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Tablel The design rainfall depth corresponding to different
volume capture ratios of annual rainfall of Xiongan New Area
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Table2 Values of threshold rainfall and GPD model parameters
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Fig.1 Rainfall of different return periods of Xiongxian
2.2 RIERRKITERRBEEHERF 5 T
B AT R AR S BUG g ik i — B, AR
AL B TR U Tz B, B X (i=
1,2, ,n) AR SR X LI , 2% BEAG T 2%
Br W/ (1

fl)= e MK (1)

K on FEEAWMMER N EGK (1) AR AT R
B, TRIPRAZ BREI b R T 98, e A R T 2% F Y
AT S i A 2w AP S =y A QT | Wi 7
DX R 20 ) B SR 2 T DX AT AR it e B A PR AR T
85% , Xt IV 85% 4% il 2R A TR MY i 34mm, GLit 3 4
Ul R AR H REOK ST RE W R R H B, R
1974~2016 3K 4T 138d, B3 1968~2016 43t %
A 162d, & 1960~2013 4F 4% A= 188d, LUK Ak bR Ay
— A B A BT R R (B RE K ) H B AR AR &
Az H B KAy B R 22 ) B A 8] 2 T

&l 2 mh BT DR AR 5 v A% %% B eR ARt 2 IR
BN, P AR SO A% (DX (2) ) % 4% 3 i
AR H A BT R AR A H B0 T % A T
AR oM R 2 B R N R 3, i Al s oA —4F L & A i
THRERR Y H 5, AR AR A X R AR AT 00 3 il a5
A ARE 5 3 Y 2 AT S B0 TR | IR 2R Xof 7 AL, I
B SRR = SRR B I A AR AL bRy 2~2.5
(Y IR BIEE A, 7E DX (8] K/ IMHAE I L, A0 5 I (E
ST I AR A A 1 DX ] 55 4B 25 2 ot 2 R 1 T AR A
KEER R, U HAJGIAN 3 A —F A4
A 2d Bk BT R E R K AR R R

o)
L, o

270

K(+)= (2)



K 3L

a1t

AT — b X AR AR I B A R R i X
PP REK BB SmAS X A R4 Y e X
R—AF TR R RIRORA 225, PRI —4E 5L
% H BEKEAE B K i R T 85% % il 28 i i TR
SN PR RN T, AR E/ NN
LR RKBUE T, Gt —4F B a4 filFEK R, 51X
SRR B LU NPAZ A % RSO T 3 0
FUBAEE SR Pl R 2R o anE 4,
IR AT Hh R L A s KA T R 100%, e/ N Tl 52
B 64.7%, H 27 AEFEHIRAE 85% LA |, SRR

62.8% ; ZEYRAY I KIE B R 100% , He/MEH %02
57.5%, £ 33 M EHIRTE 85% L |, A SRS
67.3%; LRI KIE R 99.2%, /MR &
68.0%, A 31 4 MEEHIRTE 85% L |, M BAEEL
57.4%., M5 52 BRI TS LRB AR
R SR R0 E S M-K 3P e s
FZIE 99% , H i W shACh B i s B4 i e g
A Nb T8 8 K MRS Kripalani 250901958 X LIS 5 5
B B bR 22 5 - YE F A B 080 RAFAEBRAE 1L
ROMER ARE BRI R RO R 9.4% . 10.1%

HEE: A LR
184 18 18
16 16 ] 164
14 — 14 144
w2 12 121
=10+ £ 10 & 101
R =2 8
8 E 8 B 81

61 61 61

4 4] 4

21 2 2

0 , . ot [ - ol S W

01 23 4 5 6 7 8 9 10 01 2 3 4 5 6 7 8 9 10 0 1 23 4 5 6 7 8 9 10
H%uH H%uH H¥UH
2 AR BB R A Y H AR AR 5L
Fig.2 The amount of rainfall days who excess design rainfall and the number of corresponding years
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Fig4 Volume capture ratios of annual rainfall



