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Topography-Based Dynamic Critical Arearainfall Threshold for
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Abstract: A topography-based dynamic critical arearainfall threshold model was developed for solving flood
warning of the ungauged and small to middle-sized basin in this paper. The exponential equation model be-
tween dynamic critical arearainfall threshold and four main characteristic factors was established. The four
main characteristic factors include basin area, channel slope, land use and soil type, which affect the flood
generation processes primarily in small to middle-sized basins. Dynamic critical arearainfall threshold in the
ungauged basin is calculated with the developed exponential equation model of the gauged basins and four
main characteristic factors of the ungauged basin. Five small to middle sized basins in the subtropical mon-

soon climate region of eastern China were selected as the test basins, including Huangchuan Basin of Huaihe
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River, Tunxi and Yuliang basins of Qiantang River, Xitiaoxi and Nantiaoxi basins of Taihu Lake. Taking
the warning flood as an example, dynamic critical arearainfall thresholds of Huangchuan, Yuliang, Xi-
tiaoxi and Nantiaoxi basins were inversed with the long-term hydrological and meteorological data by the
GMKHM hydrological distributed model. According to the developed critical threshold model, dynamic
critical arearainfall threshold of Tunxi Basin was calculated based on the developed exponential equation
model. The topography-based dynamic critical arearainfall threshold was applied to flood warning verifica-
tion of 35 representative flood events in Tunxi Basin. The results show that flood warning hit rate based
on the topography-based dynamic critical arearainfall threshold is 91. 4% , which is close to that on the ba-
sis of dynamic critical arearainfall threshold calculated with long-term hydrological and meteorological data
in Tunxi Basin. The developed topography-based dynamic critical arearainfall threshold model has certain
reference significance for similar flood warning of ungauged basins and flash flood warning.

Key words: flood warning of small to middle-sized basin, dynamic critical arearainfall threshold, exponen-

tial equation model, topography, GMKHM distributed hydrological model, eastern China
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Table 2 Flood potential index of small to medium-sized
rivers with different land use types
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Table 4 Information of rainfall stations and hydrologic stations information in six basins
s iAok IR S B /A i 4 T A /A i 4
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43 ) B B 19802008 4, %5 FE . P4 H R
R ) R 16.18.15.28, 16 b7 i Y it
KR GMKHM 43 A 27K SCBE R 3155 1 3 3k F
B RS OK R . g, GMKHM 43 4 20K
SCHE R A, AR A R S B0 50 Al 3 i (Bao
et al 2017 ; AL 4T G255, 2017) , R 4R 155 780 53 850 5 07 95k
T LB TR 3R | A b R R A S R 2 ] Y R
KRR E A S BB T AE 7S A i B i A kK
HEAT B AIE o AR 7K ST i T4 T GRORIR K SCR)
2008) AN IR B EE . AR Y. H
T AR - S0 8 S 0 R 0 R S i K 3¢
AR ADL 119 - S0 5 Sk HE SR rpr /N 3t SOk Il A 30 2
T A

GinE e A N T e R O U e 0 = )
24 hCHE KGN KU T 5 3000 24 h) i i K
TR0 W-H B3k @57 24 h JAR R 3k i) i ek it

IR P CEHCHE O Bl A5 i F i A PR, R 5 N T
AN TSR H A B CERIE KO 3l 245 i 5 T R
fH.
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Table 5 Dynamic critical 24 h arearainfall threshold
based on the long-term hydrological and
meteorological data of flood warning for Misai,

Xitiaoxi, Nantiaoxi, Yuliang and Huangchuan basins

75 Wk BObSh A SR (P B, T O LR A
1 Gk S P=—63.55T%7+96
2 [EE=RT3 P=—175.42T° 24265
3 [ZEZRL P=—57.4T"7467.3
4 i P=—127.5T""+192. 6
5 )l P=—163.4T%6+246.9

ARG B TR VU 2 L IR R R R
DEM [ i 3 B | + A F 2R AL 5 - S TR 73
AIHESR ALSVL RS, LA KT HE K 1R A o 1 O Jak
X AR (R 6) .

x6 ETREMEMRAANTRENASLAS &

Table 6 The A, S, L and S, values based on topography of six basins
iR AE =k [LEERES B i bl %
A 0.163 0.518 0.153 0.316 0.458 0.777
S 0.231 0. 181 0.182 0.201 0.141 0.163
L 0.518 0.473 0.526 0.471 0.803 0.492
S; 0.595 0. 605 0. 606 0.598 0.625 0.573

WA 2 5 v AN it B Bl A i S R R A A
S SR SR R 5%6.15%6.25%6.35% .
45%.55% .65 % .75 % 85 % . 95 Y6 Aif 114 37 18k B i
R A, BER 2. R 5% . 15%.,
25%.35% .45% .55% .65%.75% .85 % .95 % 1 13

KA I S R B S ALVSLL RS, Z ]
M5 F . BTG AR F A B34, 43 515K
PR [v) 4 - S S KA RN BE (8 by L0, 0y by F by B
BEGED.

