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Abstract One of the important application of polarimetric Doppler weather radar is quantitative precipitation estimation (QPE).
Polarimetric radar detects reflectivity (Zy), differential reflectivity (Zpr) and specific differential phase (K,), all of which are closely
related to precipitation particles. Four commonly used QPE methods include Zy-based R(Zy), Zy-Zpr-based R(Zy, Zpr), K4p-based
R(Kyp) and Ky-Zpr-based R(Ky, Zpr) methods. Based on the observations of Shenzhen S-band and X-band polarimetric radars as well
as the high-resolution elevation data and the disdrometer data, the QPE method based on polarimetric variables is presented. First, the
blockage information of the two radars is analyzed, and the hybrid tilts of the two radars are generated based on the elevation data and
locations of the radars. The parameters for the above 4 QPE methods suitable for Shenzhen are then calculated with disdrometer
observations using the T-matrix method. Finally, the blend method of QPE is proposed to use different QPE methods based on the
intensity of polarimetric signals (i.e. K4, and Zpg). The performance suggests the accuracy and stability of the blend method is better
than any of the single QPE method. The QPE products of Shenzhen S-band and X-band radars are generated with the QPE method
proposed in this paper, and their performances are evaluated against operational QPE products. Results suggest that the QPE products
generated by the method proposed in this paper are better than operational products both in accuracy and stability. Besides, the
performance of this method is slightly better for X-band radar than for S-band radar, suggesting that the utilization of high-resolution
X-band radar can improve the accuracy of QPE. However, due to the uncertain relationship between polarimetric signals and rain rate
in the melting layer and ice region in the radar scan domain, the QPE method proposed here can only be applied to liquid rainfall
region of the radar scan domain.

Key words Polarimetric radar, Quantitative precipitation estimation (QPE), Raindrop size distribution
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(Z9755) and X-band phase array polarimetric

radar (ZSEO1) in Shenzhen
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Fig. 1 Locations of rain gauges (white hollow circle) and

disdrometer (white star) in the ZSEO1 radar scan domain
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Fig.3 Hybrid tilts of radars (a. Z9755 radar, before manual adjustment, b. Z9755 radar, after manual adjustment,

c. ZSEO01 radar, before manual adjustment, d. ZSEO1 radar, after manual adjustment)
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Table 2 Parameters of QPE method for S-band and
X-band radars obtained from disdrometer
observations
IR B FHKR a b ¢
R(Zy) 0.0055 0.855 -
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Fig. 5 Scatter plots of frequencies of 1 min rain rate observed by disdrometer versus different QPE results using the S-band
radar observations and parameters listed in Table 2 (a. R(Zy), b. R(Zy, Zpg), ¢. R(Kgy), d. R(Kgp, Zpr))
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Table 3  Statistical indexes of hourly rainfall

observed by rain gauges versus different QPE

results using the ZSEO1 radar

R P cC RMSE RMAE RMB
R(Zy) 0.863 5.161 0.778 ~0.633
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Fig. 14 Estimated hourly rainfall during 15: 00—16: 00 UTC 5 June 2020 (a. operational product, b. Z9755 product, c. ZSEO1

product; Locations of rain gauges (circles) and hourly rainfall observations of rain gauges (color-filled circles) are superposed)

THAHERS L FIARE IR o BeAh, X P BETR 187 R 1Y E
KA T S REEEL T S B BETR I A A
ity 120 i W 3 e 7 3k i B HG R T A e X BN TR
35, AT AR R0 3 S R R KA T B HER B . (A
TR AR, BOR X OB IR E B KA T
PRRIL T S P B 3k 5E 1k Bl ™ i, (HE 2
B FE ¥ AN R B X — B T2 Al o i IR By, n]
REA LT LR A 1 23 75 o 5 B K A 3 RE Y

P2 Tk XU BEAN S i B vl ik WL AR 5 1 A, X
5 IA A SRR RE P LD K AR o A B 7
VEA O X B S I B 7R GK N ) 23 B R 25
X B I TR AR R B TR Ok, I (E] 3 Bk R 2 A
o, f T PR RS gl R B B K R GE, 5 T I
U X P B S BB IR A (8] 2 HER Y 25 57, X BB
TR W B, X T ROK RGUE T B
G o



802

4 EEHTHE

SCR BT T T U R 0 Ik R R KA
T AR R B A b . TR IR RN i B R
K B M08, 30 T B s AR O, IR EE AT
KIE B HE Al 1, BB T & A F A 0 £ R
TR, JEF TH Rk, it 8] 7 iE HF I
Hh DX F S I Be Rl XU B T IR A5 R K BT DG R I 2
B L5 A T T4 R 8 000 S A R K R T G
F IS, IR G B SO ik R T A R
KAGTY o ZITES S T 4 BEK R SR WL, F
FH 12 A BEARA B, i et o0 B 3R W1, IR A R 7K R
T 7 3 W P RS T IR T B — R K R T O R
(EENNE