4] TR AR ABIRE AR M 2 IXAR AR I A R R e 5 5

9.3% , = Al AR R BN, BARTT LUE K
F 41 H KT H AR AR I e 4 SR 5 18 R R (L
() ——XF R FR, AERXT R — R BT R e (AR 1
Pl R R R Al . BAARFK H B8k
Ak, PR B — A BRI R B — o AN T

KT MR ABL R K S A 5 A PR AR T R HE
85%IKF, ARG 3 ANl ST RN T 85% M4
1 AB R AB R Ay, R —4E R A 2 gk
MRS b Gt SR AR . HER 78.9% , 28I
88.2% , L3 65.4% , Ut FHAR AF I /K 1) & A 5 4 il R AIK
TR ERR R, ZRIREAL, Hr 1961
AF 1968 4F- 1969 4F VA K A AR B 7K AH R 32 i 1A%
T 85%,— &N 1961 4F 5 1969 4F & A B 1%
S H B AR 6d 2 AR EAR T HE 2d
BB HECR R, T 1968 AF FAEFE K R I, HECR
TEFE TR P B UR IR AT A B R K R
Bl 2 2o B SN = o0 8 % g e o R (21 8
() H B AF BB AR R (R B2

R T AE T4 BTl AEL R /K GO0 AR AR B e i o %
AR, F5 H KR PR/ A g,
B, TR R 34mm < P<2 E—iB B KAE 2 4F—
18 [ K A(H < P<10 4F — 8 [ K (E 10 4F— 8 R K
< P<50 AE—B K B 50 4E—8 DL F KB 5 9N
AB.CD%,

O3S GE T RHAE BR P 4% 3l 5 AN TRl G K 1 H
B A5 i G R KO R T AR R R 859% Bif 1Y
BT £ 34mm Jr 7= A (A2 i HE L 2, 3 1ol a5 i
HECmIk AR i (R THREmI e (E ) ) H £t 488d,
HHE ik 9 K A2 & 10 465mm, Forp i B 138d, HEjik
i 3 106mm, 23 162d, HEHUE 3 484mm, &3 188d,
HEE 3 875mm,, AHCHEARGEITILER 4, Hrb HEGS
F A sl i S — K BB i 5 REHE R 7K AR 0
HEUW HUAA, HERCE: 5 s B o — S g oK = A 1
HEm iz B HERCGE A Ll 3% 4 AT X
[ — 3 45, AR ZK (B .C.D %) H %L H AR T ik
s R e B i B R K H AR R 13.8%, FHE
HCE b HE R 34.1%, FH. 3 il S5 AR R K 3 & AR
69d , Bk 5 A HER H B0 14.1% , 7242 T 45.2% 19 HE
Jilta R A LR K R A R H B B R 1 s HE
it 7 HCAD HL AR, D AR AR A K B AR & A 1 B D
EZ X HE R 1 DTRRRE LR, XA I A et Fr 92 il

F4 TREZMEKBHERHARNE
Table4 The number of extreme rainfall
and emissions of different levels

i AR Szt A% B% C% D%
H % 116 19 2 1
H % /% 84.1 13.8 1.4 0.7
I L HEBC R/ mm 1553 1058 266 229
Helca o Lk /% 499 341 8.6 7.4
Y HE i /mm 13 56 133 229
H % 138 19 4 1
H 55 /% 852 117 25 0.6
casit Hejilt it /mm 1949 1001 353 181
Heffi o5 /% 56 287 101 52
Y HE i /mm 14 53 88 181
H % 165 17 6 0
H % /% 87.8 9.0 32 0
L HECE /mm 2229 986 660 0
Hefi o5 /% 576 254 170 0
Y HECE /mm 14 58 110 /

RCRA I IS5 R, A K AR R A Y HBUR £
2= A W HE R ARG, B EIWIE S, B—3
R 7 A A HETBC R S O, R AT 92 T 23 1) ) 553 5 2 1
K, IUHSE R A THER 1991 4E 7 A 28 H X5, 2016
7 H 20 HWESE—BREK, FBEKE D5 E
237mm K 214mm, ¥iER T4 H4ZE 200mm AHETL
i AR R LR 67% M 58% , ik T
WA,

