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A STUDY ON THE FLOOD RUNOFF ANALYSIS IN A
RIVER BASIN TO CONSIDER THE EFFECT OF THE
STREAM NETWORK STRUCTURE

By Takuma Taxasao, Skuichi Ixepucm and Michtharu Spusa

Synopsis

The rainfall.runoff problem in a river basin has been one of the main subjects in
hydrology for a long time, however, the problem is not solved sufficiently as yet. One
of the reasons for it is that the basin geometry making the rainwater flow field is too
complicated and large to be modeled easily.
The authors have developed the methods for analyzing the network structure of the
basin geometry and making the fundamental structure of the runoff model to consider
the effect of the basin geometry. In this study, by combining those methods with the
runoff calculation method based on the kinematic wave method, the runoff model to
consider the effect of the basin geometry is developed.
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Calculate QO by the |
system model of a basin |
element

1

Q(N;,3) = Q0(3)

P : system parameters of e;
R(j),j=1,...m : rainfall series on e;
QI(j),3=1,...m : inflow series to e,
Q0(j),j=1,...m : outflow series from e,

Fig.2. Framework of flow routing in the network of
basin elements
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Some basin element
which is upstream
of e, exists

1 .
1,0 = j-1
t=1%-=0 i
i i 2 :
I.7" =3
N. = j+1 1
* N, = 3-1
i
j=3-1

yes
no

Fig.3. Decision procedure of the add-
resses of the memory spaces for
the inflow and outflow series
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Kinematic wave g:0XERR I,
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ThB, L, ¢ RRERMETE, o GEKKER v, RIEh~OWAORIBHE, » RBERE,

rainfall inflow from upstream
basin elements

interception'

forest
rainfall

channel
rainfall

surface
gully S [T

/T

infiltration I

subsoil

channel

segment

Fig.4. Framework of the system model of a basin element
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ROBPEY L RAEBZOE, ai(t)>0, 1y, j—if, j<O0, ai(t))+(rs, j—iy, JA<0 THEIFELTTHDH
b, COHBERDOWTHBLE S5, %L, 4t FEREMETHY, a=(G-D4a Th 5,
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Fig.5. Routing of the characteristic curves B secOg

— 5 —



190 BB BB RFIES H208B-2 (13 52.4)
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Fig.6. Channel flow routing model
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4. REFANOBRLER

4.1 RAFXBAOER
BRI ERRATR (BHEE 159km?) CARECR L.

Fig.7. Dividing of the Arakura Basin into the basin elements
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HIEERTO 5550 1 Of¥ERcomMERTIC L 2 &, R 105 BORKEMCIE T3,
FIEBEICHAN D DOBERF LT, COREERLEDH Fig. 7 THd, ¥k, FHBEMORE
REEERL DS Table 1 TH3, Strahler FRIC L 2 COWHOFAMEIL 4 THY, HHTROE
8, FSADRTIEAL L hd, BHRBEMICT <A %00 CTHEEMZREL, FHBBLOEA « HH
DEREHFT 2 KD d D% Table 2 KRT, % &, HHMEMICHT 2 HKEE (F), FERKSOKFE
B~O®REE (L), FHEAR (0.) % Table 3 icRd, 2OMOMIFE, ThAdbb, HHE MEAR,
TEEER, K& bEERE, LEREirc—4ic, 300m, 30° 1%, 5% & Lko

XL LicHkix, BF40EI F16H2 5180 £CD 3 HMOHKT, BEENKC X » TRAMSCEN
NIRRT — & LK ET — & (Fig. 8) %7,

COTF— 2R LR MHEFSENECHLTAERTE, EROBECHEAD 2 LBbhbaT
DT, FHEHELBNNE L CREDHMNES B CELILFE AL L 5KE1T A —2OELETHR
KXo TEDE, Table 4 KTChbLDAF 2 —2DfE%ER T, Fig. 9 SHAEME L BHIE L OKER
PORERTH S, kL, BEODIHERE, BHUREOXE X ERTEHEIREALTH S,

Fig. 10 i3, MR EL L BEOREHSMHLEL, 3.24) D H B XY MEHREEALL
BAOKAWERHEE (WFRbFEM LE2EELARTHS, MEOHRICL » TE— 27 HETHI0%
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T, LLEDFE TR, 2MEEMIOMMATIE B —FHEL2DTH 25, BF:HEHE FACOM. M-190
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Tab 1- Connectivity of the basin elements
ID...identification number of a basin element shown in Fig.7
IN...identification numbers of upstream basin elements

