and monthly records, we proposed a weekly average
green tide coverage dataset. This dataset offers higher temporal resolution than monthly averages
and provides seamless and continuous coverage compared to daily data, making it more suitable for
studying green tide outbreaks.

To this end, we further emphasized the importance of weekly products in the Abstract and

Introduction sections.

(b) Biomass

The biomass of the green tide is calculated by multiplying the detected algae pixel coverage
area by a calibration constant derived from water tank and in situ experiments (as shown in formula
3 "T=Sxop"of Hu et al., 2019). Since biomass is linearly related to the green tide coverage area,
identifying algae pixels and measuring their coverage area are fundamental tasks. Consequently, the

dataset released in this paper is a green tide coverage dataset.

(c) Time series of maximum daily coverages and weekly coverages



The time series of maximum daily and weekly coverages is shown in Fig. 15 in Section 3.4.
Weekly coverage data is calculated from the daily coverages within a week, with the default being
the middle of each week. The results indicate that the weekly maximum positioned between the
daily maximum coverages observed by optical and SAR satellites, as shown in Fig. 15a.
Additionally, due to different revisit cycles and varying effective observation frequencies under
cloud and rain cover, the maximum coverage area of daily green tide observed by optical and SAR
satellites occurs at different times, as shown in the 2019 time series in Fig. 15b. By analyzing the
time of the first green tide observation and the maximum coverage area observed, we can predict
and evaluate the scale of the green tide outbreak for that year.
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Figure 15. (a) Time series of the maximum daily and weekly coverage area of the green tide from
2008 to 2022, and the numbers on the subfigure represent the corresponding observation date and
the week to which the fusion product belongs; (b) daily and weekly green algae coverage throughout
the entire life cycle in 2012 and 2019.
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2. For the growth model of green tide, the discussion seems to be misleading. As shown by Xing et
al., 2018, 2019, the maximum biomass (or coverage area) of green tide is not only regulated by the
initial biomass on the seaweed cultivation rafts but also mainly the lasting period in the
eutrophicated turbid waters of the Jiangsu shoal where the green macroalgae has a high daily growth
rate. The lasting period is regulated by the patterns of wind and sea surface current, for which [ am
not sure that the HY COM would provide the accurate data over the study area. The biomass of green
tide in 2023 give a good case on the growth model of green tide. The authors may check and revise
the relevant sections of this paper. I suggest to remove the section 3.5.

Although HYCOM environmental factor data have been used in some studies on the
mechanism of green tide outbreaks (e.g., Jin et al., 2018; Li et al., 2021a and 2021b), the quality of
HYCOM data in the shallow waters of the Yellow Sea requires further optimization and verification.
To avoid drawing potentially unreliable conclusions, we removed Section 3.5 and other related

paragraphs.

Jin, S., Liu, Y., Sun, C., Wei, X., Li, H., and Han, Z.: A study of the environmental factors influencing
the growth phases of Ulva prolifera in the southern Yellow Sea, China, Mar. Pollut. Bull., 135,
1016-1025, https://doi.org/10.1016/j.marpolbul.2018.08.035, 2018.

Li, D., Gao, Z., and Song, D.: Analysis of environmental factors affecting the large-scale long-term
sequence of green tide outbreaks in the Yellow Sea, Estuarine Coastal Shelf Sci., 260, 2021a.

Li, D., Gao, Z., and Xu, F.: Research on the dissipation of green tide and its influencing factors in
the Yellow Sea based on Google Earth Engine, Mar. Pollut. Bull., 172, 2021b.

3. The species of green tide is Ulva prolifera. Pelase correct the term.

The term "Enteromorpha" has been changed to "Ulva prolifera."

4. The overflying time of different sensors and the impacts on the results should be presented and
discussed.

We conducted a spatiotemporal analysis and discussion on the overflying times of MODIS and
SAR sensors and the corresponding green tide coverage results. This discussion is supplemented in
the manuscript;

(a) Figure 6 shows the green algae pixels detected by the MODIS and SAR sensors on the same
day. The distribution patterns of the green algae patches obtained by the two sensors are very
consistent. However, due to the higher resolution of SAR images, many tiny algae patches are
detected by the Sentinel-1 SAR sensor but not by the optical MODIS sensor. Additionally, since the
MODIS sensor has some underwater detection capability, while SAR can only observe algae patches
completely floating on the sea surface, the algae strips detected optically are wider. One of the
purposes and necessities of this study is to use the two sensors to complement each other and

generate a more accurate green tide coverage by fusing the daily algae coverage detected by both



optical and SAR sensors (see Section 2.4).
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Figure 6. Randomly selected algae distribution patterns observed by MODIS and SAR sensors on
the same day (June 23, 2019).

