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Comparative verification and evaluation of two dual-polarization

radar quantitative precipitation estimation algorithms
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Abstract: [Objective] The CSU-HIDRO and WSRS88D algorithms are the primary
dual-polarization radar quantitative precipitation estimation (QPE) algorithms used in operational
meteorology. However, their applicability varies under different climatic conditions, necessitating
a detailed evaluation of the suitability of these two algorithms in the peri-Shanghai region.
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[Methods] Data from the S-band dual-polarization radar in Qingpu, Shanghai, and minute-level
rainfall data from automatic stations within the radar coverage were utilized. Based on 46 typical
precipitation events in the peri-Shanghai region from 2023 to 2024, the CSU-HIDRO and
WSRS88D algorithms were evaluated and verified using four methods: non-stratified assessment,
stratification by observed rainfall intensity (rain rate stratification), stratification by
station-to-radar distance (distance stratification), and classification of influencing weather systems.
[Results] The results showed that: (1) the accuracy of the CSU-HIDRO algorithm was higher than
that of the WSR&8D algorithm in unstratified, rain rate-stratified, and distance-stratified
evaluation. Moreover, the CSU-HIDRO algorithm achieved the best precipitation estimation
performance within the range of hourly rainfall intensity between 35 and 50 mm and within
distances of 10 to 75 km from the radar. (2) Verification based on weather system types revealed
that both algorithms demonstrated comparable precipitation estimation performance for weather
systems forced by upper-level cold advection. However, for samples of weather systems forced by
low-level warm advection, quasi-barotropic systems, and baroclinic frontogenesis systems, the
CSU-HIDRO algorithm outperformed the WSRE88D algorithm in quantitative precipitation
estimation. [Conclusion] Overall, the CSU-HIDRO algorithm demonstrates stronger applicability
in the peri-Shanghai region. It provides higher estimation accuracy, especially for moderate
rainfall intensity and medium distances, thereby providing a better option for radar-based
precipitation retrieval in this region.

Keywords: dual-polarization radar; WSR88D; CSU-HIDRO; precipitation estimation ;

verification and evaluation; influencing factors
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Table 1 Typical precipitation dates and meteorological classification
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Table 2 Non-stratified verification of CSU-HIDRO and WSRS88D algorithms
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Fig.4 Scatter plots with linear regression fitting of OHP evaluation results of CSU-HIDRO and WSR88D
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cc 0.85 0.68 0.61 0.63
MBR 0.89 0.90 0.86 0.79
WSR88D NMAE/% 11.61 10.94 14.36 22.20
cC 0.82 0.53 0.33 0.26
601 60
CSU-HIDRO CSU-HIDRO
—— y=0.98x-1.19 — y=0.97x-0.62
sok R2=0.73 sol- R>=0.33
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y=0.91x—0.36 —— y=085x+1.91 .7,
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e 80F
&
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A 40f
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/NI 3 35 /mm /NI B R & /mm
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Fig.5 Scatter plots with linear regression fitting of OHP evaluation results of CSU-HIDRO and WSR88D
algorithms under rainfall intensity stratification
3.1.3 BEH S REE

B R IA 0~10 km. 10~75 km. =75 km =N BT XURIR TR 14 OHP 72 & 194 2%
0

W% 4 Frd), {EFEE L 0~10 km [X[A], CSU-HIDRO &L WSR88D #i%[#) OHP 7=
A &5 AN TR, MBR 435104 0.95. 0.98, CC 43514 0.96 A1 0.98, 5t BB ALK
OHP 55t /KR M. WSRSSD Hi% [ NMAE #; CSU-HIDRO &L/ 2.07%, HFf
BE MR G RRIE T — S 6(a)]. FEIEH, EEHMEEAML | km FRNE X,
HEFEBS L 0~10 km X[HYEREIN, BRI EAARNELD, —ERE F RG24
RORFHENEE M. ERETEIA 10~75 km [X[H], CSU-HIDRO 1 WSR88D HLiZ AT R rHE
U P RS, W FR B2 MBR F1 CC 4EF57E 0.95 LA L . CSU-HIDRO #.3% (%) MBR NMAE-
CC #ug -1 WSR88D ik, HAMMAE BRI [ WK 6(b)]. FHET 0~10 km [X[a],
CSU-HIDRO H%f) MBR. NMAE. CC RIVFEAE, 1fi WSR88D ik NMAE 3K 2.34%,
MBR 1 CC 398/ 0.03, BEKAL 45 Jmg 22, 7RI B E 1k =75 km [X[], CSU-HIDRO Fl
WSRS8D Hi2: 1 B 7K Ay I R SR 3504 AN [RIFE BE I T B[] 6(c)]. CSU-HIDRO 1 WSR88D %y
(1) NMAE ik 17.14%%1 20.93%, % 10~75 km X [8] 7373 K 12.36%F1 15.47%. {HFHXT 5
CSU-HIDRO Hi%) MBR. NMAE. CC {3E4T WSRS88D %k, HESHH.