34 A 12d BRI S 100mm/d, R4y
BT RN 2 A 52, 1 — 25 3 LB T FH N 19 128 B [
KGR, BB K BB R ATER R S50 R, H KT
[B] A JE 12h, — %K 4~10h, KT 10mm/h /N
WK K Z4E h7E 4:00~8:00 19 I BE . Z R HIBLK T
50mm/h PR ERRESK , Hir 2007 4F 7 H 31 H7EME
BT 89mm/h WRE/K i HFEK R 1Y 82%, 1%
KEEKHKRAET 44 h, HA 3h BEAKSMHEAA
6.5mm/h, FERN 4346, AT WA X 38 H N B 5K 4
A7 LEAAN IS B s R 7K RT F fef 15 RR K A28 dt A o ik
Jith TG 3% B B 47 ) A3 B K i AR LID #5 it ah AN B 3T
SRz

3 Zhig

RSO LI DXCHE B I 2R = Al AR AR
UL S A RO IO ) T R A TR, b i e



6 K 3L

a1t

Wi SEERROCR, R8T X R K AR L4
TR KHEATIIE , Z S5 FIH] GPD 234 A4S BRAUSR
ittt 3 Aol U R B B (R KR, DA
ST K 5 AR T A AR RO R 4R T .

(1) B30 DX 3 A aaly A [ AR AR I o e 4 1 38 0
N BT RERT A, PRI AT LU S4B AR M 22
IXHEAR R 75% 80% 85% 90% 95% [ AF- At A it
5 1) 2 X6 N 55 T R R A 43 00 oA 23.4mm  27.9mm
34.0mm 42.8mm 59mm , BEFE P 28 00 5 o X Y 3
THRE AN B, I LR R 1 44 ok g ek
AR, TR A o e R AR I Sk AR i 1R
TR Py S B A , DR 42 T S D PR R B e, 38 1oy %
JEATREE . It 20mm AR RR R (4
PR P AR AR P &, S TR XA
KA PR SR AR R RCRAL T AR X

(2) MEZEH X 3 A ul Ay 2 4 —18 10 4F—18 |50
HE—18 100 4E— 18 AR B RE ARG THE 00 0 . S
73mm . 121mm 195mm 237mm, % 3% 73mm 112mm .
157mm  178mm, ZH 74mm  115mm  166mm  193mm,
FhTHE 95% A7 B2 #4 B A7 DX 1R] Bl 25 o 400 18 K 44
RO AHETESE S

(3) MR AB R K A S 4 i) ZRAR T BT K- 85% A
— R LI FR R AR R — AR U AR 2 A
PE AR Oy 7 G2 3 AR 1 1 ARl 78.9% .88.2%
65.4% , AFFE T 320 32 BIE BT RE I B 1Y FEK H AR AR
e 7K S 2 DR 2R A S ) B (B R /K R R LR ARG (H
SRR R TTHRAN LR, Gei Ty 3 il R (AR
KR H AR A S HECH E 14.1% , X8 SHECR Y
DURRRAT 45.2% , IT LIt G W AR K e B O, b4
] S5 P18 ) 5555 20 R G, 100 4F— 38 DL A R K mT fif
AR PP R AR TBOTHE, BAERRK T H MK E
B TR E], BRAEFEK A H N A A 47
Al e A LID AN IAER

BE W

(1] SR, SR, 2Ra, 4. USR] K il Bt AR A
R A o E A K HEK ,2018,34(11):126-131. (ZHANG
Zhiming, PAN Runze, LI Jungi et al. Impact of climate change on
volume capture ratio of annual rainfall of stormwater facilities [J].
China Water & Wastewater, 2018,34(11):126—-131. (in Chinese))
XNERIE, THE WK, 5. ARRKSCHERDE IR TR R AR
HREEMEWFFT[T]. K A4, 2019,50(9):1072-1077. (LIU Jiahong,
DING Xiangyi, SHAO Weiwei, et al. Characteristics of total runoff

