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Precipitation retrieval of the “23 - 7”7 extreme rainstorm in Beijing based on
measured discharge under the deficiency of rainfall data

ZHANG Xumin, CHEN Yingbing, LI Yongkun, LU Yajing, XUE Zhichun, HU Xiaojing
( Beijing Water Science & Technology Institute, Beijing 100048, China)

Abstract: This paper utilized the method of dynamic system response curve (DSRC) to retrieve the real precipitation of the “23 « 77
extreme rainstorm in Beijing based on the observed discharge data in 5 typical watersheds with severely damaged rain stations and poor
reliability of measured rainfall of Yongding River and Daqing River Basins. Several indices including the Root Mean Square Error
(RMSE), PEARSON correlation coefficient (R), and Nash-Sutcliffe efficiency coefficient (NSE) were employed to validate the
effectiveness of the DSRC method. The characteristics within different duration of the observed rainfall ( before inversion) and the
retrieved rainfall ( after inversion) were both summarized and compared to the actual rainfall ( approximated by the multi-source
precipitation fusion) , to demonstrate the accuracy of the inversion series. Results shows that the DSRC method can effectively retrieve
the average areal precipitation process, while the average RMSE between the observed and actual series and between the retrieved and
actual rainfall are 5.97, 3.86 mm, respectively. The average R are 0. 67 and 0. 82, and the average NSE are 0.27 and 0. 67. The
retrieval performance of the DSRC method is closely related to the XAJ model simulation performance and whether the rain-gauge station
can accurately capture the peak rainfall. Even in the case of rain-gauge station damages and the data transmission interruption, the
DSRC method is still able to retrieve the actual precipitation which exhibits significant continuity characteristics.

Key words: dynamic system response curve (DSRC) ; precipitation inversion; “23 +7” extreme rainstorm; Beijing
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Fig.1 Distribution of rivers and stations in the study watersheds



40 WK E el (AR RS R ) 5552 &

1.2 HIERIE

32 BB i 2 T S ) A SR A 27 AT RS TR 25 AN AR S B R 1 i e AR O, S R R it
AR R R T 7 H 30 H22.00% 31 H 500, 7 & s s st e = 2248 h 7 A 31 H 9.00—
13:00, ASYRFEA AR | FR ol SEI AR PTRE PR AR, R A SCfeli T R K B s S Lo 4 . 58— 5
I AR BSE AR, B A 5 T B3 K nd 7 v R 2l S DR 5 5 5 Sy S B /K B A |, 8 B o S B K S R
G RN [ SR BEIR 2 A o S B | A R K TR ™ S (4 BE3E 500 m) DL K ECMWE A ISR 45 51 (43
HER 0. 1°) S5 2 URRE KB , % F5 55 sl B3 A7 i w7 %) R0 oy S 5000 1 A T e A 81, LA I {1 S B o /K
P o AR I e B SR IR T A T K SR S A

2 #wB5FE

2.1 HFERITHER

TR )3z T ) BT VT AT A 32 g (R i M X)) AR I A ADLRTK B T AR )
AR, EZ T UK R K SO RN A A BT R v |+ oK X P
ZOCHEE TSR 22 S S B SR UK AR A B LU i 1 s Al WA A T %
J& A RO A RIS B TR AR E T AR R R T B KA R RS, TR A B KK AR
AT A 7K IRTTL, 2 /K B A T T T8, B A S B AR A T TR . O T @i 434 DSRC
S 5 AR K R AT R A8 R | AR SO BT 2 TR RS AT T fRi AR AR B, BB T 20 /K R 5 3 Vo
B, RIS SR P BRSNS B A b, T DL SR 14,197,

AR 5 AN A 2 T R, B TR A S A s . HR 23 - 77 AR R T,
b Hi 7 A 2022 H &4 T H-F 2K A 33. 6 mm BYETHIFEK 5 A 3 7 48 1 1 S 24 B K = 67 T
31.9 ~65.8 mm Z[H], £ LI N T e HEE IR AR BOK SR/, W B 2 VTR RS FH 240

FEF AR T s H RS B B E , R R L AR SRR, REFNSHIE R 1, TR
JKEE & A H E#S = Z05 s AGR , TR AR, B 4 MR - S 8—-80, AL S
H/INE R AR

R1 EREFRIRHSHEFTER

Table 1 Calibration results of parameters in the Xin’ anjiang model for each watershed

W44 B k. C W,/ mm Wy /mm B W/ mm K/h X
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Table 3 Statistics of precipitation characteristic values for representative watersheds unit ; mm
i K PRV =R R 187K 3
KK R (. = = -
S K SRR FLBRBEIK S K SRR SEBRREK SRR SRR S2BRREK
K 1h 23.9 26.4 34.6 23.3 20.2 25.1 23.1 41.4 44.2
K 3h 62.5 64.4 79.0 58.8 50.1 61.2 65.8 105.2 115.7
K6h 103.7 103.7 121.2 101.2 84.1 103.8 122.5 148.7 169.5
K 12h 161.3 173.4 192.5 164.0 133.6 167.9 201.7 206.3 236.8
ek 24h 254.0 322.4 355.8 255.5 264.2 318.5 263.3 384.7 453.2
K 3d 276.9 630. 1 597.6 320.4 496. 1 501.6 292.5 677.5 763.6
SRRk 276.9 641.8 601.5 320.4 496.7 505.7 292.5 685.4 769.4
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x4 RETEBIEDEEEKFEEST AL mm
Table 4 Statistics of precipitation characteristic values for representative watersheds after data interruption unit;mm
s K PRV SR AR 18 7K 5
Rég 7K A E AP - - -

SRR S R K M1 “ /3 SRR S R K EMUN /N SRR SRR SBRREIK
K 1h 3.0 17.0 23.7 7.9 12.0 25.1 6.5 41.4 44.2
K 3h 3.0 49.9 61.9 20.1 32.5 61.2 14.4 105.2 115.7
K 6h 3.0 93.6 91.3 24.8 57.5 85.9 19.9 148.7 169.5
K 12h 3.0 157.1 135.0 28.7 96.8 115.1 30.5 186.4 225.4
K 24h 3.0 254.4 239.4 32.1 188.4 187.7 30.5 314.4 371.6
IR 3.0 314.1 267.3 32.9 237.4 202.6 30.5 421.9 456.4
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