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This manuscript investigates the spatio-temporal characteristics of summer precipita-
tion systems over the Korean peninsula through the geostatistical analysis using the
combined datasets of ground observation and radar data. For the detailed analysis,
they categorized the precipitation systems into four types based on the precipitation
intensity (3mm/h) and ratio (20%) of precipitated stations. They found that the e-folding
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distance and time of precipitation systems are clearly dependent on the precipitation
area, and directional pattern of precipitation systems. Also they found that the spatial
distribution of water vapor has similar characteristics with precipitation but with strong
spatial correlation over much longer distance (~100 km), through the analysis of
water vapor channel data of Himawari/Advanced Himawari Imager data. The results
obtained in this study can be used for the detailed understanding of precipitation over
South Korea. However, the manuscript should be improved in terms of additional
analyses and scientific interpretation of results. Therefore, the manuscript needs to
undergo a minor revision before being ready for publication in Hydrology and Earth
System Sciences. Below | give some comments and suggestions that would help
improving the manuscript.

—> We appreciate the positive and valuable comments by the referee. We have
substantially improved the manuscript by making some unclear statements clearer
and by adding more discussions on detailed analyses and scientific interpretation,
following the referee’s comments. An item-by-item response to the referee’s general
and minor comments is provided below.

General comments:

1) As we know that thresholds values are very important for the categorization (or
clustering) precipitation systems. Please presents the background or ground of
threshold values (3mm/h, 20%) used in this study.

= We agree with the referee that the threshold values are important for catego-
rizing the precipitation systems. In order to determine the threshold values
(i.e., 20% and 3 mm/h), we have performed a preliminary statistical analysis
of precipitation events (see Table R1 below). In classifying the precipitation
types, we used two criteria — the portion of weather stations with precipita-
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tion (C1) and the station average precipitation rate (C2). We determined the
threshold values when the cumulative percentage of each criterion reaches
80% (see the red lines in Table R1). For example, in terms of C1, the cumu-
lative percentage reaches 77.1% with the portion of 10-20% and 85.0% with
the portion of 20—30%; thus selecting 20% as the threshold value. In terms
of C2, the cumulative percentage becomes 80.0% with 2.0-2.9 mm/h and
93.3% with 3.0—-4.9 mm/h; thus choosing 3 mm/h as the threshold value. We
have added the following statement at the early part of Sec. 2 in the revised
manuscript.

In order to determine the threshold values for classifying the pre-
cipitation types, we have conducted a preliminary statistical analy-
sis on precipitation events in the period of 2011-2015 (not shown).
As the precipitation events occur in a given time period and/or
space interval, our precipitation data are assumed to follow the
Poisson distribution, which represents a probability situation of a
large number of observation with a small probability of occurrence.
Many studies developed the Poisson distribution models to estimate
rainfall and cluster the rainfall systems (e.g., Rodriguez-Iturbe et al.,
1987; Lee et al., 2014; Barton et al., 2016; Ritschel et al., 2017). We
have chosen the threshold values when the cumulative percentage
of precipitation events for each criterion (i.e., C1 and C2) reached
approximately 80%; thus obtaining the threshold values of 20% for
C1 and 3 mm h~! for C2, respectively.

2) The domain of data mentioned in the 2 Data description is not well matched with
the analysis results (e.g., Figure 1)

—> We appreciate the referee for pointing this out, and we admit that our data
description and Fig. 1 might have caused confusion. We have used the sta-
tion data, as shown in Fig. 1, to classify the precipitation types (see Table
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R1 below); we have utilized the 1 km composite precipitation data for the
precipitation analyses, including spatial correlations. We actually noticed
that Fig. 1 should be updated because the station precipitation data were
obtained from three observation networks with a total of 688 stations — the
Automated Synoptic Observing Systems (ASOS), the Automatic Weather
Stations (AWS), and Automated Agriculture Observing System (AAOS). We
also noticed that the information on the radar locations and coverages would
be essential because both the station and radar data were used to produce
the 1 km composite precipitation data. In the revised manuscript, we mod-
ified Fig. 1 by updating the weather station locations and by including the
radar locations and coverages (see Fig. R1 below). We have rewritten the
text by clearly describing the data used in this study. We first modified the
beginning sentences in the second paragraph of Sec. 1, with new state-
ments in bold, as:

“The ground-based rainfall observation data, in Korea, are col-
lected from the Automated Synoptic Observing Systems (ASOS),
the Automatic Weather Stations (AWS), and the Automated Agri-
culture Observing System (AAOS). The observation density is
about 67 km for ASOS and approximately 13 km by including AWS.
In addition, the agrometeorological observation network con-
sists of 11 AAOS stations (Choi et al., 2015). - -~

We have also modified and reorganized the early part of Sec. 2, by includ-
ing the step-by-step description of the method to produce the composite
precipitation data, as (new sentences in bold):

