Responses to the Reviewer's Comments

Reviewer #1:

Overall Response:The reviewer commented 4 general issues, 17 spasfues and 5
comments for tables and figures. We sincerely thgmk for the comments that help to
improve our paper. We will improve our manuscaptthe reviewer's commented and the

detail plans are as followed.

General issues:
Q1: English Language am not a native English speaker, and i symsathwith the authors

for the difficulties that all the non-native speek&ncounter during the revision of a
manuscript. However, i felt in this case that thelgy of the language is preventing me
from providing a good and helpful review.

Response:All the authors are well aware of that our manys$as required professional
English review, and our revised manuscript will getting a professional English
correction before it will be submitted. Hope thi®gess will improve our manuscript to

reach high standard of English requirement forjolienal.

Q2.1: Manuscript presentatiarthe manuscript is short. This is not necessailyad aspect,

but the sections deserve much more details than adtaally provided. | believe that

this is true for all the section, but to providex@examples:

Sec. 2. No information is given (in the text) about thehieical specification of the radar
or about the (detailed) characteristics of the drsts. If only 4 storms have to be
used, they should be described with a high levedetéil in order to properly
comment on the generality and robustness of thdtses

Response:As recommended by the reviewer, we will give a figscription about the
technical specification of the radar and the charatics of the 4 storms. For example,
we gave an explanation of event 1 in the manuscwhich was mostly stratiform
precipitation (below figure). We will describe eastorm with additional information.
Each event will be described using synoptic weathbedition; distribution of rainfall on
the ground based on raingauge measurement andagsdmages.

Event 1: Event 1 was related to the Typhoon Chan-Hom, winak developed near the

Equator, traveled through West Sea of Korea analyirhit mainland China (Fig. A).



Korea had light or moderate rain over the most pathe country and rain was lasted
over 24 hours since late 11th July 2015(Fig. B)s@wed hourly maximum rainfall was
18mm at201507120900ksTduring the event. Fig. C is shown CAPPI refle¢yivimage

composed at 1.5 km in height using data observeithdoy IT radar at 9am on 12th July
2015. Black circle is represented 100km in horiabdistance from the YIT radar and
only inner circled areas are used for this studye Pprecipitation type was mainly
stratiform rain with very clearly observed brighdnal as supportive evidences of Fig.
D(Z), E( pn) and F(ZDR) observed by the YIT radar at 9.1Bright band was

developed about 4.5km in height, therefore the W3&BPI image composed at 1.5km
was not influenced by bright band. The YIT radas Hmeen purposely set a beam
blockage area around O0~10degree to prevent intesverby neighboring

telecommunication radar.

YIT Radar CAPPI(CZ) 2015.07.12. 09:00(KST)
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Event 2: During this Event 2(23~26 July 2016), southerndcfsbnt was faced with
warm front from the North in middle of Korea Penitesand stayed over 72 hours as
presented in Figure A, B and C. As strong frontakpitation developed, the maximum
hourly rainfall was recorded with 57.5mm at 2ama8{' July 2015 as shown Fig.D.

Leading convective cells were lined from the Sowtkst to the North-East with



stratiform rain developed surrounded area.

A. Weather surface chart B. Weather surface chart
@201507232100KST @201507252500KST

FRATN(60nin) 2015.07.25.02:00

YIT Radar CAPPI(CZ) 2015.07.25. 02:00(KST) a8z

D. Max hourly rainfall 57.5mm @ E. CAPPI CZ at
201507250200 KST 201507250200 KST 201507250200 KST

Event 3: This event (201507290000~2300KST) was occurrethduhe Asian summer
monsoon. Frontal precipitation band was developgdland in South Korea. Multi
super cell storms were traveled from the West Sehpassed mainland, and light or
moderate stratiform echoes were largely developag A). Naturally heavy rain was led

by storms; hourly maximum rainfall was recorded #4®6rat 10am on 25th July 2015

§ 12am (KST)




(Fig.B).

The strong cells were activated from 8am to 11 arthe day and it was light rain rest of
the period at the event. With the figure below, pihecesses of strong, invigorate, deep
and rotating updraft are well presented on a so&l€l ~ 20km) with trailing large

stratiform at 8am on 29th July 2015. Thus this ¢wam be categorized as a mixture of

super cell storms and very light stratiform rain.

