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To assess the performance of rainfall estimation using specific differential phase observed by Bislsan radar, the first polarimetric
radar inKorea, three rainfall cases occurring in 2011 were selected, each caused by different conditions: the first is theChangma front
and typhoon, the second is only theChangma front, and the third is only a typhoon. For quantitative use of specific differential phase
(𝐾DP), a data quality algorithm was developed for differential phase shift (ΦDP), composed of two steps; the first involves removal
of scattered noise and the second is unfolding of ΦDP. This order of the algorithm is necessary so as not to remove unfolded areas,
which are the realmeteorological target. All noise was removed and the foldedΦDP were unfolded successfully for this study.𝑅(𝐾DP)
relations for S-band radar were calculated for 84,754 samples of observed drop size distribution (DSD) using different drop shape
assumptions.The relation for the Bringi drop shape showed the best statistics: 0.28 for normalized error, and 6.7mm for root mean
square error for rainfall heavier than 10mmh−1. Because the drop shape assumption affects the accuracy of rainfall estimation
differently for different rainfall types, such characteristics should be taken into account to estimate rainfall more accurately using
polarimetric variables.

1. Introduction
Weather radar is a very useful remote sensing tool for
estimating rainfall amount because of its high spatial and time
resolution compared with other instruments. Measurements
of rainfall by radar are generally based on the relationship
between the reflectivity factor (𝑍) and rain rate (𝑅), termed
the 𝑍-𝑅 relation (hereafter 𝑅(𝑍)). Experimentally measured
DSDs have been extensively used to calculate both radar
reflectivity and rain rate [1]. It can be shown that there
is no unique global 𝑅(𝑍) relation because DSDs can vary
from storm to storm and within the storm itself [2]. Many
researchers have noted that radar rainfall estimation is
contaminated by a number of uncertainties such as hardware
calibration, partial beamfilling, rain attenuation, bright band,
and nonweather echoes [3, 4]. Several studies in Korea have
calculated the 𝑅(𝑍) relationship using disdrometer data for
different rainfall types and calirated rainfall amount with rain
gages for operational Doppler weather radars [5–7].

Numerous studies have investigated the implementation
of polarimetric radar for operational use. A particle identi-
fication algorithmhas been developed to improve data quality
control and rainfall estimates by distinguishing nonmete-
orological artifacts such as anomalous propagation, birds,
insects, second-trip echo, and melting-layer detection [8–
10].The improvement of quantitative precipitation estimation
(QPE) accuracy is one of the major advantages of polari-
metric radar [11–15]. Cifelli et al. [16] recently compared
the performance of two rainfall algorithms in a high plains
environment: the CSU-HIDRO (Colorado State University-
Hydrometeor IDentification of Rainfall) and one based on the
JPOLE (Joint Polarization Experiment). Based on these the-
oretical and other experimental studies, many countries are
replacing or modifying their radars to provide polarimetric
radar for operational use. The specific differential phase is a
very useful parameter for rainfall estimation because it is not
susceptible to radar calibration, beam attenuation, or beam
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Figure 1: The location of the Bislsan radar (solid rectangle), the POSS disdrometer (open rectangle), and rain gages (plus signs) distributed
within the area of radar coverage (100 km radius).

blockage. It is also closely related to rain intensity, even in the
presence of dry, tumbling hail [17, 18].

Three major agencies use radars to monitor and forecast
severe weather and flash floods operationally in Korea: the
Ministry of National Defense (MND), the Ministry of Land,
Infrastructure and Transportation (MOLIT), and the Korea
Meteorological Administration (KMA). MOLIT installed
polarimetric radars for the first time in Korea in 2009
and 2012. The successful implementation of these radars
for operational use requires studies of rainfall estimation,
hydrometeor classification, and DSD retrieval. However,
there are few studies on these polarimetric related issues,
other than for deriving relationships using long period
disdrometer data, assessing each relation after applying a very
simple quality control for differential phase shift [19]. The
accuracy of rainfall estimation using 𝑅(𝐾DP) was found to be
worse than that of 𝑅(𝑍, 𝑍

𝐷𝑅

).
This paper discusses how the accuracy of rainfall esti-

mation can be improved using specific differential phase
measured by the first polarimetric radar installed in Korea.
Section 2 describes the data used in this study, the calculation
of the relationship between specific differential phase and rain
rate, the data quality control of differential phase shift, and
the statistical validation. Section 3 gives results for rainfall
estimation using specific differential phase and describes the
effect of quality control of differential phase shift including
the unfolding algorithm. Finally, Section 4 summarizes the
results and provides some concluding remarks.

