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Abstract
polarization radar QPE method is established, and its performance in operational application is evaluated. In this study, a

To improve the accuracy of radar quantitative precipitation estimation (QPE), a high-precision dual-

nonspherical particle scattering model (i.e., T-matrix model) is used to simulate and calculate different polarization
quantities on the basis of the data obtained using an LPA10 disdrometer. On the basis of the calculated results, the
measured raindrop spectrum data are classified and fitted to optimize the precipitation estimation algorithm of CSU-
HIDRO (Colorado State University-Hydrometeor Identification Rainfall Optimization). Two rainfall cases occurring in
2016 and 2017 in South China are selected to assess the performance of the modified algorithm (CSU-HIDRO _I). The
R(Zy;) method PPS (WSR-88D Precipitation Processing System) and the CSU-HIDRO_I method are used to estimate the
hourly precipitation. On the basis of different rainfall intensities and ranges (i.e., 20—60 km and 60—100 km) obtained by
radar, the two precipitation estimation methods are evaluated. Moreover, the hourly precipitation estimated by radar is
compared with that estimated by rain gauges. The main results are as follows: (1) The CSU-HIDRO I method achieves
good QPE results, and its estimation accuracy and stability are better than that of the R(Zy) method. (2) The PPS method
overestimates during light rainfall (R<2.5 mm/h) and underestimates during heavy rainfall and rainstorm (R>8 mm/h).
By contrast, the CSU-HIDRO I method can effectively reduce the underestimation of heavy rainfall and improve the
estimation accuracy during light rainfall. Compared with the PPS method, the estimation deviation of the CSU-HIDRO I
24%, 17%, and 15%,

respectively. (3) The PPS method is more sensitive to the distance from the radar during precipitation estimation than the

method for light rainfall, moderate rainfall, heavy rainfall, and rainstorm is reduced by 38%,

other methods. Under the same rainfall intensity, the relative error at different distances fluctuates considerably. By
contrast, the CSU-HIDRO _I method is less sensitive to the range from the radar than the other methods. Moreover, the
variation of its relative error at different distances is smaller than that of the other methods.

Keywords Dual-polarization radar, T-matrix model, Classified fitting, Quantitative precipitation estimation, Effect

evaluation
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Table 1 Information statistics of precipitation processes of six large scale heavy precipitation processes in the flood season
from 2016 to 2017 in Guangzhou
R AR 0 1 R AKIN TE) B CHIMa A 5 ) PR K /mm b TSI ) /h

201655 H6H 201645 H 6 H08:00%14:00 10.5 6

2016457 10H 20164549 H21:004210 H04:00 9.6 7

20164F6 H8H 2016426 H 8 H21:00%9 H02:00 9.1 5

201745 H7H 20174E5 H6H18:0027 H 04:00 11.9 10

201756 H2H 201746 H2H09:00%15:00 9.8

201746 H3H 20174£6 H3 H09:00%%15:00 8.9 6




k5 3 A 25 4
308 Climatic and Environmental Research Vol. 25

25°N T T T T T

245°N| 1

24 °N

235°NF

23°N|

225°N

22°NF

215°NpP—=* : ® RG .
A Gz-sPOL

= | PA10 Distrometer
o 1 1 1 1 1 1

111.5°E 112 °E 112.5°E 113 °E 113.5°E 114 °E 114.5 °E 115 °E

1R E L GEE=A). W ET (GO RNk CGEET8) L8
Fig. 1 Geographical distribution of radar stations (yellow triangle), gauges (green dots), and disdrometer (purple square) in Guangzhou
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Table 2 Main technical parameters of Guangzhou radar
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Table 3

The number of matching samples of hourly rainfall of radar—gauge in different rain rates during the six heavy

rainfall processes in the flood season from 2016 to 2017 in Guangzhou.

&R T UL AR R

[ KRS H Y R<2.5 mm/h 2.5 mm/h<R<8 mm/h 8<R<16 mm/h R>16 mm/h
201655 H6H 1203 459 334 345
2016557 10H 973 822 455 521
20165F6 H8H 351 334 151 174
20174ESH7H 438 365 231 325
201746 H2H 262 235 267 156
201746 H3H 196 170 106 197
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Fig. 2 Flowchart describing the CSU-HIDRO (Colorado State University-Hydrometeor Identification Rainfall Optimization) algorithm
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Fig. 3 Scatter plots, fitting curves, and the fitting surfaces of (a) R(Zy)—Zy, (b) R(Kpp)—Kpp, (¢) R(Zy, Zpr)—Zu—Zpr, and (d) R(Zpr, Kpp)—Zpr—Kpp

obtained from the raindrop spectrum (DSD) data during the six heavy rainfall events from 2016 to 2017 in Guangzhou
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vs. the direct rainfall rate from the distromet dataset in the six heavy rainfall events from 2016 to 2017 in Guangzhou
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Table 4

Error statistics of different rainfall rates obtained from the six heavy rainfall events from 2016 to 2017 in

Guangzhou using PPS (WSR-88D Precipitation Processing System) and CSU-HIDRO I (Colorado State University-

Hydrometeor Identification Rainfall Optimization_I) methods

PPS¥Z%: CSU-HIDRO 3%
BOKERmmh'  AEXFRZE  BHIRER/mm ARAK Rz MR WHRREMm MXRN ERE
R<2.5 70.3% 1.8 0.33 1.4 31.5% 0.6 0.66 0.95
2.5<R<8 51.3% 3.9 0.4 1.17 27.3% 1.96 0.62 0.97
8<R<16 39% 6.2 0.3 1.03 21.6% 3.7 0.51 0.99
R=16 30.5% 12.3 0.7 0.82 15.3% 7.6 0.88 0.92
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Fig. 5 Scatterplots of the hourly rainfall from QPE (Quantitative Precipitation Estimation) vs. rainfall obtained directly from the rain gauges for the
six rainfall events in Guanzhou on (a) 6 May 2016, (b) 10 May 2016, (c) 8 June 2016, (d) 7 May 217, (e) 2 June 2017, and (f) 3 June using PPS and

CSU-HIDRO_I methods
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Table 5 Error statistics of different ranges from the radar in the six heavy rainfall events from 2016 to 2017 in Guangzhou

using PPS and CSU-HIDRO_I methods

PPSYZ%: CSU-HIDRO i
PEESEM/Am  BOKFER/mmh ' MAXHRZE MR E/mm AN WERMmZE MxHRZE BWHRIEE/mm MXRK HEREZE
20~60 R<2.5 80.6% 2.08 0.28 1.49 31.4% 0.64 0.68 0.94
2.5<R<8 56.8% 44 0.37 1.22 28.5% 2.1 0.59 0.99
8<R<16 40.4% 6.5 0.29 1.04 21.7% 3.74 0.51 0.98
R>16 30.4% 12.9 0.7 0.83 15.5% 8.1 0.88 0.93
60~100 R<25 60.5% 0.62 0.4 1.33 31.6% 1.47 0.4 0.95
2.5<R<8 43.7% 3.24 0.45 1.1 25.5% 3.23 0.66 0.96
8<R<16 36.8% 5.7 0.3 1.0 21.3% 3.64 0.5 1.01
R>16 28.7% 10.96 0.64 0.78 14.8% 10.96 0.87 0.91
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