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Compution and Application of Rainstorm Surface Rainfall
Based on Radar Data in Shanghai

HE Fangfang XU Weizhong ZHOU Kun MU Haizhen
Shanghai Climate Center, Shanghai 200030

Abstract: The computing method of rainstorm surface rainfall is studied based on the grid product of hourly
quantitative precipitation estimation (QPE) of radar data and the automatic weather station (AWS) quality
control rainfall data in Shanghai. The computing method is that the radar estimated rainfall of the AWS in
rainstorm area, which was obtained from the radar QPE mean of 9 grid points around the AWS, is used to
calculate the difference between the rainfall and the radar estimated rainfall of the AWS. The difference
field is interpolated into the same grid point of radar precipitation estimation using Kriging interpolation
method. The hourly rainfall of grid points is the sum of the residual interpolation data and the radar rain-
fall estimation of grid points. The average absolute error of QPE and measured rainfall of 24 typical rain-
storm cases of all stations is reduced by 27% after correction. The average error of QPE and measured
rainfall of main precipitation sections and process rainfall of national weather stations for two typical rain-
storms are reduced by 33% —39% and 34% —59% respectively after correction. The value and graph of

hourly and process surface rainfall and administrative district as well as water conservancy one-sided
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rainfall of the 24 typical rainstorms from 2007 to 2015 are calculated and drawn according to the rainfall of

grid points using above computing method. Finally, the automated computing inquiry system of rainstorm

surface rainfall based on radar data is produced using the development tools of Visual Studio Microsoft

2012 and Microsoft Visual Studio software relying on . NET Framework. 4. 0 Software development plat-

form. This system will be used for realtime querying and calculation.

Key words: Shanghai, quantitative precipitation estimation (QPE), rainstorm surface rainfall

5 H

Gl AT AR AR AR — BN Y
[ N RV = B o B SN 93 N N [ 0
BUPEAR 5 PR B3 7K 23 A 2 A 1 50 1 L BRAR AR % X
-S4 R KCIE D0 B TR SR O I A A R Ok R
LA B3 B AR 2 I8 1R RN e A 2 B
O TE RS R TE A 7 CHB MUAE . 20015 O 2R AR,
2003) . JG R A& & T B B N AF- Y A% vk G K S
19905 FRATHET FMARIBELL, 2005) . I 4E % . XA F
TR S GIS HAR i 1 FY & (o @ 55, 2006)
I T 2 P At 5 il DX 349 T T o (A o R e
19955 & Kk Hb 1k 25 7, 2005) &5 397 5 AR 7 ¥ 19 1
PR, AT R S A P 7K S R B TR R SR ) T AR A
o] YA 3 0R THD A G AR B B IR 95 A Rk 1R 2
R TAEFE ARG 55 M55 o I RN 5310307 1R AT
N SE 4% fb 2 (2001) 37 T3 AT R TR) 97 3o
MU B AR 2 300 10 RN R TR R B, S5 I T Y A
SEBL AR AE MICAPS T s . I 76 2 B £k
AR i AT = = AL S I R R S SRR Y
SR SEEFE (2008) K F AR 1E 58 43 il FH B 7 1 R A R AH
g5 THEAS 2 i DX B IR AR L 2R 20 A R AR A AR
AR 5 T AR L B AT 2 35 3 5 43 A B 7K R AR i 2
RREL e ) G S 5 7N LR AR o S (T 7 8 2 e S B N |
XoF L 358 TR T 5 AR 9 3 TR T A B K R (Al R A
& 2017),

F e B X E R FENARRE L
AR A BR A A Ak R T A5 ) L 5 el ol A5 % T
HEWF I TR TR Bk BT K — B B EUN
SEVE MR, 6T I M X 2% T A KA S 1 A
W TAEC AR Z , 40 b i M DX 5 7 5 B 28 =X AF il
(R85, 2013) 4300 30 4F 1 1 b X2 TR 1) A<M 4
ABHFAE (R T5 55 F1X LR, 2009) 28 H L F#F5E F
FORE Ry b b DG 0 B Bk i R R ROk BT
F TR AN 150 43 A1 M BB AR 3892 M IX P 34 [ /K1 100

F14) TR R St 1530 7 1k PR 9 AR A B E AL

AR B R 22 3 R TR R BERDF 25 G
by 5% A X 4 ] 4% b B RN ) R ARRAE S AT 40 A 4 H
TR B AR e I X R 2 3 4 Ok R AE 4 A (IR 4
2015) 35 74 b, DX B9 K W 17 v RUBE % 3k 2% 44 RS
L 22 55 1) AR FREAE 43 AT R AREE . 2015) , 1 i L IX
TEHE B A KUK 2R R Y R e o BT O R G OR E
2016) . 0] e Jay &8 R 2% W R A5 PRI UL B A0 o RS
R GG F RREBE T 73 B (AL 45, 2016) , PRy K
T R 2R GE A AE IR BT 45 10 20 Br (AL LB 45
2016) .45t 7 A B T % T AR RCR 1 4585 16
A 2 HEAT B IR ORI — Bk S A RO T IE L SR I
KK Wl R BE ) (R 2575 55, 2016) . {H R FI 7 38 %
REIEAT R W W R TR A R D

