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Quantitative Rainfall Estimation for S-band Dual Polarization Radar using
Distributed Specific Differential Phase
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Abstract

One of main benefits of a dual polarization radar is improvement of quantitative rainfall estimation. In this paper, performance
of two representative rainfall estimation methods for a dual polarization radar, JPOLE and CSU algorithms, have been compared
by using data from a MOLIT S-band dual polarization radar. In addition, this paper presents evaluation of specific differential
phase (k) retrieval algorithm proposed by Lim et al. (2013). Current £, retrieval methods are based on range filtering technique
or regression analysis. However, these methods can result in underestimating peak &, or negative values in convective regions,
and fluctuated A, in low rain rate regions. To resolve these problems, this study applied the k&, distribution method suggested
by Lim et al. (2013) and evaluated by adopting new X, s to JPOLE and CSU algorithms. Data were obtained from the Mt. Biseul
radar of MOLIT for two rainfall events in 2012. Results of evaluation showed improvement of the peak #,, and did not show
fluctuation and negative k,, values. Also, in heavy rain (daily rainfall > 80 mm), accumulated daily rainfall using new K, was
closer to AWS observation data than that using legacy £&,,, but in light rain(daily rainfall <80 mm), improvement was insignificant,
because #,, is used mostly in case of heavy rain rate of quantitative rainfall estimation algorithm.

Keywords : dual polarization radar, specific differential phase, quantitative rainfall estimation
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2.1 M2 A2 =3 (Quantitative Rainfall
Estimation, QRE) ¢1g|&

2.1.1 JPOLE &ae2|&

Ryzhkov et al. (2000)2 A4 JE2] &
7594 2K equilibrium raindrop)ol] 7133+ 74
S /AT o] dnEFL A TPA] ES
A2 59 v)(axis ratio)®} & 7H-I(equivolume) & ZHe
T A e #A| o5 AAET) Fg. 13 20 Z,
£ o] &3] AAEE AtSta AT AT o
gt & A AE o] &gt 9= Eq. (DF 2ol

AHge 4= gl
R(Z)=0.0170(Z"™) 1

714, Z,i= dolde] FRYANE(mm® m™?), RS 2

© &

Eg. ()& o]&3le] AAdd 797 Ee] A7]ol wet 6
mm h~!, 50mm h'E 71522 Egs. (2a)~(20)2 o]&
Sof e Aac

R(Zh7 Z(h') :R(Zh)/(04+50|z(lr_1|lz)

R(K,)=R(K,,) = 44.0|de|0‘8223ign([(;ip)

(20)
(R(Zh) >50mm bt

714, 7= dold e FHMAE(mm S m?), 7,2 4
By upel A ake] 2poljl AHSRANE(dB), K= Yl
25 1AM km ) o]tk

2.1.2 CSU «312|&

CSU €agl&2 t7]4dA #F(hydrometeor clas—
sification) ¢} olF Aol Wgke] WMol wet %
% 242 tE2A 483t Fig. 2= CSU-HIDRO
(Colorado State University-Hydrometeor Identification
Rainfall Optimization)2] 7|54 79k 2o W&
A A dneEs BolFa vk di7|53A] i
of we} HAA(liquid =2 +FE A7F 5o, Z,¢
Zy., K, ©) AAIZE w2t Egs. (3a)~(3d) 9] #AI2)E o
Lato] s ek

R(Zh) = 0.0170(Zh)0,7143

(3a)
(K, <03°km™ ', 4, <38dBZ %, <0.5dB)

R(Z,7,) =6.7x10°(z,)"270 "4
(K, <03°km™', 4, <38dBZ %, > 0.5dB)

R(K,,Z ):90.8(K—dp)o.gslo(fo.wgzd,)

dp? “dr

(3b)

(K, =03°km™", Z =38dBZ Z, =05dB) ()

R(](dp) — 405(1{(1]))085
(K, =03°km™", Z, =38dBZ Z, <0.5dB) (3d)

A, Z,= delde] FENALE(mm® m™?), Z, &
gastel FAHTke] WAE Zpo]Ql AFSHIANE(dB),
K= WIS SR b )olek Fas. (3a) (3o 44
B A5 Gamma DSD WS5e] HERE 7P el
ARl E Fal =% AoleH A W82 Bringi and
Chandrasekar (2001)& 3-31).