2. Data and Methodology

2.1. Rain Gage and Radar Dataset. The rainfall data from
rain gages operated by the KMA were used to evaluate the
accuracy of radar rainfall. Rain gages located at distances of
5 km to 100 km from the radar are included in the analysis.
Figure 1 shows the location of all instruments used in this

study. The circle represents the radar coverage, the solid
rectangle is the center of the Bislsan radar, plus signs show the
distributed rain gageswithin the radar coverage, and the open
rectangle is the position of a POSS (Precipitation Occurrence
Sensor System) disdrometer, whichwas located around 82 km
from the radar. The POSS disdrometer will be described in
more detail in the next section.

Radar data were collected by the Bislsan S-band polari-
metric radar, which was installed and operated by MOLIT
in Korea from 2009. The transmitted peak power is 750 kW,
beam width is 0.95∘, and frequency is about 2.8GHz. Hori-
zontal and vertical reflectivity (𝑍

ℎ

, 𝑍V), radial velocity (VR),
spectrumwidth (SW), differential reflectivity (𝑍DR), differen-
tial phase shift (ΦDP), specific differential phase (𝐾DP), and
cross correlation coefficient (𝜌

ℎV) are estimated with a gate
size of 0.125 km.The scan strategy is composed of 6 elevation
angles with a 2.5-minute update interval. The values of ΦDP
and 𝐾DP for 0.5∘ elevation angle were extracted from the
volume data every 2.5 minutes.

The quality control algorithm consists of aΦDP unfolding
stage and a noise removal stage. It is applied to improve
rainfall estimates. The maximum observable value of ΦDP is
180∘ for the Bislsan radar in 2011. If the real ΦDP exceeds this
value in the case of heavy rainfall,ΦDP may be folded (aliased)
and should be unfolded for quantitative use.The procedure to
unfold ΦDP is as follows.

(1) Check for folding by comparing the difference bet-
ween the current gate value of ΦDP and the median
ofΦDP for the previous 24 gates.

(2) The gage is designated as a folded gate if the difference
satisfies the conditions shown in Figure 2.

(3) If it is folded, add 180∘ to the folded value.
Noise removal is performed after unfolding as follows:
(1) calculation of standard deviation ofΦDP using 9 gates

centered on the target gate,
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Figure 2: Flowchart of differential phase shift-unfolding algorithm.

(2) remove gate as noise if the standard deviation of ΦDP
at the gate is more than 15 degrees,

(3) remove remaining noise by checking the number of
missing gates in the 25 neighbor gates,

(4) use the average value of the 9 neighbor gates to replace
the removed gate value.

𝐾DP is calculated from the slope of 9 and 25 gates of
quality-controlledΦDP. If a reflectivity is higher (lower) than
40 dBZ, it is lightly (heavily) filtered. These 𝐾DP are used to
calculate rainfall amount. Figures 2 and 3 show the details of
the ΦDP unfolding algorithm and noise removal procedure.

2.2. Calculation of R(𝐾DP) and Validation. Relations for
converting radar variables into rain rate are required because
radar does not observe the rainfall directly. In order to calcu-
late these relations, disdrometer data, which can measure the
DSDs, are needed. A POSS is a low power, continuous wave,
X-band, bistatic system; here the transmitter and receiver are
housed separately and mounted on a frame 45 cm apart [20].

One-minute DSDs obtained fromMarch 2001 to Septem-
ber 2004 were processed to remove unreliable data, as shown
in You et al. [19]. After quality control, there were 84,574DSD
samples available for calculating the relationships.Most of the
data are distributed over a wide range with a maximum rain
rate of about 199mmh−1 (Figure 4).
𝐾DP was calculated for this study using T-matrix scatter-

ing techniques derived byWaterman [21] and later developed

Count the number of missing data 
around 25 neighboring gates 

Filling of gap  

If data is not missing in a raw, fill the  
gap using 9 gate-averaged data

using neighboring 9 gates which are   
4 gates backward and forward direction 

along with the radial

Calculation of standard deviation for ΦDP

Remove noise ΦDP

If Std phi > 15, remove ΦDP at the gate

Calculation of N25

Remove residual ΦDP

If N25 > 18, remove ΦDP at that gate

Std phi calculation

ΦDP processing for noise data

KDP calculation

Figure 3: Noise removal flowchart for differential phase shift.
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Figure 4: Histogram of rain rate calculated using 84,574 samples of
1 min DSD after quality control.
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Table 1: Rainfall cases and different source conditions used in the study.