We used the precipitation data from weather stations,
shown in Fig. 1, to categorize the precipitation systems. We
classify four different precipitation types statistically based on two
criteria: the portion of weather stations with precipitation (C1), and
the station average precipitation rate (C2). Based on these criteria,
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we define four different precipitation types, as shown in Table 1: 1)
Low Precipitation at a Few Points (LPFP) for C1 <20 % and C2 < 3
mm h~1!; 2) Low Precipitation at Many Points (LPMP) for C1 > 20 %
and C2 < 3 mm h~!; 3) High Precipitation at a Few Points (HPFP)
for C1 < 20 % and C2 > 3 mm h~!; and 4) High Precipitation at
Many Points (HPMP) for C1 > 20 % and C2 > 3 mm h~!. We prac-
tically exclude the LPFP type in our analyses, i.e., the case with C1
< 20 % and C2 < 3 mm h~!, because it may be less effective.

The Korea Meteorological Administration (KMA) has produced
a composite precipitation data over Korea using the data from
radars, weather stations and satellites, through the following
steps as described in Hwang et al. (2015): 1) remove non-
precipitation echoes from the radar data using the satellite
cloud type data; 2) calculate the difference between the station
precipitation and the radar estimated precipitation; 3) perform
the objective analysis on the precipitation difference field and
on the station precipitation data; 4) correct the bias using the
objectively-analyzed difference field; and 5) combine the cor-
rected radar-estimated precipitation data and the objectively-
analyzed station precipitation data to produce the composite
precipitation data (in mm h~!). In order to analyze the pre-
cipitation systems with high resolution and evenly distributed
data, we used this composite precipitation data. This data cov-
ers 1153 km x 1441 km over the Korean Peninsula, with a grid size
of 1 km and a time resolution of 1 h. Geostatistical analyses are
conducted using this composite precipitation data sets from April
to October in a period of 2013-2015 to investigate the spatial and
temporal characteristics of summer rainfall.
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3) The author should mention about the sensitivity of analysis results to the thresh-

old values for the categorization of precipitation systems. HESSD
= As shown in Table R1, heavy precipitation systems have high locality; es-
pecially, precipitation with the highest intensity (> 10 mm/hr) mostly occurs Interactive
in a small area with the number of stations less than 10% of total weather comment

stations. This is consistent with the findings of Nam et al. (2014), and im-
plies that the precipitation analysis results may depend on (be sensitive to)
the threshold values. We have added the following sentence to next to the
newly-added paragraph in item 1) above:

Our preliminary statistical analysis showed that, in general, most
precipitation events occur over small areas and precipitation events
with high intensity rarely occur over large areas. The locality of pre-
cipitation appeared higher as the precipitation intensity were higher,
in accordance with Nam et al. (2014). In particular, precipitation
systems with the highest intensity (> 10 mm/hr) were mostly con-
fined to a small area with the number of stations less than 10% of
total weather stations. This implies that the locality feature of precip-
itation systems may depend on the threshold value in precipitation
intensity.

4) It will be helpful for the understanding of the single cell storms marked by X in
Figures 9 and 10 if the authors presents the background for the marking.

—> We appreciate the referee for pointing this out. We think the expression

“single cell storms” is not appropriate here. We originally intended to put _

the “X” marks on the locations of precipitation systems with maximum in-

tensity (precipitation rate) and strong cluster characteristics. To avoid any g

confusion, we have modified the captions of Figs. 9 and 10 accordingly. By
reflecting the referee’s suggestion in Minor comments (items 3 and 4) and
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other referee’s comments as well, the captions are rewritten as:

Figure 9. An LPMP case at 05 KST 25 August 2015: (a) HESSD
Precipitation distribution (source from https://afso.kma.go.kr/), (b)
local Z(G;), (c) local Moran’s I (I;), and (d) Z-score of I;. The
computational domain covers the area of 34.34 — 38.97° N
and 124.25 — 130.05° E. Precipitation systems with maximum comment
intensity and strong cluster characteristics are marked by the

crosses, and the cold spots with dispersion pattern are denoted by

the arrow. Non-precipitating areas have no color shading.

Interactive

Figure 10. Same as in Fig. 9 but for an HPMP case at 17 KST 27
May 2013 and the computational domain of 33.43 — 38.05°N and
124.25 — 130.04°E.

