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First of all, we thank the reviewer for the valuable comments that have significantly
improved the clarity and highlighted important points of the paper

Major comments:

Comment 01. | think the manuscript needs an extensive and thorough reorganisation to
improve the presentation of the authors’ idea.

Reply: In the revision, we re-organized our manuscript by removing the parts that give
similar information to other parts, adding more information to clarify our idea in
paragraphs that are not clear, and changing some sentence positions to make the manuscript
suitable, as suggested.

Comment 02. The motivation of the sensitivity study on the role of local terrain on the
D18 event is unclear as the role of local terrain in heavy rainfall in central Vietnam seems
to be well understood (Lines 76-79; 83-85).

Reply: Many previous studies showed that the local topography plays an important role in
the formation of heavy rainfall events in central Vietnam although the local mountains are
not really height (< 3000 m). Besides, analyses of the thermodynamics of this event also
indicate that the local topography plays an important role in this event due to its barrier
effect. Furthermore, these tests can also help clarify the reason why the heaviest rainfall
was along the coast and not over the mountain slopes in D18. Hence, we executed these
two experiments to verify it as well as to see how the rainfall was distributed without the
terrain. The result of these two experiments showed the important role of local terrain in
the formation and distribution of rainfall in this event. We will add more information as



well as describe more detail to highlight our motivation for the sensitivity study on the role
of local terrain in the D18 event.

Comment 03. The motivation of using CReSS is not well presented in the introduction.
Yet, the motivation of using CReSS can be found in later sections (Lines 171-172; 480-
482).

Reply: In the revision, we rearranged our manuscript by moving lines 171-172 to the
“introduction” part and added more information to make it more clearly as follows:

“In recent decades, the Cloud-Resolving Storm Simulator (CReSS) has been widely
known due to its good performance in quantitative precipitation forecasts. This model has
been applied to study tropical cyclones, heavy to extreme rainfall events, and many other
convective systems in Japan and Taiwan (e.g., Ohigashi and Tsuboki, 2007; Yamada et
al., 2007; Akter and Tsuboki, 2010, 2012; Wang et al., 2015). Furthermore, the CReSS
model has been used to perform routine high-resolution forecasts at the National Taiwan
Normal University (NTNU) and provided to the TTFRI as a forecast member since 2010.
Hence, this study employed the CReSS model to simulate the D18 event and evaluated its
performance.”

Comment 04. In the conclusion, the authors stated that “according to previous studies,
the heavy and extreme rainfall events are usually due to the multi-interaction between the
northeasterly wind and preexisting tropical disturbance over the SCS and local
topography or tropical cyclone or impacts by ENSO or MJO. However, these factors
have not appeared during the D18 event”. I found this conclusion quite problematic:

o Although it should be obvious that the D18 event was not related to
preexisting tropical disturbance/cyclones (see Figures in Supplement),
the authors should have pointed this out in the analysis.

o The potential impact of ENSO and/or MJO on the D18 event was not
analysed in this study, thus I am not sure how the authors drew such a
conclusion.

Reply: You are right. We will add the following analysis about these factors in the
revision to clarify it as your suggestion.

Regarding tropical disturbance/cyclones:

“Figure 4 and the figures in the Supplement also indicate that no tropical cyclone existed
during the D18 event. Therefore, tropical cyclones or the combined effect of cold surges
originating from northern China and tropical depressions that have been mentioned as



one of the patterns that cause heavy rainfall in central Vietnam is not the mechanism of
the D18 event”. This analysis will be added into Line 229

Regarding the potential impact of ENSO and/or MJO on the D18 event:

“Besides investigating the synoptic-scale atmospheric conditions above, this study also
verifies the impact of intraseasonal oscillations in the tropical atmosphere on the D18
event. To be more specific, figure 8a reveals that the MJO in Western Pacific was not
active in early December 2018 as well as during the D18 event. Figure 8b indicates that
the last three months of 2018 are a fairly weak El Nifio phase. In addition, previous
studies showed that central Vietnam had less rainfall in the El Nifio years. Therefore,
MJO and ENSO are not the cause and have no impact on the D18 event
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Figure 8. (a) The Madden-Julian Oscillation (MJO) location and the strength through 8
different areas along the equator around the globe. Labelled dots for each day. Red line is
for October, Green line is for November, Blue line is for December. Source:
Commonwealth of Australia 2019, Bureau of Meteorology. (b) The Oceanic Nifio Index
(ONI) of the Nifio 3.4 region (5° N-5° S, 120°-170° W) for 2018”.