(b) Figure 7 shows the optical remote sensing images and green tide coverage results obtained
by MODIS Aqua and Terra sensors under cloudless conditions on June 23, 2019. Due to the different
overflying times of the Aqua and Terra sensors, one image was obtained in the morning (02:15 UTC
for Terra) and the other in the afternoon (5:30 UTC for Aqua), with a time interval of about 3 hours.
When the satellite sensors operate and observe the sea surface, the final quality of the optical images
obtained by the Aqua and Terra sensors varies due to different environmental factors such as sunglint,
atmospheric refraction, and solar inclination. Correspondingly, the size of the green tide coverage
area detected by the proposed deep learning model is different (e.g., 5795.40 km? vs. 4789.74 km?
on June 23, 2019). Similarly, SAR images exhibit this phenomenon compared to optical sensors. To
mitigate the impact of overflying time on the green tide detection results on the same day, averaging
the green tide coverage obtained by two or more sensors at different overflying times is a good
approach. This is also one of the advantages of the weekly product over daily green tide coverage
(see Section 2.4).
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Figure 7. Randomly selected observation images and extraction results of Aqua and Terra on the
same day (June 23, 2019).



(c) Due to interference and obstruction from clouds and rain and the different revisit periods,
effective observation frequencies of the two different satellites, optical MODIS and Sentinel-1 SAR,
vary, resulting in different area sizes and corresponding times for the maximum daily green tide
coverage obtained. Figure 8 shows a randomly selected example of the maximum daily green tide
coverage obtained by the two sensors, MODIS/(Aqua & Terra) and Sentinel-1 SAR, during the
green tide bloom in 2021. Weekly averaging eliminates the differences in maximum green tide
coverage caused by overflying time, which is another advantage of the weekly product over daily
data (see Section 2.4).
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Figure 8. The maximum daily green tide coverage obtained by the different sensors, MODIS/(Aqua
& Terra) and Sentinel-1 SAR.

(d) Figure 11 shows the statistical characteristics of green algae strips of different sizes. The
largest green algae strip has an area of >400 km?, while the smallest has an area of only 1 km?.
Satellites are often more capable of observing large green algae strips but less capable of detecting
smaller ones. However, small green algae strips are far more numerous. Therefore, by averaging
multiple observations over different overflying times, the differences in observations of smaller
strips can be mitigated to a certain extent. For example, Terra detected more small green algae
patches due to favorable observation conditions, while Aqua missed many small strips due to poor
observation quality. These differences over different overflying times can be partially overcome
through weekly averaging.
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Figure 11. Statistical analysis of green algae patch size derived from optical imagery.



5. The verification in the section of 3.2.1, is not useful, and may be removed.

The section 3.2.1 was removed.

6. Fig.13 subfigures should be presented with a same granule size.
Figure 13b (Figure 14b of the new manuscript) has been redrawn to match the granule sizes of

figures a and c.
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Figure 14. Green tide distribution hotspot map obtained from daily optical (a) and SAR (b) products,
and weekly products (c).



7. The abstract does not mention the discontinuity in the daily coverage data. The "continuity" of
the weekly data versus the daily data is a significant difference and should be emphasized.

We further revised the abstract to mention the discontinuity in the daily coverage data and
highlight the "continuous" and "seamless" nature of the weekly product. The abstract is as follows:

"Since 2008, the Yellow Sea has experienced a world's largest-scale marine disasters, known
as the green tide, marked by the rapid proliferation and accumulation of large floating algae.
Leveraging advanced artificial intelligence (Al) models, namely AlgaeNet and GANet, this study
comprehensively extracted and analyzed green tide occurrences using optical Moderate Resolution
Imaging Spectroradiometer (MODIS) images and microwave Sentinel-1 Synthetic Aperture Radar
(SAR) images._ However, due to the interference of clouds and rain, the daily green tide data

often have large gaps, resulting in discontinuity, which limits their use. Therefore, this study

presents a continuous and seamless weekly average green tide coverage dataset with the resolution
of 500 m, by integrating high precise daily optical and SAR data for each week during the green
tide breakout. The uncertainty assessment shows that this weekly product conforms to the life
pattern of green tide outbreaks and exhibits parabolic curve-like characteristics, with an low
uncertainty (R?=0.89 and RMSE=275 km?). This weekly dataset offers reliable long-term data
spanning 15 years, facilitating research in forecasting, climate change analysis, numerical
simulation and disaster prevention planning in the Yellow Sea. The dataset is accessible through the
Oceanographic Data Center, Chinese Academy of Sciences (CASODC), along with comprehensive
reuse instructions provided at http://dx.doi.org/10.12157/I0CAS.20240410.002 (Gao et al., 2024)."

8. Regarding GANet, what is the rationale for selecting specific GLCM features? Since GLCM
texture includes many features, which ones are most important for green tide detection?