— We have also rewritten the statement in page 10, line 11 as:

Figure 9c depicts several precipitation systems with maximum
intensity (i.e., precipitation rate; see Fig. 9a) in the cluster area
(marked by the crosses). These systems show the highest local
Moran’s / with the spatial scale of less than 30 km. The cluster
patterns were statistically significant at a significance level of 0.01
(Fig. 9d). «----- The map of local Moran’s I shows that a precipi-
tation system with a strong cluster feature has developed, over
the southwestern sea of the Korean Peninsula, along with the suc-
cessive cluster patterns in a line type (Fig. 10c), with a significance

level of 0.01 (Fig. 10d). ~ Printer-friendly version
Minor comments: T

1) The location of AWS is not correct in Figure 1.
C7 4



https://www.hydrol-earth-syst-sci-discuss.net/
https://www.hydrol-earth-syst-sci-discuss.net/hess-2018-83/hess-2018-83-AC2-print.pdf
https://www.hydrol-earth-syst-sci-discuss.net/hess-2018-83
http://creativecommons.org/licenses/by/3.0/

= We have redrawn Fig. 1 in the revised manuscript (see Fig. R1 below).

2) | think that the number of y axis in Figures 5 and 8 is km. So, give the unit in
Figures 5 and 8.

= We appreciate the referee for pointing this out. We now have explicitly given
the unit (km) in the captions of Figs. 5 and 8. We also changed the name of
diagram to “radar chart” from “radar diagram” to avoid any confusion. The
captions of Figs. 5 and 8 are rewritten, and the cation of Fig. 8 also reflects
the referee’s suggestion in items 3) and 4):

Figure 5. A radar chart representing the directional e-folding
distance (in km) at the mode in Fig. 3.

Figure 8. A radar chart representing the directional e-folding dis-
tance (in km) of brightness temperature of the Himawari/AHI wa-
ter vapor band 8, 9 and 10 at the mode in the histogram of case
numbers for LPMP (solid), HPMP (dashed), and HPFP (dotted).
The colors indicate autocorrelation coefficients of 0.7 (blue),
0.8 (black), and 0.9 (grey), respectively.

3) Figure 6. The averaged spatial autocorrelation of brightness temperature of water
vapor band (a) 8, (b) 9, and (c) 10 for each precipitation = The averaged spatial
autocorrelation of brightness temperature of water vapor band (a) 8, (b) 9, and
(c) 10 Himawari/AHI for each precipitation

— The caption of Fig. 6 is now modified following the referee’s suggestion as:

Figure 6. The averaged spatial autocorrelation of brightness tem-
perature of the Himawari/AHI water vapor band (a) 8, (b) 9, and (c)
10 for each precipitation type.

4) Some index of figures are not clear (e.qg., Figures 7, 8, 9, 10, and 11).
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— We have rewritten the captions, by reflecting suggestions by other referees
as well. The revised captions appear as the followings: HESSD

Figure 7. The average directional spatial autocorrelation of the

brightness temperature of the Himawari/AHI water vapor band ,
8, 9 and 10 by each precipitation type (i.e., HPFP, HPMP, and Interactive
LPMP) for directions of 0° (black), 45° (blue), 90° (red), and 135° CoRImEnt
(green). The direction (angle) is measured counterclockwise

from the origin-east axis (i.e., 0°).

Figure 8. A radar chart representing the directional e-folding
distance (in km) of brightness temperature of the Himawari/AHI
water vapor band 8, 9 and 10 at the mode in the histogram of case
numbers for LPMP (solid), HPMP (dashed), and HPFP (dotted).
The colors indicate autocorrelation coefficients of 0.7 (blue),
0.8 (black), and 0.9 (grey), respectively.

Figure 9. An LPMP case at 05 KST 25 August 2015: (a)
Precipitation distribution (source from https://afso.kma.go.kr/), (b)
local Z(G;), (c) local Moran’s I (I;), and (d) Z-score of I;. The
computational domain covers the area of 34.34 — 38.97° N
and 124.25 — 130.05° E. Precipitation systems with maximum
intensity and strong cluster characteristics are marked by the
crosses, and the cold spots with dispersion pattern are denoted by
the arrow. Non-precipitating areas have no color shading.

Figure 10. Same as in Fig. 9 but for an HPMP case at 17 KST 27 g
May 2013 and the computational domain of 33.43 — 38.05°N and g

124.25 — 130.04°E.
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Figure 11. Same as in Fig. 9 but for an HPFP case at 05 KST 24
October 2015 and the computational domain of 37.14 — 39.06°N HESSD
and 123.32 — 131.21°E.
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Table R1. Preliminary statistical analysis of precipitation events during 2011-2015 by two criteria —-
the portion of weather stations with precipitation and the station average precipitation rate. The red lines HESSD
indicate the boundaries when the cumulative percentage of precipitation events is approximately 80 %.

Figure R1. The weather station locations (blue dots) and radar locations (red plus symbols) and cover-

ages (white area) in Korea. Interactive
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The portion of weather stations with precipitation (%)

HESSD

Fig. 1. Table R1. See the caption for Table R1 in C11.
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Fig. 2. Figure R1. See the caption for Figure R1in C11.
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