This information will be added right after Line 353.
Comment 05. I think the authors could have compared the cause of extreme rainfall events,

which are not related to tropical distributions/cyclones, and the cause of the D18 event.
This can truly pin down the key factors that led to the D18 event.

Reply: This is a good suggestion. We will do our best to compare D18 event with non-TC
related events in the past to identify the key differences in the revision, as suggested.



Comment 06. Some analyses appear to be irrelevant to the overall objectives of this study.
For example, the use of TRMM and related analysis could be excluded from this study.

Reply: Due to the limitation of the observation station network, we only have the
observation stations inland. Therefore, we used the satellite data to support our analysis of
the distribution of the main rainfall over the coastal sea, as shown in the figure. 1e and fig.
1d. In the revision, we will add more information to clarify the purpose of using TRMM
data.

Comment 07. Some sections appear to be repetitive, for example, Section 3.2 and part of
Section 3.3 give very similar information.

Reply: In section 3.2, we computed and analysed the three days average atmospheric
conditions. This allows us to see the main factors that govern the weather condition in the
study area during the D18 event. In section 3.3, we analyse the thermodynamics of every
single day to see how thermodynamics evolves day by day. This can help us understand
why the rainfall and its spatial distribution are very different day by day. However, because
the rainfall and its distribution are very different day by day. Therefore, we have decided
to remove subsection 3.2 to avoid repetition, as suggested.

Minor comments:

Lines 12-13: Remove “and its simulation ... is evaluated.”

Reply: You are right. This mentioned part seems to give very similar information to the
sentence located on lines 16-17. So, this part was deleted.

Line 15: what “easterly wind” is the author referring to? What region of “high sea surface
temperature” is the author referring to?

Reply: Easterly wind refers to the low-level winds that blow from the east-to-west
prevailing direction and originate from the northwest pacific. It can be seen clearly in Fig.
4b. The high sea surface temperature region refers to a part of the Northwest Pacific Ocean
and South China Sea where the sea surface temperature is higher than 27° C.

Based on your confusion, we added more information to each factor to make it more clearly
as follows: “easterly wind” to “low-level easterly wind blow to central Vietnam from the
northwest pacific ocean” and “high sea surface temperature” to “high sea surface
temperature over North West Pacific ocean and South China Sea.”



Lines 17-18: This statement is too general, perhaps add some details of the results.

Reply: You are right. We re-written the sentence and added more specific information as
follow: “The cloud-resolving model can simulate the extreme rainfall event both in
quantitative rainfall and its spatial distribution, however with some location errors in peak
amounts”.

Line 34: Remove “at high resolution”.

Reply: We think that “high resolution” is remarkable information. So we replaced “at high
resolution” by “at a grid size of 2.5 km” to keep the relevant information. The new sentence
will be “The Cloud-Resolving Storm Simulator (CReSS) was employed to simulate this
record- breaking event at a grid size of 2.5 km, and the overall rainfall ...”.

Lines 38-40: | think the author forgot to mention a key finding here as the spatial
distribution of the rainfall is also different in the NTRN experiment.

Reply: You are right. We had updated the information in the new sentence: “In the
sensitivity test without the terrain, the model not only did not generate nearly as much
rainfall for this event but also did not capture the spatial distribution of the rainfall”.

Line 44: | suppose the words "disasters” and "hazards" have the same meaning in this
manuscript. It might be a good idea to stick with one of them for consistency.

Reply: We agree with you. We had decided to use the word “disasters” for consistency.

Lines 54-55: Change “... according to climate change and sea-level rise scenarios for
Vietnam...” to “... according to a publication by the Ministry of Natural Resources and
Environment of Vietnam (Tran et al. 2016) ...”

Reply: This is a good suggestion. We had changed ... according to climate change and
sea-level rise scenarios for Vietnam...” to “according to a publication by the Ministry of
Natural Resources and Environment of Vietnam (Tran et al. 2016) regarding climate
change and sea-level rise scenarios, extreme rainfall events will increase in both their
frequency and intensity in the future”.

Figure 2: This figure could be merged with Figure 1.