Items Period Sources
Case 1 2011. 6. 25. 0000 LST∼6. 26. 1400 LST Changma front and typhoon
Case 2 2011. 7. 09. 0000 LST∼7. 10. 2200 LST Changma front
Case 3 2011. 8. 07. 1800 LST∼8. 08. 0300 LST Typhoon

further by Mishchenko et al. [22]. The shape of a falling
raindrop in air is determined by a balance of three types
of forces working on the drop surface: hydrostatic pressure,
surface tension, and aerodynamic pressure. To obtain the
specific differential phase using DSDs, three raindrop shape
assumptions are used, as described in Ryzhkov et al. [23].
The numerical model of Beard and Chuang [24], which
agrees well with wind tunnel measurements, suggests that the
equilibrium values of the raindrop axis ratio 𝑟 are related to
the equivolume diameter in mm,𝐷 by

𝑟 = 1.0048 + 0.500057𝐷 − 0.02628𝐷
2

+ 0.003682𝐷
3

− 0.0001677𝐷
4

(1)

(hereafter EQU). The actual shapes of raindrops in turbulent
flow are expected to be different from the equilibrium shape
due to drop oscillation. Oscillating drops appear to be more
spherical on average than the drops with equilibrium shapes,
as shown by Andsager et al. [25] in laboratory studies. They
showed that the shape of raindrops between 1.1 and 4.4mm
is better explained by the following formula:

𝑟 = 1.012 − 0.01445𝐷 − 0.01028𝐷
2

. (2)

Bringi et al. [26] [hereafter BRI] suggested using (2)
for drops with sizes smaller than 4.4mm and (1) for larger
sizes. Another shape-diameter relation recently proposed by
Brandes et al. [14] [hereafter BRA] combines the observations
of different authors:

𝑟 = 0.9951 + 0.025𝐷 − 0.03644𝐷
2

+ 0.005303𝐷
3

+ 0.0002492𝐷
4

.

(3)

Another parameter in the T-matrix calculations is the
temperature, which is assumed to be 20∘C in this study. It is
also necessary to take the canting angle into consideration,
because it can account for a 6% reduction in the coefficient of
the 𝑅(𝐾DP) relation [27] and may give small negative biases
in the estimators [28]. The distribution of canting angles
of raindrops is Gaussian with a mean of 0∘ and a standard
deviation of 10∘, and these values have been used commonly
in previous studies [27, 29].

To validate each relationship, the normalized error (NE),
fractional root mean square error (RMSE), and correlation
coefficients (CC) are used:

NE =
(1/𝑁)∑

𝑁

𝑖=1

(
𝑅𝑅,𝑖 − 𝑅𝐺,𝑖

)

𝑅
𝐺

, (4)

RMSE = [ 1
𝑁

𝑁

∑

𝑖=1

(𝑅
𝑅,𝑖

− 𝑅
𝐺,𝑖

)
2

]

1/2

, (5)

CC =
∑
𝑁

𝑖=1

(𝑅
𝑅,𝑖

− 𝑅
𝑅

) (𝑅
𝐺,𝑖

− 𝑅
𝐺

)

[∑
𝑁

𝑖=1

(𝑅
𝑅,𝑖

− 𝑅
𝑅

)]
1/2

[∑
𝑁

𝑖=1

𝑅
𝐺,𝑖

− 𝑅
𝐺

]
1/2

. (6)

Here𝑁 is the number of 𝑅
𝑅

and 𝑅
𝐺

pairs and 𝑅
𝑅

and 𝑅
𝐺

are the averaged rain rate for 1 hour for the radar and gage,
respectively. The above measures are calculated using hourly
rainfall amount for the radar and gage at the point. Negative
𝐾DP is set to 0 in calculating 𝑅(𝐾DP). The point rainfall from
radar was obtained by averaging rainfall over a small area
(500m × 1∘) centered on each rain gage.

3. Results

3.1. Rainfall Case Studies and Quality Control of Differential
Phase Shift

3.1.1. Rainfall Distributions. In this study, three precipitation
systems in 2011 were analyzed: one associated with the
Changma front and a typhoon from 0000 LST on June 25 to
1400 LST on June 26, a second only with the Changma front
from 0000 LST on July 9 to 2000 LST on July 10, and a third
only with a typhoon from 2100 LST on August 7 to 0300 LST
on August 8 (Table 1).

