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Research and Application of Flash Flood Early Warning Method

Based on Dynamic Critical Precipitation
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Abstract: A flash flood early warning method based on dynamic critical precipitation is proposed in this pa-
per. The method calculates soil moisture saturation using the Xin’anjiang model, then sets up forewarning
discriminant functions for three time-scales, 6 h, 12 h and 24 h, using Widrow-Hoff algorithm of minimum
mean square error criteria, and based on soil moisture saturation and maximum 6 h, 12 h and 24 h precipi-
tation before each flood event. With this method, together with rainfall data of the 17 flood events occur-
ring during the period from 2003 to 2009, wich are obtained at precipitation stations in Pihe Basin parame-
ters for the model are calibrated and the method is applied in 10 historical flash flood events to verify the
three time-scale forewarning discriminent functions. The correct forecast rate is over 70% , demonstrating
that the method is reliable and can be used to flash flood forecasting and early warning.
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Fig. 1 Drainage network of the Hengpaitou
catchment in the Pihe River Basin and locations

of rain gauge and streamflow stations
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Table 1 Characteristic values of historical floods in Hengpaitou Basin
HKF 5 HEIKIT B i ] HE IR &5 g (1] Ve B 1] S e U 3 B /m® e s
1 2003-6-26 08:00 2003-6-29 08:00 2003-6-27 20:00 708
2 2003-7-4 08:00 2003-7-8 07:00 2003-7-6 03:00 1040
3 2003-7-8 08:00 2003-7-16 08:00 2003-7-10 20:00 3610
4 2003-9-5 08:00 2003-9-9 08:00 2003-9-7 08:00 309
5 2004-6-14 08:00 2004-6-18 07:00 2004-6-15 20:00 324
6 2004-6-18 08:00 2004-6-21 08:00 2004-6-19 20:00 456
7 2004-8-13 08:00 2004-8-21 08.:00 2004-8-15 02.:00 1120
8 2005-8-22 08:00 2005-8-26 08:00 2005-8-24 06:00 446
9 2006-7-26 08:00 2006-7-30 12.:00 2006-7-27 13:00 1940
10 2006-8-7 08:00 2006-8-10 08:00 2006-8-8 20:00 274
11 2006-9-3 08:00 2006-9-7 08:00 2006-9-5 08:00 620
12 2007-7-22 08:00 2007-7-28 08:00 2007-7-24 07 .00 208
13 2007-8-27 08:00 2007-8-30 10:00 2007-8-29 06:00 422
14 2008-6-21 08:00 2008-6-28 08:00 2008-6-23 06:00 480
15 2008-8-13 08:00 2008-8-19 20:00 2008-8-17 08:00 1140
16 2008-8-28 08:00 2008-9-3 08:00 2008-8-29 23:00 862
17 2009-8-5 08:00 2009-8-8 21:00 2009-8-7 02:00 1170

2 kN4

FE T 2l 2 5 A B 1L OB 7 A AL A T T R
HETRAE L R R T B B LA K S 2 e B
TEPRf 2 55 3 T LD INE

2.1 EWEItE

T T 5 O 4o 34 B RN ) J2 48 — R R N T AR
o AN RAOE B OF 2 R R . R
KT AR R AR 2 00 1 4 ) 55 W i
Ak (TR b 55,2001 5 7 284255, 2003) o AR SR %
AL NI e B Je T T A% o 0 I B TR L AR
R 54 T o 3l T o A T AR L SR A 3k )
DAL A% T 3 1 B B O B o R AT S R AR . O
YR TR B R A 2R

P= i]w,-P,. ¢P
i=1

s TR IN 2% T 0l BCEE 5 Py O IR AN 45 T
0 A I B AT A B . mim n O O A T B
HUR

2.2 TEESKEBMETE

K W 22 1L 7K SCRRE B O 2 VLA AL GBN AR
1984) e TH 58 38 & /K S A AN BE . 7R R B 22 VAR
RYBEAT 7K SCRERDLIS 18 56 AR 908 e 7K R B T8 ARp A1k
TR 53 Ry A BRIT 5 AR R AN BT A AT
FEIL TR A5 B B 0 I 0 R A R s R R
T 2 I 1 O AT S 0, B AT A5 B R A 3 e
PR U R [ N 3 T i K R (R R DR S AR
o I B LK L BTz M T
D10, DX 7K SR 5 7K S RS ADL, R A TR
B 9 1 P 3R (B /DN 3 55 2006 5 2K 55 2006 5 1k A%
4,2012),

BRI 4 D RESRAL R, B & B B L7
TR 7K PR HR T A R 4S5 B 3 53] %o bz
AR BRERI SR, Horp, 28 A B B ml L 52 B 4 o
FOK BB . &R BRIE L3I EJR VTR
WIE5E 3 2, MR 1 EIKE wn W E2
wu ., P2 wl IEKE wd, B wm=wu+ wl+wd,
Ty B ) & /D B A K i wm, = wu, + wl, +
wd, o R TR E OF S8 S KR Y R R R



104 A

% 5540 %

iRk Sk A WM, 3 & K &R E A
N
TS KBEWHE = wn, /WM (2)

2.3 MEHTHEFATEER

[ TR 17 I WG T AL A = A 7 e )
24 h WK 6 h Rt DL i% 6 h i K it
R Z AT AR

AR AR U K S R R 5 U R R K R
R G Ay R N R T R 2L O SR T T RN
ZEN B W-H (Widrow-Hoff) % ¥ (#) B 3£,
2002;Gong et al,2009) . X ¥ K 2t K i3 72 i £
A K A B AR K 6 h Bt = A A HE AT 4
FKCAEITENT

