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Abstract: In this paper, the method of QPE based on Z,; and K[ R(C) method] is improved, and &pp of
Guangzhou S-band dual polarization radar during two squall lines and two typhoons in 2016 is filtered by
wavelet analysis, and then Kpp is estimated by ®&pp in 1. 5—4. 5 km resolution. The rainfall of the squall
lines and typhoons is estimated by R(C) and R(Zy) methods, and the estimated result is compared with
the hourly rainfall gauge. In addition, the evaluating results of R(C) and R(Z;;) methods are compared to
each other. The results show that (1) for squall lines, R(C) is better than R(Z;;) when the rainfall rate is
higher than 5 mm « h™'. The higher the rainfall rate is, the more obvious the advantage of R(C) will be.
When the rainfall rate is higher than 20 mm « h™ ', the average RE decreases by 17. 2%, the average AE
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decreases by 1. 89 mm, and the average RMSE decreases by 1. 66 mm. (2) For typhoons, R(C) is better

than R(Z;;) when the rainfall rate is higher than 5 mm « h™'. When the rainfall rate is higher than 20 mm « h™',
the average RE of R(C) is 33. 1% lower than that of R(Z};), the average AE is reduced by 3. 95 mm, and
the average RMSE is reduced by 4. 05 mm. In general, R(C) could solve the underestimate problem exist-

ing in R(Zy) method. However, R(C) could also underestimate the precipitation when the rainfall rate is

higher than 10 mm « h™'.

The possible reason is the small value of the coefficient fitted by the raindrop

spectrum data because of the observation error or the observation error caused by the radar hardware.

Key words: quantitative precipitation estimation (QPE), wavelet analysis, combinatorial method, specific

differential phase shift, S-band polarization radar, squall line, typhoon
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Matrosov et al, 1999; Ryzhkov et al, 2014),
YL RS- 25 (2002) ff ] C i By WU 4R B 35 19 Z.
Zow Ko Kop 55 =A™ i 9 1 S 18 3 7K 5t BE R A8 75 7K
L ARRW]  Zox S Kop 5200 15 22 AL Y52 W 52/ BE
i A - b 5 3 A 7K RS % K B R) I S 8
K pp BRI 58 22 068 XAl 41 75 325 Al 11 B3 7K 5% 22 10 D)
EH AR WIERESE (2008) Fl Hu et al(2012)
3BT T COX O Bk i 4i 7 3K A W) B 980T 1E U7 12
PR B T Zu s Ko W51 9% 1 AH 25 & BE 1% iF
— D B Al I K BRE BE L IE X R (Kop) KR 5 1%

8t R(Zy) K ZAG MR K (8 BE AT T 8. BRIR
45 (2016) M B 3h 20 C 7 BEXUi 4iR 7 38 5K 32 1
TARAHY C i Bl 4 B 35 040 b 38 7 58 . (8 ]
BT Zu Kop WA T X 2013 48 6—7 H 3 K%
K gk R AT R KA R Ay AL AR 2 R K R
>5mm e h 'L HGITEE T R(Zw) s HFEKR
<5 mm -« h "B G HIERAK R(Zy) B2,

AR Kop 7658 2 K KA I AR oA AR R
B2 T Kop s 1 op £l 5375 2 s 500K B 1 3%
5% Drp I FIAG 577 15 9 52 e, A S B O U A
Dop 3 0I5 R GEA B W FI AR B9 5 H AR 3
SRR PR SRS PZEAG T Kop i
B EEX Qo HEAT AL HL . [ N S 20 S (E DR U
TEAR 8 P A PR v s i W (finite impulse response,
FIR) %5 J5 i X @pp 42 1] BE 84 JE 47 U8 3 4L 3 (Hub-
bert and Bringi, 1995; & & & 28, 2011), # K%
(2016) 5 FH /N i 0 A7 35 b B2 Dop 428 1] B3 BL, 25 R 3R
B2 078 AT LA SO0 B @op A7 TE 19 MR 75 75 32 5
Dop B 45 S5t 10 5] I 0] LAPRAF R I AT R0 B