EHEHL X H RTE R S P BRGSO TR A
Wi PV WSR-88D 2% 8y K A0 B ik L T 14 %8
H A CINRAD/SA B — AR H B B ik 5kt
AR A T M X, R R A R K AN B e 8
SR RIS FH S i T o R T AR IR A R 2 [ B
WA 138 AR R (B 11 MEEIRHE) B
B IC SR AT DA 7R K B K A B3 7= i 2R AT S8 I T IE
N UL, MR 4 R 5T 1 i X T [ s R0 A
I 96 Rk 1 2 W TR0 R o T O L O ST i Ml X
F TN RN 4 [ S A0 A 0 T R GE . B A A R
T PR T H B At w] S F I T R ) RE S
AR B TR L e SR B I F AR A

1 BERPRIR

1.1 B 3huh BRI 5 8

XA 138 A~ A B g (AR 11 AN E K
G T RISk 78 AR 3B B A S R
B 30 50 T R LA B o 0 B AT I i 2
R 355 A« (L) AR B K o BH 2 0 /N 199 1 30 3l CRIT&R 30 3
AH ECAF B K A /1N 50 %0 LA ) 5 (2) BB /N B F 7K i



946 A

% 5 44 %

I B 5 Gk 2 A bR E 2 B Sl s (3) i A
IR AR AR 4 R LA B 2l AR EE AR RN CR R
00 1% R ook 75 9 2t B ke oK T 208 30 3l A EG 1A A o
RO B A Bk {5 (4O J Bk i L4 2 14 B Sl {EL

1.2 FikE 8 Rkl M

ACEHRH BP0 RIR A BT HEBR
B4 8 B B 7K £l I (quantitative precipitation esti-
mation, QPE) ™ i o B di 7 A R AN T - 20
G %6 I BUAb B . CAPPT % 5 OB A 1 Bk 25 7
X073 B RN TR O Bk 4 D BOR AR L IR
B 1 /NI HESE 10 IR B 6 70 B 7 38 B KAl I
HEAT 242 1 /N T35 QPE RIS ™ i (R0 A% 5]
A1 km X1 km) . SCHRY 24 /> B G R R TR Ok
BERHREA R T W I 3 SR, 24w L O Bk s
A8 75 9 7 R TR M A 2010 £ 9 A 1 H
05 W2 2 H 04 Wf Y & X2 1T 72 7 0l 7 ik 2
B A R I R PR, T X P AR R A R
J& S P B Ik L HURORMAE B 1 — B

1.3 EW|AG

SRR G Ll X R R ARE (1L AN EREARR
3 12 h W2 B =>30 mm % A 5 T I RS LA
W B 2007—2015 4F | Vg Hb X % T o 72 (A 45 2
R AR b B[] i R RN 1 4D L 45 A A A AU R 2 S
o TR RN E & AN & 3 =W & 3o gt
22 G L B I i B AR B AR S U
A GERE IR DL L8 91 & A= b R B i ]
PE R VTR BB & A WA 1 WS
TN VA b DX R W A K (1) A TR 5% TR A 5 XL W
(FREZzf [ ) o R KA ZR R . (2) &
I 588 B2 7K % T 3 32 ) 5 SR BB IR 24 A 5% 7 2 A 1 48
(# D,

2 LT HR ISR L X 58
T 7

2.1 BEEFRASRENHBITE

H BB IR GOROR A 25 i A Bl R A
Wil A = BB FRE. &5 EPLOAREHD
LR VHEIF B 1T IE M 0R 22 05 3k A A R
(A BN A P A% e 19 5 AR S B (AR D it of

FI gl li ol 3 BB (10509 A2 T 2 A 00 3 K 1 4% i
EABERIT AR B ahub s i S E . IS
I 3l ol R R R 22 e/ I AEL S P 3P 8 0L 7 i
T A 2 T A 1 AH O AR HIOMI 4 36 R 2% L di e A
LA A 5 S L O A 109 1 BB S A RS (B
.

F 1 2007—2015 4 245 R[4 6

Table 1 The typical examples of rainstorm
in 2007 —2015
o & ik /BT R E'/Z‘jfﬁ”k
2007 8 H5H 15—23 B R P K 78
2007 107 7H14%F9H07#t L] 78
2008 6 H7H15%8H 03t T 2 R 94
2008 6 H9H13F11H 11K H TR 2% TR 89
2008 6H 13 H 18 % 14 H 19 i 5 T A& T 95
2008 6 H 27 H 05 %F 28 H 03 K} M T 2 [ 93
2008 8 /1 25 H 03—16 Hf iR [ 7K 82
2009 7H6HO05%7H 020 iR PR K 103
2009 7 J 30 H 05—24 i} R FE K 101
2009 8H 9 H 16 % 10 H 18 i} SRR 99
2010 8 H 15 H 18 % 16 H 01 I} 5 F K 125
2010 9H 1HO5%E2H 04 & K EE T 131
2011 8§H 11 H 18 % 12 H 14 K 122
2011 8 A 13 H 14 2 13 H 20 I} iR [ 7K 128
2012 6 H 17 H 10 % 18 H 15 i MW 127
2012 7TH6H17ET7HO2M R A 7K 121
2012 SHT7THI19F 9 H 05Hf BREW 113
2012 8 H 20 H 13—24 B} T R K 123
2013 7H B3I HI9KZESH 1 H 19K kK 117
2013 9 H 13 H 16 & 14 H 02 A R A K 125
2013 106 H20%8H 22nt EREW 120
2015 6 H 150 11 % 17 A 17 if T W 78
2015 7H 10 H 21 £ 12 H 05 i & K ZE T 79
2015 8 H 21 H 22% 240 17 i HRET 79