Reply: Thanks for your suggestion, we had merged Figure 2 with Figure 1 and make new

Figure 1 as follow, as your suggestion.
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Figure 1. (a) observed 24 h accumulated rainfall (mm, color dots, 1200 — 1200 UTC) and
topography (m, shaded) for 9 Dec. Vertical colorbar for rainfall, and horizontal colorbar
for topography. (b) As in (a), but for 10 Dec. (c) As in (a), but for 11 Dec. (d) As in (a),
but for 72 h accumulated rainfall during 1200 UTC 8-1200 UTC 11 Dec. (e) 72 h
accumulated rainfall obtained by TRMM estimate. The pink dot marks the location of Da
Nang station. (f) Mean annual rainfall distribution (mm) in Vietnam from 1980 to 2010,
obtained from the Vietnam Gridded Precipitation (VnGP) data, and the study area of

central Vietnam (red box).

Lines 72-75: This paragraph should be merged with the next paragraph.
Reply: Corrected.

Lines 72-85: This should appear before the paragraph starting in line 58. the description of
the local topography (lines 62-64) should be included in this paragraph.

Reply: Thanks for your suggestion. We will make changes in the revision, as suggested.



Lines 86-102: Currently this paragraph is disjointed from the previous paragraphs. The
authors can add a sentence to connect this paragraph with the previous paragraphs.

Reply: You are right. We used the linking word “Furthermore” to connect these two
paragraphs.

Lines 104-106: The authors would need to offer more evidence to support these statements.
One idea is to plot the time series of annual maximum 72-h accumulated rainfall from
1980-2018 (depending on the available data) and highlight the maximum 72-h accumulated
rainfall of the D18 event.

Reply: Thank you for your suggestion. In the revision, we cited a statement of Dr Lam -
Deputy Director of the National Center for Hydro-Meteorological Forecasting that is
“however, according to Dr. Hoang Phuc Lam — National Center for Hydro-Meteorological
Forecasting, it can be said that this extreme event has never happened in the past because
the observed rainfall at some places in the Central region has surpassed the record
according to the statistics of rainfall at the end of the main rainy season (Communist Party
of Vietnam Online Newspaper)”, as suggested.

Line 108: At this point, I am not sure why local terrain is an interesting factor to investigate.
As the authors have pointed out, many factors including the local topography can cause
heavy rainfall in central Vietnam (Lines 76-79). Perhaps there is a very good reason behind
it, but it is not well communicated at this point.

Reply: Although the local topography is just one of many factors that can cause heavy
rainfall in central Vietnam. However, the local topography usually plays an important role
in unusually rainfall events that occur in the main rainy season (from late fall to early
winter). The reason is that central Vietnam is strongly affected by low-level northeasterly
winds that originate from northern China, and low-level easterly winds blow from the
Northwest Pacific Ocean. Therefore, when these winds blow to central Vietnam, they will
be prevented there due to the local topography. This can be seen in fig 7b. Hence, we would
like to investigate whether the local topography contributes to the D18 event as it usually
does in previous heavy rainfall events. We will clarify this point in the revision.

Line 109: Remove “or high-resolution”.

Reply: Removed.



Line 119: Change “This dataset is ...” to “The NCEP GDAS/FNL Global Gridded
Analyses and Forecasts is ...”.

Reply: Changed.

Lines 128-129: Why ERADS is used for this purpose instead of NCEP GDAS/FNL?
Conversely, why ERAS is not used as IC/BCs for the CRM simulation?

Reply:
Regarding why ERADS is used for this purpose instead of NCEP GDAS/FNL

In fact, both ERAS5 and NCEP GDAS/FNL can serve our study. Therefore, when we start
the study, we choose an independent dataset (ERAS) to delineate the synoptic weather
patterns during the D18 event.

Regarding why ERAS is not used as IC/BCs for the CRM simulation:

Actually, we had a CRM simulation using the ERA5. However, the result is not good as
the CRM simulation using NCEP GDAS/FNL data as IC/BCs. Therefore, we have chosen
the simulated results using NCEP GDAS/FNL data as IC/BCs to present in our manuscript.
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Lines 141-146: Why TRMM is used? What is the added value of using this dataset in this
study?



Reply: Due to the limitation of the observation station network, we only have the
observation stations inland. Therefore, we used the satellite data to see rainfall distribution
over the coastal sea, as shown in the figure. 1le and fig. 1d.

Line 172: The meaning of “large computers” is not clear.

Reply: You are right. We had changed this word to “parallel computers”

Table 1: Not sure about the meaning of “Real” for the data source of topography input.
Reply: To avoid confusion, we had changed “Real” to “Digital elevation model”

Line 193: Remove “=".