HAET. T AECELHEZH S BB i 15 15
(5538 47 - 100 PR X S I B XU IR 1 55 25 3k E
BRI FE 38 H A0 O 38 93 45 0 i 4k 7 35 1E
SiR A 7 T A 0l 55 R A S 2 O XM AR R A
BORME & 1 B /K Al DU o iy B T 28OR 3547 23 B L 7E 52
e v B AR XA B X ) QPE T vk AT el A
e AT M S P B IR M 55 7 3k CF 3
FETRR T B 38D BB X Pk i 1Y B K A B B e A2 1)
OB AT IR I AL B S 5 A B Kop B 76 X 3T
Zy M Kpp AL A T 75— B RCO) 3047 202t iy 5
it b 23 B RCO) A R(Zy) 3% Pk 1) 2016 4
2 WL A 2 R & KR 7K G A8 04T 28 5 K Al 5
FERT A Ao T R R KA B30 VR Y 4 SR AT DA A
Xf b g



M #%E . CINRAD-SA XU 55

K % AE B AR I R 4 AT 4 115

I

JTINER IR T 2016 4F 5 H IR 4R 1E RGBS 4T, 0 A
O ROR AL Tk HA F SRR 1. 1
R AT S 7 M T 38 T UK B R B 7 2,
Z W AR VS5 W = A I B 3k A [
B IR S i, [ i 3 ] AR 2 o RS 6 I F Zog 3
FEZALRE AR Dop FIE G 5 A DG R AL o, (00 55 XA
Pt . A SO TR IR R )N IS 2016 4R
TR 2 WL R K 3 A Gt 12 b A 2 & KRS
KRR (ATt 25 b R BB CREAN R 2L 9 A
FHEF 6 min),

AR A SCHERL A BTTUS QPE 3¢ 2 & 30 (]
T OTT MM REAAET ZR FHIT.(21. 84°N 111, 98°E)
A UL Bk A AR A LS 2014 AFE 4 H 27 HE 6
H 11 H 4 2272 min /9§ 3 3% 5086 7L A & X
QPE X RZRZFBI BT 7 A4 (R Pz 4k e
J VB A E MDD OTT f1 3 M (E K. 2.
V) BB 3 VR 15T 2016—2017 AR5 A2 R 1Y 5
AE R (1604 SR EH 1622 H g T 1707 53 54 .
1713 25 RAGF 1714 S ) 3 15054 min 194 5L
LI K5 305 5 7E UEAT A R B KR DA B T AR
B 2l il /N B U0 ) W R

x1 ITHEZREESH

Table 1 The main technique parameters of Guangzhou Radar
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1 2016 4F 4 H 13 H 06 W} 0. 5°0 A1 i) B 3 () ARES 2 (b) FAR &S PR 51 25 5 (o)
(M9 : GC/ AP ; 4= 9 81 9k sl W 25 F1 % . BS; F%5.DS; {85 . WS; UK i : CR;
B :GR; KA :BDs/NEh R RA; KR HR 5 B+ 8 :RHD
Fig. 1 The reflectivity (a). specific differential phase (b) and HCA results (¢)
of 0.5° elevation at 06:00 BT 13 April 2016

(ground object: GC/AP; biological echo or clear-air echo: BS; dry snow: DS; wet snow: WS; ice crystal: CR;

graupel: GR; big raindrop: BD; light to moderate rain: RA; heavy rain: HR; rain+hail: RH)
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ZZ B (Zhang et al,2018) , R G R W% 2 or
/R BRI ORI  R(Zy) — Zy FIR(Kpp) —
Kop HUSFIUA fZe i 2 s
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Table 2 The QPE coefficient of the pre-flood
season fitted by raindrop spectrum data

i 507 A a RHD
R(Zw) 0.0082 0.749
R(Kpp) 31.5843 0.9108

Ay EME ] R(Z) AR (C) J7 ¥ % 5 Y RE 28 5
PP BERNR AT T QPE 35, I X545 R i A
Sk /NI T B % B L T AE . RE.BIAS fl RMSE g
Flv 77 4 R AT PEAL o B3 43 A 45 0 T 2K e £k i B

180

(b)

K.,/ - km™

DF

B2 BRI NI IS S B R(Zw) — Zy () il R(Kpp) — Kpp (b) H s AL 4 il 26 &
Fig. 2 Scatterplots and fitting curves of R(Zy) — Zy(a) and R(Kpp) — Kpp (b)

of raindrop spectrum in pre-flood season

112 113 114 115°E

112 113 114 115°E 112 113

R(Z,)