(2a)
(R(Zh) <6mmh )
R(Kyy Zy) = R(K,,) /044357, 1) o)
(6mmh ' <R(Z)<50mmh')
R(Z,) (mm h)
0 6 50
| R@)<6 | [ 6<R@z)<50 | [ RZ)>50 |
| R@Z.Za) | | RKgp Za) | | RKyp) |
Fig. 1. Flowchart of the JPOLE Algorithm
HID
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Fig. 2. Flowchart of the CSU-HIDRO Algorithm
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X-l= glojts Az o7 A5 ¢ 7a)7) An g o=
HAsh= HAo] 2ol glom & AFAE olF
A gsto] AHRAS Y3k

Aol A o83 K, o] AH W A ol A
37F B (attenuatlonfcorrected
& 1y, T O1ETE o7IA, F ,,p =74
T A2 (rg) ] 1), 9 X}O]E }D} 75214
HIDRO?] t7]15~3A] &Rl <3 4l -
(noise)2] H](ratio)¢! SNR (signal to noise ratio), s=H ¥
dhef 2] 9 A Wske] BAE F3l v7Y

A =HE FH LA = ATAS(correlation coefficient,
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Lrg;r,,)+0077 7 —1]1(rs 7))
Ay (rg =) =l () =0, ()] (4b)
g r, ) = 0463 f "1z, (dr (4c)
o71A, 7, (r) & Z1H WALl AL B9y AGRA]
20°C 2L3to|A] DSDE H3kA)7|™ Brandes et al. (2004)
9] A& A (drop shape model)S E3f o272 <l 19
=2 F3ste] xEEon 2+ 0763 0018 2835ttt
AARE 7 (r)E okl Eq. B)ol o] g3le] Z = A sl
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Table 1. Geographic and Operational Profiles of the
Mt. Biseul Radar

Type Description

Longitude/Latitude 128.48°E, 36.96°N

Elevation 1,074 m

Scan speed 3RPM

Scan elevation -0.5° 0.0° 05° 08° 12° 16°

Observation range 150 km

Spatial resolution 125 m

Temporal resolution 2.5 min

Beam width 0.95°
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WS (Automatic Weather Station)
FAE o) A Mso] mE
| SFSTE o] AHEL vlEAt o
A= ol A8k A= 16001712 AWS =,
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Fig. 43 20124 89 232 0010 KSTell tj&k elle]t] =
BE EAIRE ot oA AWRE vke ol K = 4y,
kel Har AAtelH, vlEAt glolr ] Aaxe el A
o= #AAs M (least square fit) #-83to] K & A4
Sl Vaisala, 2013). =, Fig. 4(e)oll A EQX]‘— 719
K= Fig. 40)9] v, 25H A Zoluwg o]9h fAl
3 BYE Holx 9t} ey Figs 4(a) and 4(c)2] ¥+

AbE 3”01]/‘1 gRl% = 2 o] WFo] Agh A9

ol 3l 1, ﬂwwu} olo] H]3
ol oa 243 Fig. 4(f)oll A= o]2]dt n] 714l
ol o3l K, & AbdEkA ek Ae seld 4 glek
o] K, 2% K7} dlols we} ojm g Alols
AES7] 93 oy TExlae] 2o gold
o] LR ulels wAElT) Fig. 5¢ Fig. 4
T A7k¢] 2012 89 23 0010 KSTell #H9jzt
24200 N B5E Z,, by, K0 2 Aol AR
£, °] o] Zzsieloltt,