B Z T, BT RIS ik B iy B e PR
Z9755 T ik DL K XU B i) 3 U0 R AH 45 B ZSE01
ik, PR TS B XUk B TR A 8 B B OK AR
fre A 12 AN 5 B 55 5 a1 B KA T =
AT OB VP AL o A5 SRR, % 7 R W
79755 F1 ZSEO1 B ik i 5 B KAl T 7 i Lo o
FRS e PR B0 T B Mk 55 28 1t BRIk Af 1177 5, W]
it FH SC b B B A B 38 A B R OK AL T 7 L R e AR
FE AT R M AR R KA T MR . A,
ZSEO1 7 i Ve e ZEmg L T 29755 T RE, ud B A H
X U B v IR AT E R BEOKAG T, T BE AT AR X
MK T HER . B FARMFR R T —
X BB TR IA A — S BB T IL, X —Z5 e e mH
AEIENE, H X B IR R 1Y = FEK A T fE
PETHIE B T WG 5 B iy, B0 H s i, =
PRI BN A, WSS . b
Ab, T IR TN, T K XA 2 R
AKRLF XU I -5 [ 7K 3R 1 O ZR i AN B, T DAAR
T B ANGE T A B 2k AT DA T A B K DX
1728 TR KA .

U A1 T 3 JUT L0 381 11 U P I 2 -5 B8 AKORE F
MR RN U AR O, FI ] BUR 41 75 18 #E17 E
KA TR 5 B B KA T MEAR L ARk,
r D RUfR 4 T 3k 0 T OE AR B A T R, RERILT
XoF J A Ml 55 B g i B I8 AT TG ek, DA KA 15
T30 T ORS 20 AR R KOOI B X i B OBUfRR IR /)N B TS TR
oo AWEIE TAE AT DL A H U P K AR 8
I H T i B KA T4 i T A Al RO

Acta Meteorologica Sinica K54  2021,79(5)

S Xk

R, EBOR, XBF-AE. 1997, SR n P T ik B A 4387, LG4k,
55(1): 103-109. Chu R Z, Wang Z J, Liu L P, et al. 1997. Preliminary
analysis of rainfall estimate utilizing dual linear polarization radar. Acta
Meteor Sinica, 55(1): 103-109 (in Chinese)

A, XIBF, BRI, 2013, WMk 25 W 5 Ik BORL Ui 4017, %
“#4, 71(1): 146-158. Du M Y, Liu L P, Hu Z Q, et al. 2013. An
analysis of dual-linear polarimetric Doppler radar data quality. Acta
Meteor Sinica, 71(1): 146-158 (in Chinese)

HARE, BZR I, VEBESE. 2006, XULR it 20 ) 5 1k K HARME AR BRI, )
R34, (4): 12-16. Hu S, Hu D M, Wang Y, et al. 2006. Dual linear
polarimetric Doppler radar and the applications of the detection
technology. Guangdong Meteor, (4): 12-16 (in Chinese)

SETETE, ZEN L, 2R NIAE, 2018, C W BOMU IR 28 9 R R ISR T
R A5 B Al B K b 8 BE T, S R 2441, 34(4): 460-471.
KouLL,LiY C, Chu Z G, et al. 2018. C-band dual-polarization Doppler
weather radar data analysis and its application in quantitative
precipitation estimation. J Trop Meteor, 34(4): 460-471 (in Chinese)

ML, SRIRS, B EORAE. 2020, ARISRBEIRXNAL 2= 5 S BB IR H F 1k 0L
WAy HT. 4, 46(1): 63-72. Lin W, Zhang S S, Luo C R, et al. 2020.
Observational analysis of different intensity sever convective clouds by
S-band dual-polarization radar. Meteor Mon, 46(1): 63-72 (in Chinese)

Eh sy, BREIET, 4= BUB 45, 2019, LR MLITE X DBOWEL ik 28 R <
IR LA EREATRS Bt A Th R, SR, 77(3): 516-528. Ma
Jianli, Chen Mingxuan, Li Siteng, et al. 2019. Application of linear
programming on quality control of differential propagation phase shift
data for X-band dual linear polarimetric Doppler weather radar. Acta
Meteor Sinica, 77(3): 516-528 (in Chinese)

BRIR, AR, XIBET-A8. 2016. C BB M 2 1 B A 3 1% 76 ek A i
PN R A, 35(1): 231-243. Wei Q, Hu Z Q, Liu L P, et al.
2016. C-band polarization radar data preprocessing and its application to
rainfall estimation. Plateau Meteor, 35(1): 231-243 (in Chinese)