(D) AN F S KB E A K 6 h 8
TR 2t 20 GO N7 P I A 7 A o U

(2) LAV 5t 2 75 o 2ok " 00 O S5l ol A B AN [
4 - 5 K R R B AR K 6 h BT R 4G R A
Sy L R A R KR (Zon 2R )

(3) R W-H ik, DL /N 05 22 0 e ), X
YR H ) o SR I AT PR 4 (L 2) g
7. ) 25 W S TR A 4 K R RN R ) 4R 1 O R AR
AL, DL AR Sy ol 980 B 2 lm SR R ) eR AR
(& 3);

C4) I 3l 25 1 5t T =8 1 4 052 1) ) b 45, AR
Pt A T) 8 B oK A AR 314 6 h Lkl B RN A
A 6 h [ A L S R DU AT L

[AE o] DU 2 %5 12 F1 24 h (1) BT &
S N7 A A 48 KRR BE Y 43 A L 45 8] 12 Fi1 24 h
T T o ) R BE ) 2 2 I B Lk 9 ) S e
5.

3 W FH S

3.1 RESR

A Ry RE A 3R T RN S T AA AR T B R AR A A
HESK MR T vl 0. i3 FH B ik 2 W ikt
AT oy SR 43 R 5 AN BTG Ik . BRI R S T
B WL 2,

3.2 FRIIBRBERTELER

HAE 2003—2009 4RI 17 3 5 s kK 5%

EHLLAr=1h i Bk R AT SEC-UA 22 R fli b3
TR (BB 2008) W B L AL BU AT S ]R8 . 5
EV S ERUE
x2 BEHLRESHREBER
Table 2 Area-weights and areas of sub-basins

in Hengpaitou Basin
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Table 3 Results of Xin’anjiang model

parameter calibration

75 EYiv:-94 ZH SHE
1 ORI R K 1.0
2 TR B KA i 40T I 2R A R B 0.30
3 WRZHR RE C 0.17
4 7K J1K 45/ /mm WM 129
5 Rk Ik A/ mm WUM 23
6 T2k Sk 45 it/ mm WLM 60
7 AN 33 K T R ) IM 0.01
8 B K A=/ mm SM 50
9 WA dKF R R AE R EX 1.2
10 HbR K I R 5 KG 0.05
11 Herhoi i R A KI 0. 65
12 R K IR R K CG 0. 90
13 Herb IR R AL CI 0.85
14 TR BV 09 S 3 Tk R A X 0.014
15 it B /h TT 1
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Fig. 2 Relationship between 6 h maximum
precipitation and soil moisture saturation

in Hengpaitou Basin
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Fig. 3 Relationship between 12 h maximum
precipitation and soil moisture saturation

in Hengpaitou Basin
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Table 4 Verification of the 6 h critical precipitation index based on soil moisture saturation

(DR &/ N &6+ S 9/ 14

s 2 9 4t [ER

KPS T i (1) Pl /m e s 1 /mm /mm ST T JE A5 IE
1 2003062309 116 0.82 47.95 12.11 N N
2 2004053009 270 0.95 42.01 42. 33 = X
3 2005090218 778 0. 84 47.04 42.11 = X
4 2005090220 1180 0. 84 47.04 49.42 = N/
5 2005090217 580 0.83 47.49 38. 44 N J
6 2007071701 165 0. 95 42.01 11.56 N N
7 2008070819 208 0.96 41.55 5.39 w5 J
8 2009063003 640 1. 00 39.72 19. 25 & X
9 2009073009 213 0.99 40.18 21.05 & N
10 2009080105 310 0.98 40. 63 18.67 s N

®5 ETIEAKEEMEN 2 hiFERWEERLR
Table 5 Verification of the 12 h critical precipitation index based on soil moisture saturation
L EIL =) G A~ = A o - 7N =

vk mme SEPRR BRI R B pame nae
1 2003062319 274 0. 80 58.58 13.12 5 N
2 2004053009 324 0.73 62.59 50. 41 = N
3 2004053007 306 0.70 64.31 57.71 N N/
4 2005082919 256 0.77 60. 30 21. 89 w J
5 2005090213 977 0.79 59. 15 66.52 & N
6 2007071621 174 0.92 51.70 22.05 w N4
7 2008070819 246 0.96 49. 40 5.79 N N
8 2009062921 640 0.99 47.68 46.61 % X
9 2009062916 422 0.92 51.94 64. 95 = X
10 2009062920 596 0.98 48. 26 48. 39 = X

6 ETIERKERHNEN 24 hIERATERFKLE
Table 6 Verification of the 24 h critical precipitation index based on soil moisture saturation
L =R 3 A ol 2L e STR=N o =

sk mmw SEPIRCERERE R B e paEm
1 2003062307 274 0.68 85.17 40. 76 w5 J
2 2004052921 324 0.67 86.19 67.24 N N/
3 2005090201 977 0.79 73.97 70. 34 % X
4 2005090223 778 0. 86 66. 85 61.51 w5 X
5 2005090204 1570 0.79 73.97 97.61 = N/
6 2007071408 182 0.67 86.19 25.32 N N
7 2008070813 246 0.95 57.69 12. 41 %5 N
8 2009062908 640 0.77 76.01 109. 87 = N
9 2009062920 731 0.98 54. 64 71.38 = N/
10 2009082907 366 0. 90 62.78 49.59 N N
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