Fig. 5@)2] 7, Wkt & #1994 v, (Fig. 5(b) E3

W 12 & 12 [-tt
EE

e

©

Z
}

L % o
e
Om i

(A
e r°1' J‘N'
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ol

kilometers F43] Hale AS & 7 9\)\9—‘34 olof wjz} 7)Ee] HE]
Fig. 3. The location of the Mt. Biseul radar and AWSs g ow e K (Fig. 509 Ad)e &9 a=
Table 2. The List of AWSs Depicted in the Fig. 3
Station ID Name Station ID Name Station ID Name
137 Sangju 295 Nambhae 846 Seo-gu
143 Daegu 809 Daedeok 848 Geumcheon
192 Jinju 810 Seongju 853 Palgongsan
263 Uiryeong 812 Goryeong 872 Jirisan
264 Hamyang 813 Cheongdo 901 Ulgi
281 Yeongcheon 822 Gimcheon 905 Sangbuk
284 Geochang 826 Sinnyeong 919 Changnyeong
285 Hapcheon 827 Gyeongsan 935 Cheongdeok
288 Miryang 834 Hwaseo 937 Haeundae
289 Sancheong 841 Hwabuk 945 Daebyung
(source: Korea Meteorological Administration)
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Fig. 4. PPI Products at a -0.1 Degree Elevation on 0010 KST 23 August 2012. (a) uncorrected reflectivity,

(b) corrected reflectivity, (c) differential phase, (d) correlation coefficient, (e) legacy specific differential
phase, and (f) new specific differential phase
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Fig. 5. An Example Ray Profile for the 242° Azimuth at a —0.1 Degree Elevation on 0010 KST 23 August 2012
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Fig. 6. Daily Accumulated Rainfalls using Maximum Value of the Estimated Rainfall for -0.5°, 0.0°, 0.5°, and

0.8° Elevations on 15 Jul 2012
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7ol A7)e wet EREo =M W wE - 54
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7y dags 8K, AP el whet FAE A
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Egs. (7) and (8)Z} o] 4Hdgic)

MAB==31/0,~ 5 )
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Table 3. Statistics for Accumulated Daily Rainfalls according to Quantitative Rainfall Estimation Algorithms
and g, Estimation Methods

JPOLE algorithm CSU algorithm

o | aws o r:ﬁr?fcéll MAE (mm) RMSE (mm) MAE (mm) RMSE (mm)