D IN D IN D IN

1 2,3 36 7 80, 81
2 37 48, 49 72

3 4,5 38 73 82,83
4 6,7 39 74 84, 85
5 8,9 40 75

6 10, 11 41 7

7 12,13 42 50, 51 77

8 14,15 43 78

9 16, 17 44 52,53 7 86,87
10 45 80

1 46 54,55 81 88, 89
12 18,19 47 82

13 20,21 48 56, 57 83

14 22,23 49 84

15 2,25 50 85 90, 91
16 26,27 51 86 92,93
17 52 58,59 87 94,95
18 28,29 53 60, 61 88

19 54 89

20 55 62,63 90 96,97
21 30, 31 56 91

22 57 64, 65 92

23 58 66,67 93 98,99
24 32,33 59 94

25 34,35 60 68, 69 95

2 61 70,71 %

27 36,37 62 72,73 97 100, 101
28 63 74,75 98 102, 103
29 64 99

30 65 100

31 38,39 66 76,77 101

32 40,41 67 102

13 42,43 68 103 104, 105
34 44,45 69 104

35 46,47 70 78,79 105

4.2 FIERRSCL 3%ER(EEE

EMBRZICDOWT, ZOFIRBME L Y LROWMEMBEELE L, L OMEREENE—TD 5 MREMN
HRBEEABOHAMELE T2 LOFHDG & C, HEBRELETARCERL CHRINGE TS HER
TR LB wTBHLTw3,
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Table 2. Calculation order and addresses of the memory spaces of the inflow and

outflow sevies

A F L 6,
T LOLT N Taekdy | m) (rad)
V[ 0,0 | 1] 1525 | 1109 | 0.1500
2| 1.1 ] 2| 79 | 80 | 0.0780
30 1.2 | 3| 1578 | 1650 | 0.0460
a | 37| a| 1682 | 2000 | 0.0220
50 1.4 ] 5| 78 | 1000 | 0.0210
6| 5,2 | 6| 1257 | 900 | 0.0389
70 1.6 71 780 | 900 | 0.0168
8| 7.3 | & 195 | 2300 | 0.0108
9| 2.8 9| 3% | 1000 | 0 0201
10| 4,9 | 10| 1072 | 1600 | 0.0063
Mol 10,00 | 1| 2224 | 1500 | 0.0099
12 0 5.1 | 12| 977 | 1350 | 0.0090
131 302 | 13 912 | 1500 | 0.0250
1@ | 793 | | 132 | 200 | 0.0099
15 [ 14,1 | 15 | 1906 | 3000 | 0.0117
16 | 11,15 | 16 | 4281 | 24100 | 0.0094
17 | 2.3 |17 | 232 | 700 | 0.0485
18 | 17.16 | 18 | 1685 | 1800 | 0.0033
19 | 2.8 | 19 | e644 | 4300 | 0.0037
20 | 12,1 | 20 | 3381 | 3000 | 0.0295
21 | 19,20 | 21 | 139 | 200 | 0.0075
22 | 3.4 | 22 | 385 | 3700 | 0.0159
23 | 222 | 23 | 253 | “a00 | 0.0127
24 | 23,21 | 24 | 2529 | 2300 | 0.0047
25 | 1.24 | 25 | 6659 | 4300 | 0.0049

S CRR M HE E R, 2TORBREDOKERTIZZE—RDTEDT, ZOKREMEGHEIC
HEOCHE - RBLE LTS, TOFURAEYUTHET LBEDbhoe (IO Fig. 11 2#),

2TC, FWBBLICOWT, ThX ) EROFEBEECH L THERBERLHEL, XOERCL-
CHIRDOTERFIHD 105 EOFBMBA Y 3B L 2 b D%, Table 5 ¢ Y, £ECBECHEE N,
%L, B CREL R EIER (Table 2 B8, LB COHERLOD T F % (o 105) t&FbT) %
FnTHEYEDLTRE, &2 lE, PEESS5SOBC, 9,49,80LH23Di1%, (p. 105) T9,49, 80 DEF
BIERL % b ORBBAEASEE S B2 b OR—DSHCBT 2L L ETLTwS, ik, COZTRADEKREL
L ERERK L &, FESEET—ENCERET 5 2BETH Y,

