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Alst ract

Theradarbasedquantitdive precipitation estimation (QPE) products are well known that
tend to underestimate due to the beam broadening effect, partial beam blockage (PBB) effect,
vertical microphysical evolution, and sampling discrepancy. The underestimation of the QPE
is mostpronounced for the precipitation with pronounced-lewel enhancement due to warm
rain processes. This study assessed the vertical pobfiten (VPR) correction for the radar
based QPE of-8and polarimetric raddRCWF) at various types of preciptian events from
2017t0202. I n addi t i @ n fromtséifeonsistericy netbosvbeate ) (0 )
was based on reflectivity(Z)along withdifferential reflectivity (& )) were investigated to
reduce the uncertaintied derivingp e ci f i ¢ di fd 6 inkghtraindhe resuiisa s e (
of the real case study indicate that thé (/0" )-based QPEshows improvemenin
normalized mean bidsy at least % at low and noderaterain rates comparet the range
derivative U -based QPE. Moreovethe impact of the VPR method variewith different
rainfall typesand radar variable¥he improvements are most pronoungethe regions where
the PBB effect is most sevefBhe VR2 ¢htd  shows significant improvementuring the
stratiform precipitation event with the normalized mean bias decreasatddas?0%. On the
other handthe heavy precipitation event during the typhoosidhaegative impact oall 0 -

basedainfall estimaéons.
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23 L AX4

Ultw®l Bz On

y £y €/ 90nBa y
X N [ wu( > 0.5 Km)L/
N w (UTICS M| £ € Omunsd X
: | : (#)
( mn) ( mnr) h
Cl 2017/ 06/ 01 Me-¥ u 112 26 541 /|
C2 2017/16 20: Me-¥ u 26 6 893 [/
C3 2020/ 08/ 03 Typho 85. 16.5 174 |/
S1 2018/ 01/ 06 Wi nter 16 6 376 [
front
S2 2021/ 11/ 26 Wi nter 24 4.5 485 |/
front
D 24SA9 no £ L. @Ww@s  206)
Rain type All data Spring MeiYu Convection Typhoon NE front
Month 1-12 34 5-6 7-9 Selected case 10-2
a 0.0279 0.0197 0.0244 0.0435 0.0282 0.0408
R(z) b 0.6619 0.6874 0.6779 0.6233 0.6624 0.6173
R(Koy) a | 47.5998 44.6864 48.0516 48.3448 64.3293 42,5163
b| 0.7605 0.7950 0.7915 0.7725 0.7278 0.7225
a | 0.0046 0.0019 0.0018 0.0011 0.0013 0.0033
R(Z,ZpR) b 0.8492 0.9452 0.9578 1.0017 0.949 0.8888
c¢| -0.6193 -0.9734 -1.0434 -1.1240 -0.7988 -0.7439
a| 64.8411 61,9421 63.3873 62.3633 73.0964 60.2012
R(KprZog) | b | 0.988 0.9782 0.9766 0.9727 0.9476 0.9486
c| -0.6921 -0.6445 -0.6403 -0.6196 -0.6039 -0.5836
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®31 = M mnvinyY QPE., GCAuUZ VPR QY K w1 H A 1 |1 ®23H Y
WX < 500Mém | n A WM ®y 04 P VPRA LL VUV)® A CA|
378 nH n HE n 4/ n 4/ n =/ n =/ n A/ n =/
by Lt N Bty Nk Bty
RRMSE
Cl 0. 301 0. 1967 0. 2402 002270 0. 2828 0. 1879 0. 2693 0. 1969
wi VHR 0. 27414 0. 3549 0. 2611 0. 4765 0. 2671 0. 3809 0. 2643 0. 4139
Cc2 0. 5248 0. 3275 0. 40814 0. 4473 0. 3890 0. 4050 0. 3821 0. 44009
wi VHR 0. 375! 0. 5957 0. 4982 0. 9291 0. 4078 1. 0771 0. 42814 1. 1771
C3 0. 5096 0. 5090 0. 31009 0. 3466 0. 3385 0.3311 0. 3418 0. 3458
wi VPR 0.3973 0. 3848 0. 6132 0.3 7 0. 5142 0. 5979 0. 5225 0. 6231
NM B
Cl -0. 268 0. 1134 -0. 053 0. 2450 -0.173 0. 0370 -0.170 0. 0441
wi VHR -0. 098 0. 2942 0. 1785 0. 5430 0. 0311 0. 2866 0. 0340 0. 2975
Cc2 -0. 425 -0.123 -0.162 0.0449 0.272 -0. 059 0. 2614 -0. 037
wi VHR -0.226 0. 25614 0. 1772 0. 5267 0. 0453 0. 4543 0. 0600 0. 4939
C3 -0.411 -0. 446 0. 0056 0.1640 -0.090 -0. 016 -0. 106 -0. 0314
wi VIR -0. 201 0. 225 0. 46514 0. 7118 0. 29009 0. 3886 0. DY 0. 3555
CcC
C1 0.9629 0. 9813 0. 9740 0. 9803 0. 9608 0.9771 0. 9642 0. 9773
wi VPR 0. 9530 0. 9685 0. 9580 0. 9563 0. 9503 0. 9616 0. 9527 0. 9605
Cc2 0. 8529 0. 8977 0. 8377 0. 8631 0. 89414 0. 8665 0. 8945 0. 8557
wi VIR 0. 888. 0. 8760 0. 8707 0.8720 0. 8761 0. 7998 08731 0. 7874
C3 0. 9106 0. 9149 09221 0. 9256 0. 9097 0. 9139 0. 90814 0. 9105
wi VIR 0. 89314 0.9000 0. 8936 0. 8952 0. 8916 0. 89814 0. 8930 0. 8973
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®32 Q1 M unvial QPE., CRAuZ VPRQY K w1 H A 1 |1 ®23H Y
WX ( =< 500uém | n A wm Oy 04 P VPRA Lt VUV)® AY1 K CHhAL
378 n H n HE n 4/ n =</ n =/ n =/ n a4/ n =/
by 0Lty by b N Bty
RR MS E
Sl 0. 51814 0. 4767 0. 4600 0. 5481 04720 0. 4681 0. 4695 0. 4713
wi VPR 0. 3942 0. 3935 0. 5818 0. 8804 0. 4183 005271 0. 4257 0. 5545
S2 0. 6672 0. 61860 0. 6025 0. 5680 0. 6350 0. 6458 0. 6441 0. 6753
wi VPR 0. 4983 0. 6065 0. 5174 0. 6246 0. %12 1. 060! 0. 7124 1. 1132
NM B
S1 0. 363 -0. 305 -0. 073 0.1003 0. 247 -0. 173 -0.240 -0.160
wi VPR 0.141 -0. 035 0. 2910 0. 5552 0. 0358 0. 1546 0. 0466 0. 1746
S2 -0. 398 -0. 453 0. 2614 -0. 203 0. 1414 -0.020 -0. 134 0. 0019
wi VPR -0.148 0. G2 0. 0642 0.1720 0. 2560 0. 4955 0. 2693 0. 5259
CC
S1 0. 7076 0. 7258 0. 68814 0. 6783 0. 6853 0. 6625 0. 6855 0. 6583
wi VPR 0. 7683 0. 76214 0. 7392 0. 7130 0. 7299 0. 6841 0. 7273 0. 6772
S2 0. 6925 0. 7701 0. 6866 0. 7070 0.5977 0. 6208 0. 5845 0. 5983
wi VPR 0. 7920 07888 0. 7801 0. 7773 0. 7276 0. 7234 0. 7195 0. 7115
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CFAD R(K;P) 20180106 2242 UTC mean at layers
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12 Error analy5|s for cases
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(a) 20170601-0603 R(Z,, ) Accumulated rainfall
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(b) 20170601-0603 VP-R(Z,,) Accumulated rainfall
40 g h!