P H I, T, PRBEHESE. 2012, B3l X B BON Lk R 23 # KTk 0
RS 50408 o4 P 7 R4, 31(1): 223-230. Xiao Y J, Wang B,
Chen X H, et al. 2012. Differential phase data quality control of mobile
X-band dual-polarimetric Doppler weather radar. Plateau Meteor, 31(1):
223-230 (in Chinese)

Wt FRIGE N , A% 2020, VI b X — UK VRS 3 2 10 XUk Al 41 5 32 0L 43
Br. K% %4, 78(4): 568-579. Yang I, Zheng Y Y, Xu F. 2020. An
analysis of a hail case over the Yangtze and Huai River Basin based on
dual-polarization radar observations. Acta Meteor Sinica, 78(4): 568-579
(in Chinese)

TR, BN, BEACSE. 2018, WU AR 228 1) 0 R SRR LS v .
db st K4 AL, Zhang P C, Wei M, Huang X Y, et al. 2018. Dual
Polarization Doppler Weather Radar Detection Principle and Application.
Beijing: China Meteorological Press (in Chinese)

Brandes E A, Zhang G F, Vivekanandan J. 2002. Experiments in rainfall


https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.3969/j.issn.1007-6190.2006.04.003
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006
https://doi.org/10.7519/j.issn.1000-0526.2020.01.006

gk W BWIYIS BB Xk BOSUR PR T 1k A 2 2 KA T H G R 803

estimation with a polarimetric radar in a subtropical environment. J Appl
Meteor Climatol, 41(6): 674-685

Bringi V N, Chandrasekar V, Hubbert J, et al. 2003. Raindrop size distribution
in different climatic regimes from disdrometer and dual-polarized radar
analysis. J Atmos Sci, 60(2): 354-365

Chandrasekar V, Bringi V N. 1988. Error structure of multiparameter radar
and surface measurements of rainfall Part [ : Differential reflectivity. J
Atmos Ocean Technol, 5(6): 783-795

Chandrasekar V, Bringi V N, Balakrishnan N, et al. 1990. Error structure of
multiparameter radar and surface measurements of rainfall. Part Il :
Specific differential phase. J Atmos Ocean Technol, 7(5): 621-629

Chen G, Zhao K, Zhang G F, et al. 2017. Improving polarimetric c-band radar
rainfall estimation with two-dimensional video disdrometer observations
in eastern China. J Hydrometeorol, 18(5): 1375-1391

Chen H N, Chandrasekar V. 2015. The quantitative precipitation estimation
system for Dallas—Fort Worth (DFW) urban remote sensing network. J
Hydrol, 531:259-271

Cifelli R, Chandrasekar V, Chen H N, Johnson L E. 2018. High resolution
radar quantitative precipitation estimation in the San Francisco Bay Area:
Rainfall monitoring for the urban environment. J Meteor Soc Japan, 96A:
141-155

Giangrande S E, McGraw R, Lei L. 2013. An application of linear
programming to polarimetric radar differential phase processing. J Atmos
Ocean Technol, 30(8): 1716-1729

Matrosov S Y, Cifelli R, Kennedy P C, Nesbitt S W, Rutledge S A, Bringi V,
Martner B E. 2006. A comparative study of rainfall retrievals based on
specific differential phase shifts at X-and S-band radar frequencies J
Atmos Ocean Technol, 23(7): 952-963

Rosenfeld D, Ulbrich C W. 2003. Cloud microphysical properties, processes,

and rainfall estimation opportunities// Wakimoto R M, Srivastava R.

Radar and Atmospheric Science: A Collection of Essays in Honor of
David Atlas. Boston: American Meteorological Society, 237-258

Ryzhkov A V, Zmi¢ D S. 1995. Comparison of dual-polarization radar
estimators of rain. ] Atmos Ocean Technol, 12(2): 249-256

Ryzhkov A V, Schuur T J, Burgess D W, et al. 2005. The joint polarization
experiment: Polarimetric rainfall measurements and hydrometeor
classification. Bull Amer Meteor Soc, 86(6): 809-824

Sachidananda M, Zrnic D S. 1986. Differential propagation phase shift and
rainfall rate estimation. Radio Sci, 21(2): 235-247

Seliga T A, Bringi V N. 1976. Potential use of radar differential reflectivity
measurements at orthogonal polarizations for measuring precipitation. J
Appl Meteor Climatol, 15(1): 69-76

Tang L, Zhang J, Qi Y, et al. 2013. Non-standard blockage mitigation for
national radar QPE products//36th Conference on Radar Meteorology.
Colorado Ballroom Foyer: American Meteorological Society

Thompson E J, Rutledge S A, Dolan B, et al. 2018. Dual-polarization radar
rainfall estimation over tropical oceans. J Appl Meteor Climatol, 57(3):
755-775