AR S, CSU-HIDROFIETEANFIFE 85 _E R B AR A 0 R R 220 T WSR88D AV, FHES
TIE 10~75 kX [i] Y I B A0 B8R fe e HEBRFAE T, FIAIEHEEL (0~10 km) ,
IR FRHEX A, PR G TCIE IR K = F R S B S5 M, BRI FE B 52 3 Hh ) 4 8 1)
SN MR B IABOEE B AL (=75km) , HEHCORMEEERERESE (LWE3 , =
[B) 7 HEE AR, “PY RO IG5, PR A IR 22 Bl 2 38 K5 10~75 kX [H) ST 1 9% o 56 4 (1)
EHFW S E R HE%, B> T IR S s T, NOoRSZIm B e e B BRI, o T
CSU-HIDROSVER IR AFMEN) “HEHE®H” -

%4 CSU-HIDRO #1 WSR8SD & AIEE S RIGLE
Table 4 Distance-stratified verification of CSU-HIDRO and WSR88D algorithms
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P S (BRREEp 0~10 km 10~75 km =75 km
MBR 0.95 0.96 0.84
CSU-HIDRO NMAE/% 5.19 478 17.14
cC 0.96 0.97 0.87
MBR 0.98 0.95 0.80
WSR88D NMAE/% 3.12 5.46 20.93
cC 0.98 0.95 0.80
il CSU-HIDRO 1407 140
- CSU-HIDRO
— y=094x+027 120f — y=097x—0.15 . 8L PaDRO
o R2=0.92 ‘ R2=0.94 yS095:-192
r WSRS8D 100k WSRS8D
3 oob+0.56 — y509x+050 o . }Lsﬁi?w.zﬁ,
£ - E s0f R*=0.90 i £ 0 R?=064 .77
A 40 = §
jas] 60F
o 5 z 60
40r 40
20t ;
> 20} 4 20( &
o il ‘ ‘ of of WENNET- S
10 30 50 70 10 30 50 70 90 110 130 10 30 50 70 90 1i0 130 150
/NN T ) i /mm /IS 2 B /mm /NI B 4 /mm
(a) 0~10 km (b) 10~75 km (¢) =75km

Bl 6 CSU-HIDRO #1 WSRSSD B 47 A REIBEE £ OHP Wt RESMA MBI AE
Fig.6 Scatter plots with linear regression fitting of OHP evaluation results of CSU-HIDRO and WSR88D
algorithms at different distances
3.1.4 RAEA S £ KB

TER R, A RS20 RGN 2 A B K T X AR K B, g iE AR RS
B e BRI RS, 4G B IX R SebRizm RGNS TR, TS0 s e
A, XKo@ Piineia s, RERFRIE AR, #EIEEBMRREAERIL 4 KRS, i3t
17 OHP 77 il [ R R Y 73 FER 30 T A

Bt 2 VPR I 2R KR, WSRS8D Sy fl CSU-HIDRO 5741 MBR Y453 15
CSU-HIDRO 5% 1) NMAE 4 5.76%, BSAIKT WSRSS8D $vk, W& BRI H /MR 2
PIF LR CC ¥ 0.88, HELlmE MK (WK S) o AR PR EIRMLEME L)L
T3, RIFEN 095, i 1[N 7(a)], 55O E AR LR R A WL
SRR IE T v 23 VSIS R S B KA DU

TR Z R PRI RS, WSRSSD HiZ Ml CSU-HIDRO HE7E &N W E R K LI
PUEAL N, CSU-HIDRO 5% ) NMAE % WSR88D HikIf/IN 5.04%, Hdh 55 5 'S5 it
SRAERE S A B 7(b)]. MM RS SE Ol AR S MR, Forh CSU-HIDRO R/ CC
HH . WSRS8D HLiE A M i B /K T4 e 1 BB AN, EF X 100 mm-h! A% f£ 7K, WSR88D
SRR 20~40 mm-h!, 177 CSU-HIDRO SHERE% Al F] 60~100 mm-h!, ZEALJZHE IR
FE3A RS A CSU-HIDRO F35 (1 & 7K A I 235 R B 4

B E IE R R RS 6, PFRELVER OHP MR ZE RN, B 5B K A 1R @A o
P, o CSU-HIDRO $34:() NMAE % WSR88D £k /)N 3.03%, H. CC ¥ & . CSU-HIDRO
LR s U R L B SR LA 2R L 1T WSRSSD BN 70 mm-ht DL ()5 B K B 5
RASLILE 7(0)]