114 115°E 112 113 114 115°E
3 2016 44 F 13 H 06 i Ca; »by s F 17 H 21 [ Cay o by s ) W RESEE () MU FF QPE J5 /Nt (b, o) T it 811
Fig. 3 One-hour gauge rain accumulations (a) vs their estimates from two different QPE algorithms (b, ¢)

in (a;,b;,c;) at 06:00 BT 13 and (a, by ,c,) 21:00 BT 17 April 2016
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Table 3 The QPE error statistics results for 13 April 2016

WA R B
PNaRuR 5% /mm « h™! R(Zw) RO
RE/% BIAS AE/mm RMSE/mm RE/% BIAS AE/mm RMSE/mm
=1.0 42.17 0.83 4.74 6.97 44.01 0.93 4.42 6.50
=5.0 36.07 0.79 6.09 8.05 33.33 0. 89 5.50 7.42
4 H 13 H 04—09 B
=10.0 32.08 0.76 6.92 8. 74 30.73 0. 87 6. 28 8.21
=20.0 31.56 0.72 8.85 10. 77 26. 89 0. 84 7.49 9. 65
F4 20164817 HQPEREZITER
Table 4 The QPE error statistics results for 17 April 2016
VAT B
KL MR /mm « h™! R(Zn) R(O)
RE/% BIAS AE/mm RMSE/mm RE/% BIAS AE/mm RMSE/mm
=1.0 52.17 0. 89 3.90 5.91 57.26 1.05 3.70 5. 44
4 H 17 H 20 B & =5.0 42.39 0.83 5. 16 7.09 40. 26 0.98 4.61 6.31
18 H 01 H =10.0 36. 30 0.75 6.50 8.27 31.35 0.92 5.42 7.13
=20.0 38. 86 0.63 10. 84 12.44 31.21 0.82 8.42 10. 25

ANEFRI 1 h RIFREK AL 3R 3 FIER 4 43 B4
TR R 45

JE 28 3 R A K — i 3 o T 28 L — IS i 2 T
Xof Y M SR AR 7K 3 DX B 2 A A R R S ) R X A R
A s I A —ZR 2k 3 5% 5 6 L 1Y 2 B 802 BUR &
FE7K . MR La Fi1 1b 350 DAY 067 & R 28 A 5% ] 38
A 0 I 0 118 R 6T 553 TR J8E X 7 R 28 DXk [ 9 5 R e
FRTE 60. 0 dBz DA b, 78 5 JE [0l i X A1 60. 0 dBz X
N7 ) 5 T 38 X, #0530 T VKB AH A I R K AN Le
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Table S The QPE coefficient of the typhoon
fitted by raindrop spectrum data

RS FHa RH0
R(Zw) 0.0603 0.5874
R(Kpp) 33.6142 0. 8332
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Fig.5 Same as Fig. 1, but at 04:00 BT 2 August 2016
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Fig. 7 Same as Fig. 3, but for the situation at 07:00 BT 2 August (a;, b;, ¢;) and
14.:00 BT 21 October (ay, by, c;) 2016
F6 “RIE"QPEREZITHER
Table 6 The QPE error statistics results of “Nida”
AL 25 R E
RAGSH 5% /mm « h™! R(Zw) RO
RE/% BIAS AE/mm RMSE/mm RE/% BIAS AE/mm RMSE/mm
=1.0 41.12 0. 66 3.82 5.18 41. 29 0.8 3.32 4.61
=5.0 39.27 0.62 4.79 5.97 34.74 0.77 3.99 5. 16
8 A 2 H 03—18 if
=10.0 41. 24 0. 60 6.68 7.59 32.94 0.75 5.12 6.33
=20.0 44,23 0.56 10. 88 11.66 30. 88 0.72 7.54 8. 81
7 “BE'QPEREZRITHER
Table 7 The QPE error statistics results of “Haima”
Al 45 - 4 {8
KA M8 /mm « h™! R(Zw) R(O
RE/% BIAS AE/mm RMSE/mm RE/% BIAS AE/mm RMSE/mm
=1.0 37.96 0.7 3. 11 4. 27 40. 24 0. 85 2.85 3.89
=5.0 35.69 0.65 3.95 4.99 33.38 0. 80 3. 44 4.4
10 H 21 H 12—20 m}
=10.0 41.19 0.59 6.02 6. 84 33. 30 0.76 4.72 5.61
=20.0 42. 26 0.57 11.59 12. 83 27.03 0. 81 7.03 7.58
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