YIT Radar

2015.07.
08:00 (KST)
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Elevation:0.61 MawRange:Zd0km GateSize:zS0m Gates:960 HaQC

Event 4: The Event 4 is typical mid-latitude squall linesegm accompanied by strong
lightning as presented in Fig. A and B. The lineanvective cells were developed
particularly from non to 19pm on 8th August 2015uridg this time, persistent
thunderstorms and contiguous precipitation arease wgroduced. The strongest
reflectivity was appeared around 55dBZ, which is@unded by 45~50dBZ. Maximum
hourly rainfall was 77mm at 201508081500KST.

RAIN{EOmin) 2015.08.08.15:00

2015.08.068.15:00 KST (10 min)

A. 60min accumulated rainfall inB. Lightning hit number for 10min at
mm at 201508081500KST 201508081500KST
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Q2.2: Sec. 3.2. This is the core of the manuscript, and half agag not enough for the
reader to understand how the method works. By tapki the diagram of Fig. 2 and by
reading the text, i feel that there is a good ited i do not have enough information to
fully grasp it and see its merits (or faults).

Response:The entire section 3 is about the methodology tzasl supplementary three sub-
sections, although the overall structure of thetisecis not well described at the
beginning. We have been working on enhance theiose®@ with further detall

explanation and supplementary information.

Q2.3: Sec 3.3. This section should also explain how gingesset of rain-gauges is used both
in the optimization and in the validation of thevab method. If no additional
information is given it is not surprising that, @ft optimization on raingauges, the
accuracy (with respect to the raingauges themsgineseases.

ResponseWe hope this question will be answered with oursed manuscript, which will

be amended as described in the previous suggestsrant to the Section 3.

Q3: Dataset. The manuscript is based on a dataset of 4 evdrs show two different
behaviours in the optimization (as seen in Fig.T)is dataset, unless additional expla-
nations are provided, is very limited: it becomesdhto generalize the results and it is
difficult to explain the reason of the differentigiours of Fig. 5.



Response As we have already worked for providing furthetads of the four events, this
concern will be sort out. We, however, will enhamagerpretation of the results in the

relation of characteristics of each event. Thid mike this section becomes strong.

Q4: ScopeThe manuscript is relatively technical and in npyndon it should have been sub-
mitted to a different Copernicus journal: Atmospbéieasurement Techniques (AMT).

Response We had thought about this a lot, too as the resiepointed out. Also we agree
your comment that our current version of manusdsptelatively technical. It is much
complicated to estimate rainfall of using dual-paldar, because multivariate analysis (Z,
ZDR and KDP) have to be involved in the proces&tsl. many other researchers or
radar operators are seeking for the optimal metbachprove QPE. Radar data QPE has
been of more interested to hydrologist rather thag other users of weather radar
product. First and correspondence authors are logist, too. Since we concluded the
empirical method in this study can contribute foonde who have been suffered or
concerned QPE with dual-pol radars. HESS is on¢hefmost popular journals for

hydrologist, and we decided to submit our papdfESS.

Specific issues:

Q1: Introduction. Some relevant literature may be hdlpiere, to complete the overview. |
suggest Matrosov et al. (1999); lllingworth (2008)atrosov (2010); Wang and Chan-
drasekar (2010).

Response:As recommended by the reviewer, we will refer liberature as suggested in

introduction.

Q2: Page 1, Line 25: “Chandra” should be “Chandrasekar”
ResponseAs the name was miswritten, we will amend the name

Q3: Page 2, Line 1: gris a ratio if Z1and Z are expressed in linear units.
Response:As recommended by the reviewer, ZDR defines aatia when ZH and ZV are
expressed in linear units. Also ZDR can define #ferénces when ZH and ZV are

expressed in dB units. Since this point can confaaders, we will correct the sentence.

Q4: Page 2, Line 29: you should definitely commentranfact that you compare ground



measurements with measurements collected at mgblerhaltitudes (1.5 km) and on the
possible sources of error that comes from the npieysical processes occurring below
1.5 km.