TERMNEBE A R RS, CSU-HIDRO 5% WSR88D 5k MBR. NMAE #1 CC
Byt B, o UM AL Al I M A, CSU-HIDRO 55325 At 0 v B i 00 RE 5% 4 s A
CSU-HIDRO A1 WSRSS8D Hi%#41%F 10~35 mm-h! [ /KL H &, {H84K1 & CSU-HIDRO
SR AL A ORI 7(d)]
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A TR IE R R ASAE 500 hPa i1 B2 RENARE G, IKZBIBEKRE, KIR4E
EAR, AR T 50 mm,  H IR R K FIMEER K. 1R 5t T CSU-HIDRO
Rk Wi, BESMAHNEANX (0 )#FTREKMN, 5 WSR88D Hik
FAE IR SR T — 3 TARE R TFisRia s, HIEERR . R R RAE = I IIBKRCE
s G e ER R K, BERF CSU-HIDRO 5L (1, )ARTEBEK P I AE N &,
WO AR RORIE T WSRS8D k. 534, AT AR Tk, HUER TR (Numerical
Weather Prediction, fi#FX NWP) XAk 5 K LA RSITEAM ik a8 71 CIA B4R 7K FBe,
AT TAERT 5 NWP 1R AI Tk 456, T RUOTCEE BRI TR AR 2, 300 17 4 v T Pl 1 vf:
R

% 5 CSU-HIDRO #1 WSR88D B AN UM T FXKE X SH) OHP iFELER
Table 5 OHP evaluation results of CSU-HIDRO and WSR88D algorithms across four weather system types

P S (AR EEp T TP EE S (9SS EES HEIE R REAER
MBR 0.97 0.88 0.98 0.87
CSU-HIDRO NMAEMs 5.76 13.04 3.08 13.20
cc 0.88 0.87 0.98 0.88
MBR 0.97 0.83 0.95 0.87
WSR88D NMAEMo 5.89 18.08 6.11 13.28
cc 0.88 0.74 0.95 0.86
50 1201
CSU-HIDRO CSU-HIDRO
— y=0.95x+0.36 — y=0.85x+0.46
R?>=0.77 . 100k R?>=0.76
40+ WSR88D WSR88D
y=0.95x+0.23 —— y=0.66x+3.19
R>=0.77 R2=0.54
80+
30t
£
£ 60
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jas]
20 o
40
10+
20
of 0
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/NEHE B Y E/mm /NI 2 R B /mm
() E2ATimia sk (b) &ZBE P mE 2
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Fig.7 Scatter plots with linear regression fitting of OHP evaluation results of CSU-HIDRO and WSR88D
algorithms under different weather system types
3.2 BBIANGIS AR

1 EFri& , CSU-HIDRO %A1 WSR88D i £E Ab FRAK J2 W ~F- It 3 38 288 R IR (19 i il
ROR AP G R 22, [FRFE 75 km B _E PR B AR i B K SF 4 (=80mm-h!) 4l
MR AEAE BB ARG IR o IR NSRS Pk 3 P ot S50 0 A8 W i R <02 A 1900 B 7K Ak )
PERE, EHUT 2024 49 H 19 HEM B & “HEFHx” (KERTFREEE EN
S A S G AT VR 3 HT

2024 49 F 19 H 21:45 G R “ i 7 £ Bl R VEER, Bl HILRN B RRN R
R, BEBVYFE B KRN . 19 H 23:00—20 H 05:00, 2% VU B8 55 535 0 0 5k
AT 327.7 mm 1 6 /NEF RN R R PT SEARMED ,  XT REk fUf K /NN R B4 105.2 mm

(20 H 03:11—04:11) [JLFE 8(a)]. 1k 5 H 1 T A 1 L2 B BS 2 80 km.

Wk 6 iy, fEMRERKSLFEF, CSU-HIDRO 5% MBR i% 0.92, #ik1; CC
90.92, FEAGIME S SLPr R IR ZAHC. M2 T, WSR88D Hi% (" MBR 4 0.85,
AR CC X 0.69, fHMME L SEBR I EAH IR RN NMAE # CSU-HIDRO %3
K 7.13%. AW, CSU-HIDRO H3Z: 4l 28 SR 2B WAL T WSR88D HiZ:.