Figure 5 shows the time series of total rainfall amount
observed by the ground rain gages in each case, obtained by
summing the amount of rainfall observed by all the rain gages
within the radius of the radar. In Case 1, there are two peaks
of rainfall: the first due to the Changma front and the second
to the typhoon. There are three peaks associated with the
Changma front in Case 2. The third case was a precipitation
system caused by the typhoon but of relatively short duration.

3.1.2. Quality Control of Differential Phase Shift. Differential
phase shift is defined as the difference between the vertical
and horizontal phases of the precipitation particles and
is used to calculate 𝐾DP. If the processing of ΦDP is not
successful, the calculation of 𝐾DP and rainfall estimation
is affected. The maximum observable value of ΦDP is 180
degrees for the Bislsan radar in 2011. If the real ΦDP exceeds
this value in heavy rainfall, ΦDP may be folded and should
be unfolded for quantitative use. There is also considerable
noise in the observed ΦDP and this should be removed.
Figure 6 shows the results of noise removal and unfolding of
differential phase shift for observations on 1330 LST on June
26 and 0246 LST on August 8 in 2011, respectively.

Considerable noise was observed to the west of the radar
center, and this has clearly been removed by the noise removal
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Figure 5: Time series of total rainfall amount, defined as rainfall summed over all rain gages within the radar coverage for (a) Case 1, (b)
Case 2, and (c) Case 3.

algorithm (Figures 6(a) and 6(b)). Folding ofΦDP occurs at a
distance of 60 km south of the center of the radar coverage;
the algorithm successfully recovers ΦDP (Figures 6(c) and
6(d)). It is necessary to apply the noise removal algorithm
after unfolding so that it does not remove the unfolding
region, which is an area of real echo. Folding of the differential
phase shift occurred from 0215 LST onAugust 8 in Case 3 and
all events were successfully unfolded (not shown here).

3.2. 𝑅(𝐾DP) Relations and Validation. Relations between rain
rate and 𝐾DP, 𝑅(𝐾DP), were determined using a standard
weighted least square polynomial fit. 𝐾DP and rain rate were
calculated using the observed DSDs from 84,574 samples.

Equations (7), (8), and (9) were obtained by assuming
EQU, BRI, and BRA drop shapes, respectively. Their corre-
lation coefficients were 0.87, 0.86, and 0.84, respectively. The
𝑅(𝐾DP) BSC referred to below is the 𝑅(𝐾DP) calculated from
DSD data observed at Busan in Korea:

𝑅 = 50.9𝐾DP
0.827 (7)

𝑅 = 61.4𝐾DP
0.833 (8)

𝑅 = 53.4𝐾DP
0.787

. (9)

Table 2: List of different relations used for validation.

Number Relationship Drop shape
1 𝑅 = 3.64 × 10

−2

𝑍
0.625 Marshall Palmer

2 𝑅 = 44.0𝐾DP
0.822

Measured DSDs at Oklahoma,
EQU shape

3 𝑅 = 50.3𝐾DP
0.812

Measured DSDs at Oklahoma,
BRI shape

4 𝑅 = 47.3𝐾DP
0.791

Measured DSDs at Oklahoma,
BRA shape

5 𝑅 = 50.9𝐾DP
0.827

Measured DSDs at Busan, EQU
shape

6 𝑅 = 61.4𝐾DP
0.833

Measured DSDs at Busan, BRI
shape

7 𝑅 = 53.4𝐾DP
0.787

Measured DSDs at Busan, BRA
shape

The accuracies of these relationships were compared with
those of the 𝑅(𝐾DP) based on DSDs observed in Oklahoma
City (hereafter 𝑅(𝐾DP)OKC) [30] and 𝑅 = 200𝑅

1.6 (Table 2).
Only the times for which gages have rainfall greater than
0.1mm were selected, and there are 2,891, 3051, and 423 pairs
for Cases 1–3, respectively.
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Figure 6: The results of noise removal and unfolding of differential phase shift. (a) Raw ΦDP observed at 1330 LST on June 26, 2011, before
noise removal and (b) after noise removal. (c) RawΦDP observed at 0246 LST on August 8, 2011, before unfolding and (d) after unfolding.

