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Abstract: In this paper, sub-catchments of small rivers in Hunan are determined based on DEM data and
D8 algorithm. According to the network propagation model for flood forecast of main rivers in Hunan
Province, a directed graph related to the sub-catchments has been built, which represents the topological
relationship among these areas both in temporal and spatial dimension. To build the relation between pre-
cipitation and runoff in a reasonable space, the concept of valid rain-area related to the flood graph is pro-
posed. By using the valid rain-area data series and runoff series, the hidden Markov model is built to calcu-
late critical rain-area threshold of flood disasters at different time scales in the sub-catchments in Hunan
Province. Finally, the observed flood warning data (collected in 2010—2015) are used to test the proposed

method. The results show that the new method has similar performance to traditional statistical ways but
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is more accurate and stable. In addition, the successful application of the new method to the operation of

forecasting flood disaster on 13 June 2015 further proved that the new method is suitable for flood forecas-

ting.

Key words: small river, rainfall disaster, hidden Markov module, threshold of precipitation
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Fig. 1 Distribution of small rivers in Hunan
based on D8 algorithm, DEM and
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Table 1 Performance of interpolation of rainfall data based on Kriging with different parameters
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Fig.5 Hydrological observations from 2004 to 2010 at Guiyang observation station (a) and distribution

of start-up point and critical level at different time scales by Guiyang Observation Station (b—1)
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Table 3 Rainfall threshold at Guiyang Hydrological

Station calculated by statistical method

MR R BE /R 24 48 72 96 120
i/ mm 1.0 30.1 46.09 73.9  97.6
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S IE 350 T A I A A O I 3 B K SO AR
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Table 4 Partition of level series and rainfall series

K 3R 43 X TR X 8] 2 45 (i X [B] ¢ 116 A 9 35t 4] 4 B[] X 8] 2 47 (i X B] ¢ 1k
(HITE /m /m (K-#11E) /0.1 mm /0.1 mm
1 40. 07 40. 57 1 10. 068 52.718
2 40. 58 40. 67 2 52.719 117.98
3 40. 68 41. 27 3 117.989 210.1
4 41. 28 42.97 4 210. 11 391.2
5 42.98 43.95 5 391.3 760. 87
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Table 5 Rainfall threshold at Guiyang Hydrological R = K 2 (2; — O (2
i=1

Station calculated by HMM method

I RBE /b e KRR P S I S W A B/ mm
24 3 11.7
48 14 22.0
72 144 43.02
96 1445 82.1
120 14445 103. 2

. R 1 {E 5 T8 A A3 XoF B ) S5 B T R 3 £
PR 2% B mm; KO B ROK A7 A 5 A K
oy AR U B RO A 2o R ) S5 RS T R
{E 50 S % RO B4 AT

28 3k 92 D0 OB AN A5 0 BT R TR A 2R R
GE ik AT MM 2 9 (6 LA B 55 1 349 {820 5 0 -

x6 BEFAMAEMNSANFREBETENSER
Table 6 Rainfall thresholds of multiple catchments calculated by statistical and HMM method respectively

. ; U381 4 B/ mm
PR Ui g
24 h 48 h 72 h 96 h 120 h
2 21 42.3 50.3 74.2 80.5
4 23.3 49. 8 59.7 117.2 136.5
itk 6 27.7 56 83.7 96. 4 105. 8
8 11 17.7 29.3 38.8 48.6
15 17. 4 34.5 55.1 65.5 78.2
2 24.7 38.1 51.5 98.0 111.4
4 17.0 58. 4 99.8 218.8 260. 65
HMM 3 6 30 40 79.1 113.8 145.1
8 26. 4 62.7 99.1 191.8 228.2
15 15 35.1 55.1 102.1 122.2
RT WA H BB E XS VLA JL AT B
Table 7 Geometric distance between the observation samples and the threshold calculated
by statistical method and HMM respectively
. . WK 4/ mm TR % R) /mm
WIS P e ;
2010 4F 2011 4F 2012 4F 2013 4F 2014 4F 2015 4F ity HMM ik
2 iH 5 38.2,21.3 ¥ ¥ & & 13.4.27.5 4.976 4.536
11.0,13.6,
4 LB 18.8,23.3 28.6 15.5,23.3 12.2,19.8 27.2 4.13 2.618
19.1,41.1
15.2,17.6,
6 15 25.8 % 15.9.21.2 % s 21.4 3.2 4.0
O.
38.5,10,
S N % 18.8 % % s % 7.15 5.7
.0
15 fig 1l 24.1,13.2 ¥ 15.5.23.5 ¥ 18.3 20.2,12.2 1.6 2.0

T Ay AR AR U 0 25 B0 35 2 T e 47 B K 7 1 s B IX ) 9 A LA X099, 75 %6, AX100. 25 % ] (A K8 K i) o

Note: In order to reduce the influence of observed noise, a warning water level is regarded as a interval, such as [AX99.75%, AX100.25% ] where

A is the warning level value in theory.

4.21 F1 3. 78 mm, X )y 250y 4. 26 F 2.2, AT
UL AHXS T GE 1, 3 T A SCH S 0 5 A By )
iy 258 0 ST 0 ) R e

Sy 50 9IE 19 B AE A5 B G0 I b ) Ml 55 g A
0 R R A SCHR 1 05 IR T A L 1Y) A 43 AT
& FH K U o & L AT 2015 48 6 H 1213
H A R 7K SR 0T T8 A /0N TR A 2 W L K O R A
Bl 6a kiR 6 71 12 H 08 Bf % 13 H 08 B ()¢

KB L 1] 6b Sk T % Bk K TR AS R ) /N
HEOK FUREE A 18] 6¢ S W 48 7K SR 52 00 U 1A
AT LU M T AR 5 15 1 L RE 020 TOUAR o XUt L o
S5 VAL BRRIAR Lol ) BOK AL, (E A AR B R
DL N E G A TR R W L R R A R B P R
JIT A 38 (9 5 U0 B iR 32 S R K U iR 22 Y
M) Al 0 = B 2 U (B D AR )
it BRI 55 18 17 ROR A B {E AT A 3 AT
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()24 h B, (b)24 h B Hr,
(o) 32 B 35 3 2 W K A T 3 1 43 A
Fig. 6 Application of the critical threshold in

carly warnming system (a) 24 h forecast,
(b) 24 h early warning analysis,

(¢) actual warmning stage of river
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FERL

(1) R [R)TF 4% G iy 3 T 3 50009 10 I 2 100 4 4
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% 5 AT 0 55 By A1
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BT, B KR AN T W25 R B SO koK A
ML GE T2 B £ 1 A5 32 0L L XE LA 2 b 55 1Y 52
B R %5 . 52T HMM J5 3k R T 08I0 2545 43
SR SR A B e WE R A T, — R AR T
BE AL T Y 52 W [] B i 804 43 B & 2l £k N T
Mk 55 Ak 1
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