7 REEFINAXEZERNKRENSE b by by by bs

Table 7 Values of the parameters b, ,b, ,b; ,b, ,bs based on the long-term hydrological and

meteorological data in Misai, Xitiaoxi, Nantiaoxi, Yuliang and Huangchuan basins

+ HEA I/ Y by/X10° by b3 by bs
5 5.269 1. 300 2.814 1. 460 1.767
15 6.408 1.332 2.946 1.519 1. 786
25 8. 547 1. 367 3.109 1.599 1. 828
35 12. 492 1.412 3.310 1.703 1. 869
45 19. 885 1.463 3.548 1. 826 1.917
55 35.995 1.525 3. 840 1. 980 1.983
65 77.984 1. 605 4,211 2.176 2.064
75 224. 145 1.709 4.701 2.436 2.186
85 963.472 1.852 5.369 2.791 2.325
95 8366. 354 2.056 6. 336 3.304 2.555
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AR SR FE AR e B — B (3R 8 5K 8,
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Table 8 Dynamic critical arearainfall threshold comparison calculated by two methods (unit; mm)

T I S P 55 ) BB e ST R R

Ty 527K SCAAR B S T i S T e

eng /0,
LHAAL/ % P hreshold = b1 Al2 SPs L4 S;bs P=—242.3XT%%+4350.8 P=—211.8XT""+321.1
5 311.23 320.1350178 295. 85
15 280. 41 285.3580272 266.03
25 255.02 257.7037859 241. 95
35 232.67 233.3750552 220.59
45 211.99 211.1406396 200. 95
55 192. 36 190. 400256 3 182. 56
65 173.97 170. 8036783 165. 11
75 155. 98 152.1238727 148. 43
85 139. 05 134. 2029821 132. 38
95 122.18 116. 9255917 116. 87
4009, 9993 n ﬁ%ﬁtm A7 2R B8 E 3 T e S T o (B ) ARG TV 5 I
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Fig. 8 Dynamic critical arearainfall threshold

calculated by two methods
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Table 9 Application and verification of flood waning based on two critical rainfall thresholds in Tunxi Basin
F5 kS PR/ (m® e s MoK /mm B 1/ mm REHE EEIEM IGREE 2/ mm REWE A IEH
1 1982050108 4280 191. 32 155.57 2 J 160. 12 2 J
2 1983051108 1300 74.15 178.12 e N 185. 40 o N
3 1983051422 1510 74.59 172.57 5 N 179.17 %5 N
4 1983052908 2490 125.61 177.01 5 N 184. 17 w N
5 1983060906 2170 97. 35 159. 04 & N 164. 00 & N
6 1984050108 1570 89. 60 217.95 N N 230. 38 N N
7 1984082620 2512.8 135.93 141. 98 N Ni 144. 91 & N
8 1986061108 2260 91.57 156. 68 o N 161. 36 = J
9 1987050108 633 54. 14 213.72 e N 225.58 e N
10 1987061908 944. 6 27.03 192. 60 5 J 201.71 % N
11 1988050704 1390 77.30 147. 06 & N 150. 59 & N
12 1988061101 1000 40. 19 141. 84 & N 144.76 & N/
13 1989050108 1740 78.92 142. 87 e N 145.92 e N
14 1989061206 2273.6 113.47 121. 41 5 J 121.98 5 N
15 1989063023 1740 71.45 140. 33 & N 143. 08 & N
16 1989072208 1470 89. 20 181.72 e N 189. 46 e N
17 1990050108 1700 52.67 141. 40 o N 144. 27 w N
18 1990061108 2500 126. 94 168. 62 5 N 174.74 & N
19 1991051800 2220 130. 37 146. 36 & N 149. 81 5 N
20 1991063008 2060 54.55 116. 87 N N 116.93 e N
21 1992062000 3150 114. 85 112.77 = N 112. 36 & N
22 1993052700 4700 193. 61 148. 66 & N 152. 38 = J
23 1994050100 4160 154. 68 124. 41 2 J 125. 32 2 J
24 1995051500 4070 113. 24 123. 64 e X 124.45 e X
25 1996060100 6490 180. 69 140. 49 = N 143. 26 = N
26 1997060600 2730 116. 27 145.03 & N 148. 33 & J
27 1998050108 4270 132. 32 116.12 B J 116. 09 2 J
28 1999052108 2960 91. 26 140. 33 e N 143. 08 e N
29 1999062215 3780 131.23 121. 47 = N 122.05 = Ni
30 1999082408 2890 118.41 159. 84 w5 N 164. 89 & N
31 2001050108 1410 72. 36 235.71 w N 250. 58 & N
32 2001062008 3640 134.52 112. 33 2= N 111. 87 = N
33 2002051308 2120 123. 81 116.73 = X 116.76 2 X
34 2008060908 5250 154. 31 151.71 P N 155.79 E\ X
35 2013062708 3980 137.21 130. 81 & N 132.45 &= N

T A B 1R R T O 2 AR AR 3OS BB e /NI 3 00 W AT T A O R 2 R AL S AR A /NI B Il TR TR B

Note: No. 1 of critical threshold means critical arearainfall threshold based on long-term hydrometeorological data for small to middle-sized river flood warn-

ing, No. 2 of critical threshold means topography-based dynamic critical arearainfall threshold for small to middle-sized river flood warning.
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