(mm) legacy new legacy new legacy new legacy new

Ky, Ky, Ky, Ky, Ky, Ky, Ky, Ky,
1 810 75 0.4 0.6 0.6 0.7 0.9 0.9 1.1 1.1
2 263 8.5 0.4 0.4 0.5 0.6 1.1 1.1 14 14
3 834 12.0 1.6 1.3 1.7 14 3.3 2.9 35 3.0
4 919 13.0 1.7 1.3 1.8 15 35 35 3.8 3.8
5 284 135 0.7 0.9 1.0 1.2 3.3 3.3 4.0 4.0
6 810 14.0 0.9 0.8 1.2 0.9 2.8 2.8 3.3 3.3
7 264 145 2.8 2.0 3.1 2.2 4.9 4.9 55 55
8 935 155 7.2 7.6 8.2 8.6 6.1 5.3 7.1 6.2
9 813 17.0 3.6 3.6 4.0 4.1 6.0 5.8 6.8 6.6
10 289 17.0 10.6 124 14.0 16.2 7.2 7.3 9.7 9.9
11 288 175 0.4 0.8 0.5 1.1 2.2 2.6 2.4 2.8
12 827 185 8.8 104 9.9 11.8 4.5 5.7 5.2 6.5
13 945 185 1.9 0.9 2.3 1.0 4.0 3.6 4.6 4.0
14 192 19.0 2.5 2.7 2.6 3.9 4.3 3.3 5.6 4.0
15 810 20.0 3.5 3.8 3.9 3.9 4.4 2.5 4.9 2.6
16 295 20.5 4.3 35 4.4 3.6 6.4 6.5 6.7 6.8
17 812 215 15 1.9 1.7 2.2 5.8 59 6.5 6.6
18 285 215 6.0 5.4 6.5 5.8 8.4 84 9.0 9.0
19 809 23.0 15 5.0 1.6 6.1 2.7 2.4 2.8 2.6
20 846 235 4.3 3.7 45 3.9 6.0 6.0 6.3 6.3
21 822 295 1.3 5.0 15 5.6 0.8 0.7 0.9 0.9
22 822 29.5 1.8 1.0 2.3 14 3.9 3.9 4.7 4.7
23 853 30.5 6.3 8.3 6.9 9.3 11.3 11.8 12.5 13.2
24 872 32.0 5.0 3.1 5.4 3.3 6.6 7.0 7.1 75
25 143 325 8.4 7.3 8.9 7.7 11.1 10.9 11.8 11.6
26 810 37.0 6.4 9.3 6.9 9.7 2.1 1.6 2.6 2.0
27 841 39.0 55 3.3 5.9 4.2 10.9 9.7 11.5 10.1
28 826 415 6.1 3.7 6.4 3.8 10.8 10.0 11.2 10.4
29 281 475 2.9 3.4 3.6 4.3 5.8 6.1 7.4 7.8
30 937 485 2.0 0.9 2.2 1.2 3.7 3.7 5.0 49
31 848 52.0 2.2 8.7 2.8 9.8 2.7 3.4 3.3 4.2
32 848 525 14.3 11.3 16.9 13.4 19.0 17.0 21.9 19.6
33 288 52.5 9.3 9.6 11.9 12.2 12.8 12.8 16.3 16.2
34 809 53.0 21.1 20.7 23.0 22.6 26.2 26.2 284 284
35 834 56.0 8.7 6.6 9.3 7.7 14.9 12.8 15.8 13.7
36 905 70.0 6.5 5.3 7.7 6.4 10.9 10.1 13.5 12.6
37 192 70.5 2.3 2.4 2.6 2.7 5.6 6.6 6.5 8.6
38 263 705 3.8 4.8 4.3 5.4 6.8 9.6 8.1 11.2
39 813 73.0 8.0 85 9.6 10.3 11.7 11.6 14.4 14.2
40 905 75.0 14.8 13.8 19.2 17.8 18.8 19.2 239 24.6
41 284 83.5 14.8 14.8 179 18.1 20.2 19.9 244 24.1
42 826 85.5 11.4 9.1 13.8 11.1 16.2 16.3 19.9 20.0
43 295 875 3.4 3.2 5.2 4.5 6.3 6.7 9.5 10.2
44 919 88.0 15.2 14.1 19.8 18.0 17.8 17.1 22.9 22.1
45 841 89.5 19.2 14.3 23.6 17.5 6.1 4.3 7.4 54
46 264 90.5 9.3 6.4 12.4 8.1 13.2 11.7 17.7 15.5
47 901 92.0 13.3 13.1 20.1 19.4 15.3 155 23.0 23.1
48 853 94.5 4.2 5.1 4.7 5.6 12.6 13.5 15.2 17.1
49 827 110.0 19.8 185 24.0 22.3 26.3 255 32.0 31.0
50 281 129.5 26.2 26.5 31.3 319 34.6 324 42.1 39.4
51 143 146.0 4.3 2.5 5.4 3.6 11.2 8.3 14.6 10.7
52 289 154.0 27.2 35.6 329 43.3 40.8 43.8 49.7 53.3
53 935 171.0 29.9 25.3 35.9 29.8 375 36.4 45.2 43.6
54 901 174.0 339 25.7 379 29.5 46.2 40.6 51.9 459
55 846 1775 35.7 33.8 42.3 40.1 35.4 38.0 42.3 45.7
56 937 179.0 36.0 26.9 41.2 30.2 34.7 259 39.0 29.0
57 872 182.0 41.9 40.9 51.1 50.9 51.1 50.5 63.2 62.9
58 812 196.5 19.6 16.3 23.2 20.8 30.3 249 36.4 30.3
59 285 205.5 11.2 14.5 14.1 17.6 17.8 3.9 22.6 4.9
60 945 211.0 7.2 59 8.8 6.8 17.7 12.8 20.7 15.3
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of AWSs and Radar Based Rainfall
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