Reply: Removed.

Line 197: Change “correct negative” to “true negative” or “correct rejection”.

Reply: Changed.

Line 199: Remove “(where CN is not used)”.

Reply: Removed.

Table 2: The definition of the “worst score” for BS is not very clear. Based on the
formulation of BS, BS =0 if FA =0 and H = 0, i.e. the model always predictor negative.
In a way, the worst-case scenario could be H = 0 and FA = All Negative, i.e. the model is
predicting the opposite result 100% of the time, i.e. BS = FA/M but this is not equal to N.

Reply: Based on the Bias Score formula (BS) =(H+FA)/(H+M). It can be seen that the
worst BS is FA/M, and its worst possible value for over-prediction is M = 1 (minimum)
and FA = N —1 (maximum), so that BS = N — 1, as your pointed out. In the manuscript, we
wrote BS = N as a close approximation to that (if N is large). However, to better clarify, in
the revision, we had changed the “worst score” from “0 or N” to “0O or N — 17,

Lines 211-212: “As introduced earlier, ... central Vietnam.” This sentence seems to be
redundant.

Reply: We used this sentence to start our description of the D18 event more smoothly.
However, | removed this sentence based on your comment.



Line 215: The term “windward side” might be a bit confusing as the wind field is only
shown in Figure 4. Perhaps change it to eastern (or north-eastern) side?

Reply: Changed to “eastern side”.
Line 216: It might be useful to indicate the Quang Nam province in Figure 1.

Reply: After merging the Figure 2 with the figure 1a. We had indicated the Quang Nam
province in Figure 1a. It can be seen in the reply to minor comment #Figure 2 above.

Line 221: “In this subsection, ... are analyzed.” This sentence seems to be redundant.
Reply: We agree with you, we had removed this sentence.

Lines 221-283: | think this part can be streamlined in a more concise manner.

Reply: This part is also checked and improved in fluency, as suggested.

Line 290: Perhaps rename the subtitle as “The local thermodynamic conditions prior the
D18 event”

Reply: After we re-organized our manuscript structure, we removed subsection 3.2, and
now line 290 (or subsection 3.3) was named “Synoptic conditions”.

Line 291: Remove the sentence “In this part, the ... analyzed.”
Reply: Removed.

Line 325: “atmospheric™?

Reply: We “corrected” it to atmosphere.

Figures 9, 10, 11: It might be better to merge all the graphs together and to remove the (a)
panels as they more or less carry the same information as the (b) panels. The resultant 3x3
panel plot would be a better presentation to the evolution of the environment of each day.
Readers would find it easier to understand the changes.

Reply: Thanks for your suggestion. We will make changes in the revision, as suggested.

Figure 12: The date convention is not consistent with the earlier Figures, e.g. Figure 1.



Reply: Corrected.

Line 389: Is the difference in prevailing surface winds between CTRL and OBS linked to
the use of two different data sets (NCEP GDAS/FNL for CTRL and ERAS for OBS)?

Reply: Sorry for making you confused about it. We made it consistent with the simulated
results by using NCEP GDAS/FNL surface winds for OBS.

Lines 423-442, Figure 14: | am not sure about the added value of this part. It seems to be
repeating the previous section.

Reply: This part evaluates the model’s performance in the total 3-day rainfall over the
entire event, since each day had somewhat different rainfall characteristics. To be more
specific, the rainfall and its spatial distribution as well as between the CTRL and NTRN
experiments are very different day by day. Therefore, the model will present different skills
on a specific day as well as a specific experiment. Furthermore, when we consider the three
days of the D18 event as a whole. The rainfall will be larger, and its spatial distribution
also closer to reality. Therefore, when considering the D18 as a whole, we can see the
model's predictability at higher rainfall thresholds.

Line 470: | think the authors downplay the impact of displacement errors in their
simulations. These errors would have significant impact from the disaster risk reduction
perspective. In a way, being able to correctly forecast the location of extreme rainfall
occurrence is as important, if not more important, as being able to forecast the amount of
extreme rainfall.

Reply: We agree with you. we will point out this the deficiency of the model in heavy
rainfall location more detail in the revision. However, as we know, it is almost impossible
to simulation deep convection (stochastic in nature) at the right location, and the model is
not perfect. Therefore, if the model can capture the magnitude and used to study the cause
of the D18 event, it is already quite good and worthwhile.
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