BT B R/ R B (20 H 03:11—04:11) 5§ 7160 b A A B, (6 753 B 18 0 R
SRFE K LG 75 km HAEE B BUIERS AR 2% 4F T, CSU-HIDRO HIEA) AR HCUT b S I 3%
B K& X, 500 B B K /NI RS 2O 70~80 mm, A7 AE — 5 AR AL [ LI 8(b)]. MHLEZ R,
WSRSSD H777: 7 F A Ay b K P AR (R SR B S A7 000 1) B /N R A 30~40 mm[ WL 8(c)]
FEMR G IR E] K 1 & Mo i B G RE b, WSR8SD ik ™ H AR Ay S b R & 1 B = 2 5 0
] e TR P AL BT 7 XU -
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Fig.8 Spatial distribution of maximum hourly rainfall and corresponding OHP distribution from CSU-HIDRO and
WSR88D algorithms during Typhoon Pulasan

&6 AR “EhRR” HiE CSU-HIDRO 1 WSR88D HIA I TT14
Table 6 Verification and evaluation of CSU-HIDRO and WSR88D algorithms during Typhoon Pulasan

ERRE CSU-HIDRO WSR88D
MBR 0.92 0.85
NMAE/% 9.15 16.28
cc 0.92 0.69

CSU-HIDRO 5L ALk A it BT HAFAE A XA . Wl 9 Frs, 7E 04:11 %
Bt KT X, 0.5°00 A 1) S 5 Z6 R i il 38 dBz, =0.5dB, =0.3°km". XfF
PE R I B K X 38, WSRSSD BLiEME ] (1, )AXBEATFE/KA I, CSU-HIDRO 5ikxk
B ( , )ARATHEAMN, CSU-HIDRO HEM R ARTINT S8,

SR TRZSHEMNATES S, TESMAEIE b LF A2 54 3 050 A RS 1) 5
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WO R RR T, REEHLN  =05dBGH, BESHELN =03°km! Vi

9 20249 B 20 H 04:11 HHEEL 0.5°MANRFREF(BAL:dBz),  (Bfi:dB).  (BfL:*km")
Fig.9 Reflectivity factor (unit: dBz), (unit: dB), and (unit: °-km™) from Qingpu radar at 0.5°
elevation angle at 04:11 BT on September 20, 2024

4 ZRIHE

IR FH T S BB IR R E R A B 2 8 SR Rl oK R, K6 PR T
Mk 255 G 2 Bl R Ok s Al I [ /K 535 (CSU-HIDRO 5775 A1 WSR8SD $i%5) 73 i
M X B AR R s . 6T R K (<35 mm-hh) FEFEE (<10km) , #
FhEE RIS I 1 R A I, ZE /N o SR, LE/NE Y58 =35 mm X [H) FIPE 55 75 18 =10 km
fJaE F, CSU-HIDRO #3351 MBR. NMAE F1 CC %34T WSR88D #.i%, EI T H
e e KA RS FE R AR E M o AE 4 FRANRIZR AL RS, CSU-HIDRO 5032 1 5 4 B 7K Al il
RORAE T WSR88D Hik. Rl ZEG K “his” WiE, CSU-HIDRO Hit@dsI N,
A B> T AR SR YRR R AR R s e, X A i [ K R 2 2 A B KT WSR88D Bk
BT ARV R, BIAER B IX L% % | CSU-HIDRO B2 #E47 15 1k B KAl I

TERRB T A, KRB BHIFEAR L A M, #EIEE R RSEAR S R, 1
FAh =R AR AR BB AR B o 3P AN S5 1A A W e 52 100 799 P X 3 o2 7 A ) B9
TEARIR A B HERE M AT VPG o FEARRIBE i, FRATTE IR 3 0 2 FEAL I R SR
A, FEEIVEAN R RER &M . H A, JRE CSU-HIDRO SHEAE A R VAl 1 R 30
HR S RS RE, B & S R AIAAAE — R IS, JCH R B X R Bk (=80
mm-h?) o FEARKHE AR R EARG AN Sy %, DA — DR T R IR K
Ak 00 7= i TRDORG B AT RT3 T B v L AE SRl 55 R R AR E

5 &

BT B U R 2 B R R R IE M A B B R R R OK R, iR E
2023—2024 4 46 W ILFE, BRI WIRD R BB DR R0 HE 4 Fi5
X} WSR88D Al CSU-HIDRO 5k #EAT K36 vEAd, 3 H DL R 456
(D TEA A5+, CSU-HIDRO 5% E 4 T WSR88D ik, NAME ¥ WSR88D 57
W/ 1.93%, H CSU-HIDRO 535 2R ML & 300U 3 4
(2) TEM SR HETIH, FHECT WSR88D 5y, CSU-HIDRO Hi X5 B 7K At il 58 1
LA 34 B8 Y 5 16 K TR R 5% . CSU-HIDRO 59276 25 MY 5 [X 8] [ NAME % WSR88D [#1i%
1.12%~12.22%. JCHAE E Bhk /N F 38 35~50 mm [X (8], CSU-HIDRO #0245 & M AL 1A 31 ¢
i, MBR B4z 1, NMAE /)y, HEYERG LR st .

(3) TERE B3 A 54, CSU-HIDRO HVATERE 87 1A 0~10 km. 10~75km. =75 km =4
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