22 RAERRBANENEREITEREHNRE

2.2.1 ABRREZARIZEITESH

¥ a8 sl FE 9 A MRS S is QPE P {E
Y& B 2t B 75 35 A8 DU RS 6, T 58 A I /)N B R
5T IR AR N B T Y 25 (E . PR 25 A 1 B
IR K AR B 7 AR TR] A O A R b (A% S L 464 X
464 A~ PIAR TR 1 km X1 km) o 75 2 O (B 7 2%
B AR T BE L L e R BE B A Bl
T 0 0 E A A U R A 389 M Sufer Hr A (E
QR LRy ||| E =N & A Y 1 L T
i E R AR A B AR SR 2 I I SRS (R ) L 2R
Ja AT A Zhul i AT TR G IR E D,



%74 W3 4 T

PR AY T X R S e v 947

KIH Sufer w14 46 B 2 #E 4748 {8, ROR W 847 T
HoAthJ5 75 B T H Sufer H (4 (B 75 1T 1F 55 4% 53
B AOR 22 5O KL 7 e B A (R R T
JIT L e Ja BB T v B A (A 1k (3R 2) AR 2K
W AR ZEAE A . SR PR A A S b Y B 25 A 1R
B m b A RS b R A A R KR 1R B T &
W& s B Bk IT IR S Y AR A I )N B R R

2 0 24 A B AR PPk BE 1Y 8 Bk 5500 H
w5 R G QPE FITIE QPE M AH 6 R 5. F 8
Y Xf iR 2E AR KA X iR 25, R 2 thal WL, fw Bt
A AT IE R 22 e/ A C R U OR . ITIERT G
HRRBER T 2300, R R W/ T 27%,
HRAGXFIRZW N T 22%,
2.2.2 BAFERAHR E T ESH

BEFE 2 DA Co3 391 J2 Jd g B i B3 /KRR 5 KL%
P S ARG UG 2 A S 780 R W A AR b s AR A B KR
Sl )i ih QPEITIE QPE 5 52l Ry 2 22 [A] A 1% 2%
AT BT B N AN R 25 3T IE A0 AT . T ) i A KRS
1At E] R 2008 4E 8 A 25 H 03—16 B, [fE/K 2
WAE 06— 11 i, 2 11 MEEIRWPA 74
PR CE WL E U IREIL ML AR

*x2 iTIEHF

FA-gd R I

[%mu&¢x¢nﬁﬁm§@%ﬁﬁ}———————

SEMLLFE A 2

[ VL1 3l ] BB O~ W A e P58 528 £l MU P J
A 2k 3-?1*1&![1”%7](1&(@%@}’]5)

(LFSRARLER 1 203 e 5 R QPERD 2 |

SFREATIRHEA E 2l

Ferliid A i Ay A 2l I TR

[.H§%¢M¥AH4

i B A QP E LR B 5% 25 A1 J
SRR RIS [ 2D

A (K GTIEQPE)

il

R
s

o

TR [ 3 SR & (8 20 51 5 R AAQPEANT T IEQPE
LB SR CE fﬁﬁmt ek Hnt i

B 1 B el AT IE RS
A 0 8 7K RS 6 i

Fig. 1 The testing process of correcting

radar-estimated precipitation with rainfall

value from automatic weather station
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Table 2 The correlation coefficient, mean absolute error, maximun absolute error of rainfall

and QPE before and after corrections
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Fig. 2 Hourly changes of average values of rainfall, original QPE and corrected QPE

about typical rainstorm at national meteorological stations

(a) rainstorm of heavy precipitation process on 25 August 2008, (b) typhoon rainstorm in 6 —8 October 2013
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Table 3  Grid points in districts of Shanghai (unit: number)
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Table 4 Grid points in water resources of Shanghai (unit: number)
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Fig. 3 Typical hourly and process surface rainfall (shaded, unit: mm) of heavy precipitation on 25 August 2008
(a) 06:00—07:00 BT, (b) 07:00—08.00 BT, (c) grid point rainfall =30 mm in 03:00—16.00 BT,
(d) grid point rainfall =60 mm in 03:00—16.00 BT
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Fig. 4 The administrative district (a) and water conservancy (b) one-sided rainfall (unit: mm)

of heavy precipitation on 25 August 2008
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The automated computing inquiry system of rainstorm surface rainfall based on radar data
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