VORBA R COBPBC L d» TEPLT S T & & L, £PLINAMBBEHOGEEF ), i
A RHOEESEFT (4 I3 N), , FUREE o & &KE), MEXSOKFE~OREE (L), FEAE
(6.) #TUL7DH Table 6 TH%, T T TiK LABIRODOG HELUE (p. 25) t&bT, HiBDO
Table 5 DHEESR, HLhLD, TO (p. 25 KIXBHEREMEE—FETE LS5O0 TV,

Table 6 ICRLALSND AT 2 —2CDOTH, HfCETE.352—2@A—2F 35,

5 LTS E e, BEHADOHEELOWT, HHOHERRLAHOETNEZREL 2 d D
2%, Table 7 TH%, Thirh, BEDPHEKRRIELALAL Vs Thn, ¥7%, Table 5 OFE
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Table 3. Topographic features of the basin elements

T T T
i (Xlg"mz) g;;m) (r(.-’;‘d) : (x1€3m2) (1>o<zm) (rim ¢ (x1}<;3m2) %‘,m) (reacd)
1 213 | 17 | 0,023 ] 36 535 | 3 | 02133 7 6644 | 43 | 0.0037
2 728 | 6 | 0.0499 | 37 618 | 3 | 02450 72 664 | 2 | 0.0749
3 2100 | 19 | o.0183 | 38 4| 1] 00a99] 73 647 | 3 | 0.1813
4| 218 | 20 | oot75| 39 920 | 8 | 0.0097] 74 86 | 2 | o124
5 | 4008 | 45 | 0.0257| 40 2408 | 23 | 0.0522| 75 207 | 18 | 0.0721
6 | 220 | 15 | o.1651 | 41 2070 | 24 | 0.0604 | 76 653 | 9 | 0.0443
7| 267 | 23 | o023 | 42 715 | 5 | 0.109 | 77 719 | 6 | 0.0997
8 233 | 20 | 0.1218] 43 1552 | 25 | 0.02%9 | 78 210 | 16 | 0.0250
9 1046 | 16 | 0.0126 | 44 884 | 5 | 0.1006| 79 1976 | 14 | 0.0712
10 727 | 5 | 0.3278] 45 2380 | 24 | 0.0188| 80 580 | 8 | 0.0250
11 1798 | 10 | 0.1780 | 46 281 | 16 | 0.0873 | 8t 176 | 9 | 0.1107
12 1383 | 11 | 0.0862] 47 2013 | 33 | 0.0258] 82 1113 | 16 | 0.0106
13 1257 | 9 | o.0389 ) 48 1438 | 15 | 0.2135| 83 147 | 7 | 01377
14 555 | 4 | 0.2915] 49 735 | 6 | 0.025 | 84 3341 | 30 | 0.0205
15 780 | 9 | o.0168] 50 3802 | 15 | 0.2135| 85 139 | 2 | 0.0075
16 32 | 6 | 0.3660 | 51 80 | 11 | 0.0091 | 86 1284 | 8 | 0.1342
17 036 | 7 | o.1419]| 52 912 | 15 | 0.009 | 87 1940 | 6 | 0.0466
18 220 | 4 | 01733 53 2414 | 23 | 0.0932| 88 306 | 5 | 0.0340
19 1791 | 13 | 0.1974 | 54 132 | 2| 0.020| 8 3791 | 34 | 0.0515
20 31 | 1| o180 55 4127 | 16 | 0.0625 | 90 48 | 8 | 0.0024
21 1965 | 23 | 0.0108] 56 196 | 30 | o.0117| o1 1744 | 8 | 0.0499
22 2031 | 21 | 0.2485 | 57 4281 | 41 | 0.0094 | 92 478 | 5 | 0.1780
2 g7 | 13 | 0.2773 | 58 2447 | 20 | 0.008] 93 92 | 2| 0.0649
% 205 | 4| 00149 59 596 | 6 | 0.3367| 94 845 | 9 | 0.1792
25 306 | 10 | 0.0201| 60 611 | 8 | 0.0375] 95 624 | 8 | 0.0276
2% 40 | 5| 0.097| 61 g2 | o9 | 0.2080| 9 1508 | 10 | ©.0649
27 1438 | 8 | 0.0625| 62 23 | 8 | o367 97 95 | 13 | 0.0138
28 2055 | 11 | 0.0817] 63 82! 1| 01974 98 3865 | 37 | 0.0159
29 1486 | 11 | 0.1974 | 64 847 | 7 | 03585 | 99 1627 | 10 | 0.0400
30 2291 | 26 | 0.0307 | 65 35 | 5 | 0.059 | 100 1532 | 11 | 0.1265
31 271 | 28 | 0.1138 | 66 22 | 7 | 0.0485] 101 2003 | 21 | 0.0532
32 953 | 17 | 0.0236 | 67 1685 | 18 | 0.0033 | 102 23 | 4 | o.o0127
3 1072 | 16 | 0.0063 | 68 1037 | 7 | 0.1419 | 103 2520 | 23 | 0.0047
34 795 | 8 | 0.2450 | 69 466 | 10 | 0.1974 | 104 318 | 20 | 0.0099
35 2224 | 15 | 0.0009 | 70 258 | 5 | 0.059 | 105 6659 | 43 | 0.0049