(C)‘1 20170601-0603 R(Z,Zpg) Accumulated rainfall
1 -

-100

20170601-0603 R(Z,

> 1500 ’ 1500
1200 1200
1000 1000
900 900
800 800
700 700
600 600
500 500
400 400
300 300
200 200
150 5 150
100 100
60 ol z 60
20 h 20
10 10
-100 -100 -
-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
20170601-0603 R(Zhh] Event-accumulated rainfall 20170601-0603 VP-R(Zm] Event-accumulated rainfall
900 _ altitude<0.5 km - 00 _ altitude<0.5 km_ :
RRMSE = 0.2630 L RRMSE = 0.1564 e
800-NMB = -0.2496 5 800-NMB  =-0.0747 B
cc =0.9701 - cc =0.9526
__ 700 - _ 700 . —
E L 3 £ L 3 £
E 00 o . Eecoo " - E
g - B g T . B o
© 500 "o 52 o500 . 52 o
o - = [ = L0 e [
3 = a & - G
@ 400 . + 2 Zaoo0 o+ 4= 3
2 z 2 T 2
5 300 = 5300 = - 8
kS P2 -
200 200
100 ? 100 J ?
0 1 okl 1
0 200 400 600 800 0 200 400 600 800
20170601-0603 R(Zhh) 1-Hour Accumulated Rainfall 20170601-0603 VP-R(ZM‘) 1-Hour Accumulated Rainfall
120 i altitude<0.5 km_ 120 ‘ altitude<0.5 km_
RRMSE = 0.3510 RRMSE = 0.2744
NMB  =-0.2683 R 25 NMB  =-0.0981 L 25
007 cc  =0.9629 o W0rcc  =0.9530
E L 20 E e . 20 E
E 8 E a0 £
w w L | w
al - a a
g 15 g - - 15 g
g 60 ] 60 - ]
@ a a
2 =2 =2
. 10 5 10 %
k-1 k-] k-]
3 3 3
-4 « «
05 05
0.0 0.0
0 20 40 60 a0 100 120 4] 20 40 60 a0 100 120

Rain Gauges (mm)

316 2071 6% 1w

UL

n e z

Rain Gauges (mm)

36b 3w(UTC)

\.I

e

A( )08 DVR2 OY W 1 ( @)dhd

|00

800

700

600

500

400

300

200

100

o

120

100

80

60

40

20

NMB
cc

-40
20170601-0603 RtZM‘.ZD“] Event-accumulated rainfall

-20 ] 20 40 60

altitude<0.5 km

RRMSE = 0.1928 -

=01371
=0.9674

1]

200 400 600 800

hh"
altitude<0.5 km

RRMSE = 0.1967 -
NMB  =0.1134
cc =0.9813 -

] 20 40 60 80 100

©Ge3t))

53

Rain Gauges (mm)

e

M 20y

120

(d) 20170601-0603 VP-R(Z,
40

1500

-100

|00

800

P -
& & & @
o @ © o

(#) Auanbaiy

Radar-based QPE (mm)
&
S

N
2
=)

,_.
=
=

1

o

Zbl) 1-Hour Accumulated Rainfall

((#1°T601) Aauanbaiy

0.0

N |

hh"

Z,p) Accumulated rainfall

200 400 600

Rain Gauges (mm)

800

€ ( WPR2 G

(#) Aouanbaly

-60 -40 -20 0 20 40
20170601-0603 VP-R(ZM.ZDRJ Event-accumulated rainfall

: altitude<0.5 km_ .
RRMSE = 0.3628 - L
NMB = 0.3226 7
cc =0.9433 ’

- -
- -

"H

~

w

A


























































