—
N

control rate of sponge cities for different hydrological year types

[J]. Journal of Hydraulic Engineering, 2019,50(9):1072-1077. (in
Chinese))
[3] BRI, HEX6HE, XIBbRk, 4. B IR AR PRl AL RHIE A AR A2
T AP R AR )], KR4 412,2019,50(12):1510-1517+1528.
(YANG Moyuan, PAN Xingyao, LIU Honglu, et al. Accurate
calculation of the volume capture ratio of annual rainfall
considering the field rainfall evolution [J]. Journal of Hydraulic
Engineering, 2019,50(12):1510-1517+1528. (in Chinese))
ZHRAT, BRAH, FICSE, SF. B A X K AR AR A 4 AR Y
AR T E 4K HEK, 2019,35(9):120-126. (LI Jungi,
LIN Xiang, WANG Wenliang, et al. Analysis of influence of

[4

=

rainfall interval on volume capture ratio of annual rainfall [J].
2019,35(9):120-126. (in Chinese))

EMENN, BRIESe, ZEgR2, &5 [ MT4RRAIE XY 22 R T 4R B0E /N X
PRV ORI RIL/OL. 5 A6 R 2244 (1 SR RR):1-7[2020~
11-02]. https://doi.org/10.16511/j.cnki.qhdxxb.2020.25.029. (YIN
Dingkun, CHEN Zhengxia, LI Qian et al. Influence of rainfall

—
4

characteristics on runoff control of a sponge reconstructed
community in a rainy city [J/OL]. Journal of Tsinghua University
(Science and Technology),1-7[2020—11-02]. https://doi.org/10.16511/
j.cnki.qhdxxb.2020.25.029. (in Chinese))

ZRRAT, MO, AR A R T X R K AT AR TR B e 2 1 R R 24h BT
Y4 i 3R 0 5 AR AT )] 45K HEJK, 2018,54(1):21-26. (LL

Junqi, LIN Xiang. Analysis of the influence of extreme rainfall

—
[=))
=

events on the annual runoff control rate and rainfall field control
rate within 24 hours [J]. Water & Wastewater Engineering, 2018,54
(1):21-26. (in Chinese))
[71 sKBEHH, WRsaE, 2R ar, 5. b H R 25 6] 22 AT F K A2 U
SR EIESIREm)). KREIER, 2018,29(4):465-472. (ZHANG
Zhiming, HU Beibei, LI Jungi, et al. Influence of spatial variation
in daily rainfall on volume capture of rainfall by source control
facilities in China [J]. Advances in Water Science, 2018,29(4):465-
472. (in Chinese))
mA N, IR, EE. UM TR R G A SRS
H SR K FE 2, 2017,26(6):224-230. (GAO Yongsheng, LU Fan,

—
X2

WANG Xue. Study on statistical modeling and frequency
calculation of extremum rainstorm in Hangzhou City [J]. Journal of
Natural Disasters, 2017,26(6):224-230. (in Chinese))

(9] B, EHE, R, A FER IR BRETE K ST GBI A 1
FEEA TR IR AT T EREE AR, 2013,43(12):1299-1308.
(LU Fan, WANG Hao, YAN Denghua, et al. Application of profile
likelihood ~ function  to  the

uncertainty analysis of

hydrometeorological  extreme Scientia  Sinica
(Technologica), 2013,43(12):1299-1308. (in Chinese))
[10] Sh#%, BRAE, PRFIE, &5 SEBRRIReR B hE TS

i+, 2012.29(4):478-480+483. (HAN Dong, CHEN Zheng, CHEN

inference [J].

Pingyan, et al. Profile likelihood and its application [J]. Chinese
Journal of Health Statistics, 2012,29(4):478-480+483.(in Chinese))
[11] G, SROTRE, AZESE. U] it (o { e R RE A BB S AN T
FEMEHI]. ANRKIT, 2016,47(7):23-27+33. (LU Fan, SONG


https://doi.org/10.16511/j.cnki.qhdxxb.2020.25.029.(YIN
https://doi.org/10.16511/