CR—DOHEICET 2 RBRHEDO AL Fr IS 7 BB EAEA—THT L b BRI N, FIELT, 7
FEES S KHEINTWRMBMBEL, ThbE (p. 105) THEIEGLY, 49, 80 HFOMIRM 2 b DR~
1FR7578, (p 25) CHEIRRLS 2HOMRMAL DL DM~ Fr 757 20 Wl Fig. 11 «©
FLTEL,

COHEBEFE TR, FEARMEVIORT, WHOHEDOZThO 1/4icks,
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;U'_‘O:f iilt observed rainfall intensity rainfail
eight observed runoff height intensity
(m/sec) (m/hour)

0 10 20 30 40 50 60 70
time (hour}

Fig.8. Rainfall and stream runoff data

qQ —_ observed runoff height Oa

0 Q
P i C
{m/sec) calculated runoff height qc J(m/sec)
. 0.3107
0.5x1077 |7
0 ) % 30 [ 63 0 750

time (hour)

Fig.9. Comparison between observed and calculated hydrographs
in shape

Table 4. The values of the parameters

parameter value dimension
]t 0.002 m
1 0.115 m
a
k,sin0 /v 0.439x10°3 | m sec”!
vD 0.210 m
-1
0y ,°‘g 1.067 sec
my ,mg 2.0 -
q 0.487x107° msec”!
: -7 -1
ee 0.750x10 m sec
¢y 0.140x10°7 m2sec”!
-1
5 0.0 sec
me 1.45 -
ne 0.04 w1/ 3sec
(channel )
roughness
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—_— lrumff height when the channel effect
is considered

------- runoff height when the channel effect calculation order
is not considered

— 5.in (v.25)
runoff L
i f
N i height ! o 9 in (4.105)
fofsec) (mrsec) | x 49 in (4.105)
5 I o 80 in (y.105)
0.3x107 I
r 0.2x10°°
]
— o T .
0 10 20 30 40 50 60 EN 30 % S0 60
time (hour) time (hour)

Fig.10. Comparison between the hydrograph ¥ig.11. Comparison among the calcu-

obtained by considering the channel lated hydrographs of the basin
effect, and that obtained by not elements having the same str-
considering the channel effect eam network number

Table 5. Classification of the basin elementsby their
stream structures

J...classification number by stream network number
I...calculation orders of basin elements

J I

1 1,4,6,8,10,11,14,16,17,19,22,23,26,27,29,31,
34,36,37,39,41,42,44,46,48,50,53,55,58,59,61,
62,64,68,69,72,73,75,77,79,81,83,86,87,89,91,
92,94,96,99,100,104

2 3,12,18,24,28,38,43,60,63,70,74,88,93,101

3 5,20,30,40,45,65,76,90,95

4 7,32,47,78,97

5 9,49,80

6 13

7 15

8 21

9 25

10 3

n 35

12 51,82

13 52

14 54

15 56

16 57

17 66

18 67

19 n

20 84

21 85

22 98

23 102

24 103

25 105

5 YU
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Table 7. Comparison between the calculated runoff-height obtained in section 4.1 and
that obtained by the lumped calculations
Q105.-.calculated runoff height when the basin is devided into 105 basin elements
Qzs...calculated runoff height when the 105 basin elements are lumped into 25
basin elements