Through ablation experiments, we found that Mean, ASM (angular second moment), and
Entropy—three texture features expressed by the gray-level co-occurrence matrix (GLCM) obtained
from SAR images—play a more critical role in the extraction of green tide. This is also partially
supported by the findings of Hall-Beyer, 2017 and Liu et al., 2015. These three SAR texture images

have been shared in the green tide dataset. The related statement has been added to the section 3.2.3.

Hall-Beyer., M.: Practical guidelines for choosing GLCM textures to use in landscape classification
tasks over a range of moderate spatial scales, Int. J. Remote Sens., 38, 5, 1312—-1338, 2017,
doi: 10.1080/01431161.2016.1278314

Liu, H., Guo, H., and Zhang, L.: SVM-based sea ice classification using textural features and
concentration from RADARSAT-2 dual-pol ScanSAR data, IEEE J. Sel. Topics Appl. Earth
Observ. Remote Sens., 8, 4, 1601-1613, 2015, doi:10.1109/jstars.2014.2365215.

9. Lines 49-50: The phrase "Unaffected by clouds and rain, ... by clouds and rain" is repeated and
should be revised.
The sentence was revised to "Unaffected by clouds and rain, SAR sensors operate under all-

weather conditions".

10. In Figure 2 on page 6, MODIS is mentioned for optical images. It is recommended to specify
Sentinel-1 SAR images when discussing SAR images.
The original Fig. 2 has been modified as follows:
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11. In line 226, the phrase "when feeding image slices into the AlageNet model" appears in a
paragraph discussing the GANet model. Please clarify the intended model. Based on the context, it
seems this should refer to the GANet model, not the AlageNet model.

Yes, this refers to the GANet model, not the AlgaeNet model. We have replaced AlgaeNet with
GANet.

12. The authors developed two models, AlgaeNet and GANet. Why not create a unified model to
identify green algae using both SAR and MODIS images?

The AlgaeNet model itself has the ability to detect green algae in both optical and SAR images
(Gao et al., 2022). However, based on the U-Net architecture, we added attention mechanisms,
sample imbalance loss functions, and texture feature enhancement information and further proposed
the GANet model. Compared with the AlgaeNet model, the proposed GANet model has higher
green algae extraction accuracy for SAR images (Guo et al., 2022). Therefore, this paper uses the
AlgaeNet model for optical images and the GANet model for SAR images.

We have made appropriate supplementary explanations in the manuscript, as shown in the
following passage: "It is worth noting that although the AlgaeNet model itself also has the ability to
detect green algae in SAR images (Gao et al., 2022), compared with the AlgaeNet model, the
proposed GANet model has higher green algae extraction accuracy with the help of some

improvement strategies, including texture feature enhancement information (Guo et al., 2022)."

13. Why is the image slice size for the AlgaeNet model 128x128 pixels, while for the GANet model
it is 256x256 pixels? Please clarify the reasoning behind these different dimensions.

Due to limited computer memory, it is usually necessary to slice satellite images when training
Al'models. The size of the slice is generally 2"x2" pixels. When the satellite image slice is large, the
Al model can more easily learn the overall features on a larger scale. Conversely, if the image slice
is small, this overall feature learning ability will be limited to a certain extent, affecting the Al
model's receptive field' for the image.

The resolution of MODIS images is 500 m, while the resampled SAR images have a resolution
of 30 m. For MODIS images, a 128-pixel slice corresponds to a ground area of (500 * 128 / 1000)"2
=4,096 km?. For SAR images, a 256-pixel slice corresponds to a ground area of (256 * 30 / 1000)"2
= 58.98 km?. The larger the ground area, the more change information the slice contains. This results
in a larger receptive field for the deep-learning model, allowing it to learn more universal
information. Through experiments, we found that 128%128 pixels for the AlgaeNet model and
256x256 pixels for the GANet model are very suitable settings. These two Al models can achieve



good feature learning ability and green algae extraction accuracy with these slice sizes.

14. In Table 2, why is the number of testing samples smaller for the new GANet model?
The number of testing samples, 267, is for the retrained GANet model applied to SAR images
with a 30m resolution; and the number of testing samples, 2124, is for the GANet model applied to

SAR images with a 10m resolution.

15. Is the comparison in Figure 11 meaningful? What is the difference between the two calculations
of weekly average coverage?

This is the same question as Question 5, and we have removed previous Figure 11 and Section
3.2.1 from new manuscript.

The first method is to count the number of pixels based on the distribution of green tide
coverage provided by the weekly product we released, and then directly calculate the average green
tide area for each week. The second method is to first count the area of daily green tide coverage
pixels for each day, and then average all daily areas within a week to get the weekly average green
tide area. The difference between the two methods is that the former (the weekly product we released)
provides both the coverage and distribution of green tides, as well as the green tide area for this
coverage, while the latter only provides the overall green tide area for each week (a specific number)
without indicating the actual distribution of green algae. To avoid ambiguity, we have removed
previous Figure 11 and Section 3.2.1 according to the suggestion from Comment 5.