4] TR AR ABIRE AR M2 IXAR AR I A R R e 5 7

Xinyi, ZHU Kui, et al. Simulation of above —threshold rainfall Monitoring, Analysis and Forecast for S1 at the 33rd Annual
sample series of Dadu River Basin and uncertainty analysis [J]. Meeting of Chinese Meteorological Society[C]. Beijing: Chinese
Yangtze River, 2016,47(7):23-27+33. (in Chinese)) Meteorological Society, 2016:12. (in Chinese))

[12] EHk, 323k, Hbete, & AEACERE T AEZ VLI UK SO AR I8 78 & [14] A155, ESCHL, BEFH, S5 ST e s B Al i T 2 A A
AW EEDFIIL AKFIKEIFAR, 2019,50(7):55-63. (WANG Lin, JTERI/OL). H ) R 48 B FE A B A2 41 :1-7[2020-11-14]. hups://
PENG Tao, DONG Xiaohua, et al. Analysis on evolution and doi.org/10.19635/j.cnki. csu —epsa.000609. (FU Qing, KUANG
uncertainty of hydrological extreme value of Yalongjiang River Wenkai, XUE Yang, et al. Gauss Kernel density estimation based
Basin under changing environment [J]. Water Resources and detection of street lamp electricity theft [J/OL]. Proceedings of the
Hydropower Engineering, 2019,50(7):55-63. (in Chinese)) CSU-EPSA, 1-7 [2020-11-14]. https://doi.org/10.19635/j.cnki.csu—

[13] Z3CUH, RO RGNS, 2. RO BEAGTHE R B MK ge it epsa.000609. (in Chinese))

PN Al PES S 45 33 JEPEAR LY SIS S KERXR [15] Kripalani R H, Oh J H,Chaudhari H S. Response of the East
MDA HBAR(CL. AL R E R R4y, 2016:12. (LI Asian summer monsoon to doubled atmospheric COx Coupled cli-
Wenjuan, ZHAO Fang, LI Minjie, et al. Application of kernel mate model simulations and projections under IPCC AR4 []].
density estimation in the statistical analysis of short—term heavy Theoretical and Applied Climatology, 2007,87(1-4).

Precipitation [A]. Chinese Meteorological Society. Disaster Weather

Effects of Extreme Rainfall on Volume Capture Ratios of Annual Rainfall of Xiongan New Area

HUANG Wei'?, LU Fan?, KONG Fanzhe!, ZHU Houhua®

(1. School of Resources and Geoscience, China University of Mining and Technology, Xuzhou 221116, China;
2. China Institute of Water Resources & Hydropower Research,Beijing 100038, China;
3. Water Resources Management Center, Ministry of Water Resources, Beijing 100038, China)

Abstract: In order to study the effects of extreme rainfall on volume capture ratios of annual rainfall, this paper computed the
design rainfall corresponding to volume capture ratios of annual rainfall of Xiongxian, Rongcheng and Anxin stations in Xiongan
New Area, analysed the relationship between the design rainfall and capture ratios and verified the rainfall runoff source control
effect subarea of Xiongan New Area. GPD distribution and contour likelihood estimation were used to estimate the rainfall values of
three stations at different return periods and the relationship between exireme rainfall and total annual runoff control rate was
analysed. The results show that the design rainfall increases with the volume capture ratios of annual rainfall increases and the
design rainfall increases faster than the capture ratios and the rainfall runoff source control effect in Xiongan New Area is in the
area of medium quantity and low rate. The amount of daily rainfall which excesses design rainfall in one year within 0-10 and
highest probability is 2 days. Corresponding to a certain design rainfall value, volume capture ratios of each year due to the
abundance and lack of rainfall and the scale of extreme rainfall events. Extreme rainfall is likely to cause volume capture ratios of
that year is lower than the design value and is also influenced by the number of daily rainfall excesses design rainfall and total
annual rainfall. Although the amount of extreme rainfall is less, the contribution on emission is large, and with the increase of
extreme rainfall return period, weakening influence on the control effect increases. The distribution of intraday precipitation of
extreme rainfall is not uniform which may cause LID measures to fail to meet the design goal.

Key words: Xiongan New Area; extreme rainfall; volume capture ratios of annual rainfall; GPD distribution; contour likelihood

estimation
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