Figure 7 shows scatterplots of gage rainfall against radar
rainfall obtained from the Marshall Palmer (MP) 𝑅(𝑍),
𝑅(𝐾DP) OKC, and 𝑅(𝐾DP) BSC.

Blue triangles are for equilibrium drop shape, red circles
for the Brandes drop shape, and black crosses for the Bringi
drop shape. In Case 1 the statistics of the radar rainfall
determined from 𝑅(𝑍) were NE = 0.54, RMSE = 4.3mm,
and CC = 0.82. Regardless of the drop shape, the statistics
for rainfall obtained by 𝑅(𝐾DP) OKC and BSC were similar.
Better values of CC and NE were obtained with 𝑅(𝑍) than
with 𝑅(𝐾DP), but the RMSE of 𝑅(𝐾DP) was a little better than
that of 𝑅(𝑍). Case 2 shows a similar pattern to Case 1, but
the RMSE of the 𝑅(𝐾DP) with EQU drop shape was good

in 𝑅(𝐾DP) BSC. In Case 3, 𝑅(𝑍) showed good results in all
statistics and the RMSE of 𝑅(𝐾DP) BSC was lower than that
of𝑅(𝐾DP)OKC.The quality control algorithm for differential
phase shift has resulted inmuch better results for𝑅(𝐾DP) than
in the previous study [19].
𝐾DP is susceptible to fluctuations of DSD and is noisy in

light precipitation. In all cases used in this study, there is a
large proportion of light precipitation, and the performance
of the 𝑅(𝐾DP) is either no better or worse than the perfor-
mance of 𝑅(𝑍). Therefore, only samples with gage rainfall
intensity greater than 10mmh−1 in all caseswere selected and
analyzed. The number of samples with heavier rainfall was
1,072.
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Figure 7: Scatterplots of gage rainfall against radar rainfall estimated by theMP 𝑅(𝑍), 𝑅(𝐾DP)OKC, and 𝑅(𝐾DP) BSC relations for Cases 1–3.
(a), (b), and (c) are for Case 1; (d), (e), and (f) are for Case 2; and (g), (h), and (i) are for Case 3. Blue triangles are for equilibrium drop shape,
red diamond for the Brandes drop shape, and black crosses for the Bringi drop shape.

Values of RMSE increase when only heavy rain samples
are selected. With the exception of the CC, the results of
𝑅(𝐾DP) are greatly improved comparedwith𝑅(𝑍).The results
of𝑅(𝐾DP) BSC are better than those of𝑅(𝐾DP)OKC, with the
BRI shape performing the best, giving NE = 0.27, and RMSE
= 6.7 (Table 3).

3.3. Discussion. For rainfall heavier than 10mmh−1, 𝑅(𝐾DP)
BSC BRI was most accurate but its normalized error is still

27%. There could be many sources of error, but the differing
accuracy of the different rainfall relations was first examined
by using the tropical 𝑅(𝑍) relation used in next generation
radar (NEXRAD) in USA:

𝑅 = 1.21 × 10
−2

𝑍
0.833

. (10)

Figure 8 shows the comparison of gage and radar rainfall
estimated for the NEXRAD 𝑅(𝑍) relation. In Case 1 where
rainfall was caused by the Changma front and typhoon,
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Figure 8: Scatterplots of gage rainfall against radar rainfall obtained using the tropical 𝑅(𝑍) relation derived from the US NEXRAD network
for (a) Case 1, (b) Case 2, and (c) Case 3.
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Figure 9: Scatterplots of average 𝑍 against 𝑍DR for (a) Case 1, (b) Case 2, and (c) Case 3.

Table 3: Rainfall statistics for the different relations for high rainfall
rate conditions for all three cases combined.

Number Relation NE RMSE CC
1 𝑅 = 3.64 × 10

−2

𝑍
0.625 0.52 11.5 0.78

2 𝑅 = 44.0𝐾DP
0.822 0.39 9.2 0.78

3 𝑅 = 50.3𝐾DP
0.812 0.32 8.0 0.78

4 𝑅 = 47.3𝐾DP
0.791 0.34 8.4 0.77

5 𝑅 = 50.9𝐾DP
0.827 0.33 8.0 0.78

6 𝑅 = 61.4𝐾DP
0.833 0.27 6.7 0.78

7 𝑅 = 53.4𝐾DP
0.787 0.29 7.4 0.78

NE = 0.39, RMSE = 3.1, and CC = 0.8, and its performance
is much better than that of 𝑅(𝐾DP). In the other two cases
with either only the Changma front or only the typhoon, the
radar rainfall was not in good agreement with the gage. This
was particularly so in Case 3, with RMSE = 24.0mmh−1 even
though it was typhoon rainfall. The difference in accuracy
with each rainfall case was greater than that of 𝑅(𝐾DP). It
is believed that 𝐾DP is less sensitive to the DSD variation
associated with different precipitation types than is the
reflectivity.