Response:n fact the gap between measurement on the granddmeasurement aloft also
can have great effect on the error of the radarsoreaent. As there are many
mountains, covering about 70% of the entire KorBaninsula, the radars installed in
Korea are, also, largely affected by the geomogdiodl feature. Nevertheless, we used
1.5 km CAPPI because the altitude (1.5 km) wasnti@mum height determined to
secure rather homogeneous data in altitude withéatking a significant portion of
terrain. We will enhance the explanation aboutetter due to the gap.

Q5: Page 3, Line 8: here the term \eleven magnitudegkears, but it has not been defined.

The reader may be lost.

ResponseAs recommended by the reviewer, we will definetdren as suggested.

Q6: Page 3, Line 17: is the PARSIVEL used in this suldynot, he can also not be
mentioned.

Response:We did not use PARSIVELWe mentioned it in manuscript to explain Jincheon
ground station in where various meteorological rinsents including PARSIVEL are
installed. Jincheon station has an important roégause the station is aimed to verify
the polarimetric variables obtained from the YITdRa as well as radar rainfall
estimation calculated using the polarimetric vdaab Also, the polarimetric variables
can be retrieved by PASIVEL, however, we have maooafidence in 2DVD when
verifying the polarimetric variables. Since thisimggocan confuse readers, we will

improve the sentence.

Q7: Page 3, Line 27: could you show on Fig. 3 also¢hetations?
Response:As recommended by the reviewer, we will show tlendins or relations with

figures below. In the figures, the blue domainasrdomain suggested by Straka et al.
(2000).
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Q8: Page 4, Line 8: why only positive magnitudes amesatered?

Response:Since YIT Radar has been installed in late 2014s istill in the process of
calibrating and optimizing the polarimetric varieblfor the YIT Radar measurements.
The radar rainfall estimated by polarimetric valggb from YIT Radar has been
underestimated in the most precipitation events, arefore, considered only positive
magnitude in the manuscript. Naturally, if the mnadainfall is overestimated, we can
consider the negative magnitude. But we don’t ke the cases for the overestimation

of the radar rainfall in our radar.

Q9: Page 4, Lines 13-15: this sentence needs somel \sappaort (a figure), to guide the
reader to understand the algorithm.
Response As recommended by the reviewer, we will explaia sientence by giving such as

below figure.
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Q10: Page 4, Line 18 (Table 4): add references forladl telations in the table.
ResponseAs recommended by the reviewer, we will add beleferences in the Table 4.
= R1 : Marshall and Palmer (1948), R2 : Bringi anch@iiraseker (2001), R3 : Brandes
et al. (2003), R4 : WRC (2014), R5 : Cifelli et @011), R6 : Ryzhkov et al. (2003)

Q11: Page 5, Line 18: You should comment about thdsshaviours (maximum around 5 dB
of events 1 and 3 vs asymptotic behaviour of everdaad 4), and here it would be
helpful to understand if the type of rainfall wasydifferent in those cases.

ResponseAs recommended by the reviewer, we will enhaneeettplanation about Figure 5.

Q12: Page 6, Line 25 (Fig 7): could you specify whial éstimation method you employ?
Sometimes the estimates af #eem poor (as in Event 1)

Response:We will explain Kdp estimation method which is deasquare method. However
Kdp in event 1 was noisy because event 1 was mestyiform precipitation and the

rainfall intensity was not large.

Tables and Figures:

Q1: Provide more complete information in the captidrFmures and Tables. Captions are
often too short and not complete.

Response:We do agree with this comment and will enhance d@kplanation about the

caption of Figures and Tables.



Q2: Table 2: it is a good starting point, but the dgsiton of the events should be more
detailed and supported by actual radar images (BIPRCAPPI) for each event.

ResponsePlease refer our response to the question fordde2t

Q3: Table 4: add a reference for the algorithms, ia game table.
ResponseWe will add references in the Table 4.

Q4: Figure 2: i like this figure, but it needs to bep&ined step by step with additional
details in the text.

ResponseWe have been working on enhancing interpretatidheFigure 2.

Q5: Figure 4: add an indication of vertical distancettveen the radar measurement and the
gauge.
ResponseThis will be explained as part of the section ‘AN relation with the Figure 4.