Tokay A, Petersen W A, Gatlin P, et al. 2013. Comparison of raindrop size
distribution measurements by collocated disdrometers. J Atmos Ocean
Technol, 30(8): 1672-1690

Tokay A, Wolff D B, Petersen W A. 2014. Evaluation of the new version of
the laser-optical disdrometer, OTT Parsivel. J Atmos Ocean Technol,
31(6): 1276-1288

Wang Y D, Cocks S, Tang L, et al. 2019. A prototype quantitative
precipitation estimation algorithm for operational S-band polarimetric
radar utilizing specific attenuation and specific differential phase. Part
1 : Algorithm description. J Hydrometeor, 20(5): 985-997

Waterman P C. 1965. Matrix formulation of electromagnetic scattering. Proc

IEEE, 53(8): 805-812


https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(2003)060&lt;0354:RSDIDC&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007&lt;0621:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/JHM-D-16-0215.1
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.2151/jmsj.2018-016
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/1520-0426(1995)012&lt;0249:CODPRE&gt;2.0.CO;2
https://doi.org/10.1175/BAMS-86-6-809
https://doi.org/10.1029/RS021i002p00235
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/JAMC-D-17-0160.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-13-00174.1
https://doi.org/10.1175/JHM-D-18-0071.1
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(2003)060&lt;0354:RSDIDC&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007&lt;0621:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/JHM-D-16-0215.1
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.2151/jmsj.2018-016
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/1520-0426(1995)012&lt;0249:CODPRE&gt;2.0.CO;2
https://doi.org/10.1175/BAMS-86-6-809
https://doi.org/10.1029/RS021i002p00235
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/JAMC-D-17-0160.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-13-00174.1
https://doi.org/10.1175/JHM-D-18-0071.1
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(2003)060&lt;0354:RSDIDC&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007&lt;0621:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/JHM-D-16-0215.1
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.2151/jmsj.2018-016
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/1520-0426(1995)012&lt;0249:CODPRE&gt;2.0.CO;2
https://doi.org/10.1175/BAMS-86-6-809
https://doi.org/10.1029/RS021i002p00235
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/JAMC-D-17-0160.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-13-00174.1
https://doi.org/10.1175/JHM-D-18-0071.1
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(2003)060&lt;0354:RSDIDC&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007&lt;0621:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/JHM-D-16-0215.1
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.2151/jmsj.2018-016
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/1520-0426(1995)012&lt;0249:CODPRE&gt;2.0.CO;2
https://doi.org/10.1175/BAMS-86-6-809
https://doi.org/10.1029/RS021i002p00235
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/JAMC-D-17-0160.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-13-00174.1
https://doi.org/10.1175/JHM-D-18-0071.1
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(2003)060&lt;0354:RSDIDC&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007&lt;0621:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/JHM-D-16-0215.1
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.2151/jmsj.2018-016
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/1520-0426(1995)012&lt;0249:CODPRE&gt;2.0.CO;2
https://doi.org/10.1175/BAMS-86-6-809
https://doi.org/10.1029/RS021i002p00235
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/JAMC-D-17-0160.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-13-00174.1
https://doi.org/10.1175/JHM-D-18-0071.1
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(2002)041&lt;0674:EIREWA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0469(2003)060&lt;0354:RSDIDC&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1988)005&lt;0783:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/1520-0426(1990)007&lt;0621:ESOMRA&gt;2.0.CO;2
https://doi.org/10.1175/JHM-D-16-0215.1
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.1016/j.jhydrol.2015.05.040
https://doi.org/10.2151/jmsj.2018-016
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/JTECH-D-12-00147.1
https://doi.org/10.1175/1520-0426(1995)012&lt;0249:CODPRE&gt;2.0.CO;2
https://doi.org/10.1175/BAMS-86-6-809
https://doi.org/10.1029/RS021i002p00235
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/1520-0450(1976)015&lt;0069:PUORDR&gt;2.0.CO;2
https://doi.org/10.1175/JAMC-D-17-0160.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-12-00163.1
https://doi.org/10.1175/JTECH-D-13-00174.1
https://doi.org/10.1175/JHM-D-18-0071.1
https://doi.org/10.1109/PROC.1965.4058
https://doi.org/10.1109/PROC.1965.4058

	1 引　言
	2 数据和方法
	2.1 数　据
	2.2 双偏振雷达定量降水反演方法
	2.2.1 复合平面扫描仰角
	2.2.2 雷达定量降水估计关系参数的选定
	2.2.3 混合降水反演方法

	2.3 雷达定量降水估计性能评估方法

	3 双偏振雷达定量降水估计性能评估结果
	3.1 混合降水反演方法性能评估结果
	3.2 双偏振定量降水估计产品性能评估

	4 总结与讨论

