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1
Tablel The unit hydrograph evaluation at the Gulan station on the Luodingjiang River

36.7mm 68.9mm 18] [8] FS FS
(Ar=6h) fm’ -5 fmm /m?es™! /m?-s! /m?-s! /m?-s! /m?es™! /m?-s!
1 0 36.7 0.0 0.0 0.0 0.0000 0.0000
2 65 68.9 65.0 0.0 52.9 194.1 42.6758 156.6203
3 1002 880.0 122.0 166.9 977.0 176.5587 942.0069
4 1803 151.0 1652.0 164.0 1751.8 165.6153 1 824.2975
5 1245 961.6 283.4 20.5 1205.2 22.1044 1222.2127
6 196 -1609.3 1805.3 13.3 190.1 12.2938 197.4179
7 125 3146.2 -3021.2 8.0 121.0 7.9078 113.7261
8 75 -5831.7 5906.7 4.8 72.7 4.2352 70.0279
9 45 10993.3 -10948.3 2.9 43.7 2.0370 36.6560
10 21 -20617.7 20 638.7 0.0 20.0 0.0000 14.0348
11 0 38707.4 -38707.4 0.0 0.0000
3.2 7 718m3-s7", ,00y=2427.0m*+s7";n=14,
71503 5 [0, 0].[0, 1970]. -+
, 2t [0, 1970]. [0, O], [1-2] ,EFS
; s 2 0
, ; 2,
o2, FS 939021; FS ,
,5 31.8mm, 6 012, o
2
Table2 The unit hydrograph evaluation at the Kaifengyu station on the Nanhe River
o [1-2] [1-2] FS FS
(Ar=6h) s P i s i
1 1.8
2 0 10.3 0 0 0.0000 0.0000
3 230 14.7 380 68 984.9563 177.2921
4 1120 34 1000 571 501.0195 1104.6885
5 1970 1.6 340 1650 219.4178 2003.4311
6 1340 190 1984 180.6275 1329.8971
7 848 140 1122 157.0062 864.7912
8 600 110 719 107.1936 601.2988
9 440 90 454 72.1737 450.7200
10 320 70 345 59.5036 324.9067
11 230 50 273 49.1902 237.8051
12 180 30 208 36.9247 186.4727
13 140 20 146 29.5648 147.4427
14 110 10 95 29.4661 116.2802
15 80 0 58 0.0000 94.2352
16 50 26 59.2752
17 40 7 14.7488
18 20 2 4.7146

0.0000

—_
el
(=]
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3.3 3
6 448km?, Table.3 '.I.‘he. unit hydrograph evaluation.at the
Xiangjiaping station on the Xunhe River
1956 3, (1999)
FS FS
21 _ 3, o 3, o
(At=3h) /m’s /mm /m’+s PR
(4 , 1 7.1
2 7.9
’ 3 0 8.6 0.0000 0.0000
FS 4 44 7.3 0.5239 0.3720
° 5 380 22 784.7100 557.5580
s 6 1667 1554.9000 1724.3504
7 2790 974.7200 2595.6552
[14] o , 8 3000 3337300 2917.1447
5 33.1mm 9 2420 333.6000 2646.4751
) ’ 10 1810 333.5900 1841.0243
19 540m?-s™, ,Qui=5 903.3m?-s7!; 11 1355 333.3500 1245.1719
(Ar=3n05) 5070 4m3 < 12 1070 225.4300 1027.2378
t= s Qua= 4m’es7, 13 860 146.3700 885.6061
_ 3, 14 710 146.0100 729.9045
K Qui=5903.3m-s7, 15 589 145.7900 582.6379
n=28, 16 498 120.5500 482.7779
s 17 421 85.9200 420.4058
3000m’-s” 7.1mm , 18 358 74.8850 363.2671
19 302 62.1690 297.2656
3,01
4225m*s, 20 249 54.6290 2415438
[0, 0].[0, 4225], -+ . 21 205 41.9840 199.9993
22 173 38.8770 169.6090
[0, 4225]. |0, O], 4 o FS 23 143 26.1160 138.9178
3 24 117 24.2580 113.9557
© 25 90 16.5370 90.9815
[14] 21 , 12 26 69 15.2800 72.3925
27 53 12.7340 58.7880
. FS 28 51 12.6870 49.6172
29 40 3.9991 38.6059
’ 30 32 0.0000 26.7275
32 12 5.7105
,FS 33 7 0.8798
34 3 0.0000
( 45551) . o—
( 47180), 7 , H )
) o ’ ’
4 o
(3) . .
. , FS
N N Y b b
) o
, FS
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Estimating Surface Runoff Unit Hydrograph by Free Search
WANG Bin'**,HUANG Jinbai*, GONG Xinglong',ZHU Shijiang’, WANG Guizuo®
(1. College of Water Conservancy and Cwil Engineering, Northeast Agricultural University, Harbin 150030, China; 2. Key Laboratory
of Efficient Utilization of Agricultural Water Resources, Ministry of Agriculture,Harbin 150030, China; 3. Grain Production Capacity
Collaborative Innovation Center of Heilongjiang Province, Harbin 150030, China; 4. College of Hydraulic, Energy and Power
Engineering, Yangzhou University, Yangzhou 225009, China; 5. College of Hydraulic and Environmental Engineering, Three Gorges
University, Yichang 443002, China; 6. Development Research Center, Minisiry of Water Resources, Beijing 100038, China)

Abstract: Unit hydrograph of surface runoff is widely used in hydrological calculation and forecast. However, when the net rainfall
with multi-intervals appear, some advantages exist in the traditional approach of unit hydrograph method such as heavy, inefficient,
complex, and the simulation results may be negative. In this paper, Free Search (FS), derived from the animal group migration
behavior, was used as a method for estimating surface runoff unit hydrograph. The position vector of each exploratory step for the
individual animal of FS was ascertained as an initial unit hydrograph. All the initial unit hydrographs were converted into the
standard unit hydrographs in the iterative process of FS, and the optimal unit hydrograph was eventually ascertained from the
animal group migration. FS exhibits the advantages of the clear concept and simple operation, and the flow discharge of each time
interval can be given directly. The simulation results for three cases show that the satisfactory results could be achieved by FS for
optimizing the unit hydrograph once; the unit hydrograph without negative and need not to be fixed; the fluctuation in the results
was effectively avoided; and surface runoff simulation exhibits relatively high precision.

Key words: surface runoff unit hydrograph; flow concentration calculation; hydrological forecasting; free search; optimal estimation