time Q105 Qos time Q105 Qzs
(hour) (10-%m/sec) (10-5m/sec) (hour) (10~¢m/sec) (10~%m/sec)
1 0.213 0.214 37 0.420 0.422
2 0.226 0.226 38 0.486 0.490
3 0.227 0.226 39 0.628 0. 636
4 0.224 0.221 40 0.723 0.733
5 0.219 0.215 41 0.777 0.785
6 0.215 0.213 42 0.827 0.832
7 0.214 0.213 43 0. 901 0.907
8 0.216 0.216 44 1.26 1.28
9 0.220 0.220 45 2.52 2.59
10 0.225 0.226 46 3.70 3.7
11 0.232 0.233 47 3.85 3.88
12 0.240 0,241 48 3.29 3,28
13 0.254 0.254 49 2,60 2.57
14 0.283 0.285 50 2,04 2.00
15 0.328 0.332 51 1.65 1.62
16 0. 368 0.372 52 1.39 1.37
17 0. 403 0. 407 53 1.24 1.23
18 0.428 0.432 54 1.18 1.17
19 0.438 0. 440 55 1.16 1.16
20 0.435 0. 436 56 1.17 1.16
21 0.423 0.422 57 1.14 1.13
22 0. 407 0. 405 58 1. 06 1.06
23 0.389 0. 387 59 0. 954 0. 946
24 0.375 0.372 60 0. 852 0.843
25 0.362 0. 361 61 0.774 0. 765
26 0. 353 0.352 62 0.718 0.712
27 0. 347 0.346 63 0. 682 0.678
28 0.344 0.343 64 0. 656 0. 654
29 0.344 0. 344 65 0. 636 0. 634
30 0. 351 0.351 66 0.618 0.616
31 0. 358 0.359 67 0. 601 0.599
32 0. 363 0.364 68 0. 584 0.582
33 0366 0. 366 69 0. 567 0. 565
34 0. 367 0. 367 70 0. 550 0.548
35 0.373 0.373 71 0.533 0.531
36 0. 388 0. 389 72 0.515 0.514
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Table.6 Calculation order, addresses of the memory sp-
aces and topographic data in the lumped syst.
em by the stream network structure

ID...1identification number of a basin element shown in Fig.7

1,2 1,2 ; 1,2
i| 1D 11. ,X1 N] i 11D L ,11 Nl 7 fID I1 ,11. N,
111041 0,0 1113618 0,0 208l ez, ]
211051 0,0 2137183 0,0 3 ({72164 0,0 2
3|10311, 2 1113817312 ,3 2173165} 0,0 3
4110210, 0 2 13941721 0,0 3 (1741571 2,3 2
5198 12,1 2 4l40 62 ) 3,2 2 17515 ) 0,0 3
6199 10,0 2141100 0,0 37648 3,2 2
7093 1,2 142 (01| 0,0 4 11771491 0,0 3
8({92 10,0 21143197 ] 3,4 3478137} 2,3 2
918 | 2,1 2114419 | 0,0 4 179136 0,0 3
1019 10,0 21445190 4,3 3 (807271 3,2 2
1119 10,0 346197 0,0 4 181126 0,0 3
12187 12,3 2 147 1851 3,4 3 i(8116f 3,2 2
13/79 1,2 11488 10,0 4 183117) 0,0 3
14178 10,0 2 (f49 1741 4,3 3 184 91 2,3 2
1517012 ,1 1507510, 0 4 1851 5| 1,2 1
6(8 10,0 25116313, 4 38628 | 0,0 2
1718 10,0 3525 )2,3 2 11871291 0,0 3
1881 12,3 2)53|5 (0,0 3 (88|18} 2,3 2
1918 0,0 3|154 |46 | 3,2 2 1/89]19] 0,0 3
20071 13,2 2|5 (47]0,0 3 4f90f12y 2,3 2
2161 11,2 1[5 [3]2,3 2 1911381 0,0 3
22168 (0,0 245712511 ,2 11492139 0,0 4
23169 (0,0 315814010 ,0 2 1931311 3,4 3
24160 [ 2,3 2)59({41{0,0 3 )19 (30( 0,0 4
25153 12,1 116013212, 3 2 f95)21) 4,3 3
26|76 | 0,0 2161150 ]0,0 3 (1920 0,0 4
277710, 0 31]/62(51}10,0 4 197 (13] 4,3 3
28{66 2,3 26342 14,3 3 4|98 71 2,3 2
29167 0,0 3(64143]0,0 4 11991101 0,0 3
30/58}12,3 2165)33 (3,4 3 jj1oof11 | 0o, 0 4
31159 10,0 366124 2,3 2 {101 6] 3,4 3
32(521]12,3 206711512 ,1 14102 4| 3,2 2
33144 2,1 11 68]22)0,0 2 {103} 3] 2,1 1
34145 10,0 2169(23{0,0 3 {104y 2 0,0 2
3538 11,2 170114 ]2,3 2 |j1osp 1 2,1 1
%Zmﬁ.ff:o
BONARERERCERT 50
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