Secondly, average 𝑍 and 𝑍DR were calculated for the
rainfall periods in each case (Figure 9). Small raindrops with

𝑍DR less than 1 dB were dominant in all cases, but there
were significant differences in the reflectivity. The 𝑍-𝑍DR
scattering distribution is also different from the general one
in which 𝑍DR increases with 𝑍, and this would affect the
accuracy of 𝑅(𝐾DP). Accordingly, it may be necessary to
calculate the 𝑅(𝐾DP) only for rainfall caused by the typhoon.

4. Summary and Conclusions

Within several years, polarimetric radars will be the main
tools to monitor and forecast severe weather and flash floo-
ding in Korea. To assess the performance of rainfall estima-
tion using specific differential phase observed from the Bis-
lsan radar, the first polarimetric radar installed inKorea, three
rainfall cases were selected for 2011. These were associated
with different conditions: the Changma front and typhoon,
only the Changma front, and only a typhoon.

For quantitative use of 𝐾DP, a data quality algorithm
for differential phase shift was developed. The algorithm
is composed of two steps: the unfolding of ΦDP and the
removal of scattered noise. This order is important to ensure
that areas of folded ΦDP, which are part of the real mete-
orological target, are not removed as noise. All noise was
removed and folded ΦDP were unfolded. This algorithm is
essential for the use of 𝐾DP for many applications such as
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rainfall estimation, hydrometeor classification, and numeri-
cal modeling.

The 𝑅(𝐾DP) relations for S-band polarimetric radar were
calculated using 84,754 samples of observed DSD data with
three different drop shape assumptions: equilibrium shape,
the Brandes drop shape, and the Bringi drop shape. To assess
the performance of these relationships, we compared them
with the results of theMP𝑅(𝑍) relation and𝑅(𝐾DP) obtained
at Oklahoma in the USA.

For Case 1 (the rainfall caused by the Changma front and
typhoon) the values of NE, RMSE, and CC for radar rainfall
determined by 𝑅(𝑍) were 0.54mm, 4.3mm, and 0.82mm,
respectively. Rainfall obtained using the 𝑅(𝐾DP) OKC and
BSChad similar statistics, regardless of the drop shape.Values
of CC and NE determined by 𝑅(𝑍)were better than those for
𝑅(𝐾DP), but the RMSE of 𝑅(𝐾DP) was slightly better. Case 2
showed a similar pattern to Case 1, but the RMSE of 𝑅(𝐾DP)
with EQUdrop shapewas the best of the𝑅(𝐾DP)BSC. InCase
3, 𝑅(𝑍) showed good results in all statistics and the RMSE of
𝑅(𝐾DP) BSC showed better performance than that of 𝑅(𝐾DP)
OKC.

To compare the performance of each relation for heavier
rainfall, the gage rainfall samples with intensity greater than
10mmh−1 in all cases were selected and analyzed. With the
exception of the CC, the results of 𝑅(𝐾DP) improved consi-
derably compared with those of 𝑅(𝑍). The 𝑅(𝐾DP) BSC gave
better results than the 𝑅(𝐾DP) OKC. Of the results from
𝑅(𝐾DP) BSC, the relation using the BRI drop shape showed
the best statistics, with NE = 0.27 and RMSE = 6.7mm.

Finally, quality control of differential phase shift is essen-
tial to obtain reliable𝐾DP, which is an important polarimetric
variable for many purposes. The relation 𝑅(𝐾DP) should be
calculated using a DSD that reflects the characteristics of
the region. Further, since the accuracy of rainfall estimation
is affected by the drop shape assumption, this assumption
should be considered in developing an optimal rainfall esti-
mation algorithm using other polarimetric variables. Altho-
ugh further research is required, the results of this study are
expected to contribute to various fields such as hydrometeor
classification and to improve the operational accuracy of
rainfall estimation from polarimetric radar in Korea.
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