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Development of Synthetic Unit Hydrograph using
River Fractal Characteristics
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Abstract

This study was performed to analyze the river fractal characteristics using GIS (Geographic Information
System). In this study, topographical factors in river basin were grid-analyzed for each cell size and scale
using GIS and regression formula was derived by analyzing correlation among topographical factors and cell
size which were calculated here. And, a new rainfall-runoff model which is considering the calculated fractal
dimension was developed to apply for a river basin.
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Table 1 Results of topographical factors for each scale and cell size

Classification Basin ?rea Centroidal flow path River length
(km") {(km) {(km)

Cell size Scale| 1/5,000 | 1/25,000 | 1/50,000 | 1/5,000 | 1/25,000 | 1/50,000 | 1/5,000 | 1/25,000 | 1/50,000
5Smx5m 47613 | 47404 47194 4041 4,034 4,028 9.205 9.098 9.090
10mx=10m 47350 | 47.155 46,994 4012 4,006 4,001 9068 8.979 8.930
20mx20m 47.050 | 46.850 46.748 3.993 3.987 3972 8.942 8.852 3.810
40mx40m 46654 | 46454 46,354 3972 3.962 3.953 8.759 8.663 8.620
60mx60m 46313 | 46.113 46,013 3.956 3.947 3.983 8.651 8.547 8.500
80mx80m 46.023 | 45.823 45723 3947 3.937 3.927 8.583 8.470 8410
100mx*100m 45670 | 45469 45.373 3.940 3.927 3918 8.458 8.379 8.320
120m*120m 45373 | 45452 45,153 3937 3922 3912 8413 8.353 8.290
150m*150m 45085 | 45.185 44919 3928 3914 3.905 8.347 8.287 8.230
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Table 2(a) Results of regression analysis (Basin area)

Classification Regression equation Correlation coeff.(R?)
1/50.000 A = 486802841 * X 0% 0.909930
Scale 1/25,000 A = 488514946 * X O 0.936653
1/5,000 A = 490513910 * X SR 0938598
5mX5m A = 491281986 * X, "% 0.948250
10mX10m A = 436483453 * X, "0V 0.970469
20mX20m A = 481744614 * X, 07 0.998316
Cell 40mX40m A = 477732973 * XSO0 0.998589
60mX60m A = 474309906 * X, 07 0.998664
Size 80mX80m A = 471425076 * X, 0P 0.998722
100mX100m A = 467815605 * X, "7 0.999384
120mX120m A = 465681534 * X, P 0.999343
150mX150m A = 470511274 * X, 007 0.906372

*A . Area (log), X ¢ Cell Size (log), X : Scale (log)

Table 2(b) Results of regression analysis (Centroidal flow path)

Classification Regression equation Correlation coeff.(R?)
1/50,000 C = 408961339 * X, "2 0.9995460
Scale 1/25,000 C = 4091.9094 = X %% 0997744
1/5,000 C = 409153631 * X, 0% 0.993348
5mX5m C = 4087.88042 * X, "% 0967272
10mX10m C = 40516829 * X, " 0970101
20mX20m C = 4032.68407 * X, M0 0.970101
Cell 40mX40m C = 404058784 * X, "0 0.962018
60mX60m C = 402058565 * X, 0 0.949573
Size 80mX80m C = 401884592 * X, %% 0.949541
100mX100m C = 402064076 * X, 0% 0.985186
120mX120m C = 402897225 * X, 0.987565
150mX150m C = 401266996 * X, 0.989679

*C : Centroidal flow path (log), X : Cell Size (log), Xs : Scale (log)
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Table 2(c) Results of regression analysis (River length)

Classification Regression equation Correlation coeff.(R?)
1/50,000 R = 219109606 * X %™ 0971330
Scale 1/25,000 R = 219919644 = X P07 0.974996
1/5.000 R = 220846581 * X 01 0.987084
5mX5m R = 219953623 * X, 000 0.992879
10mX10m R = 217970235 X %% 0.999816
20mX20m R = 215032035 * X, 0% 0.989298
Cell 40mX40m R = 21257419 * X, ** 0999118
60mX60m R = 210407975 * X, %% 0.999998
Size 80mX80m R = 20827723 * X, ' 0.996931
100mX100m R = 209923185 * X, W0 0.987873
120mX120m R = 210306783 * X, %% 0.988871
150mX150m R = 204968485 * X, 0018 0.988855
*R : River length (log), Xc : Cell Size (log), X : Scale (log)
Table 3 Fractal dimension for each cell size and scale
Cell size
Classification 5m 10m 20m 40m 60m 80m 100m 120m | 150m
X X X X X X X X X
5Sm | 10m | 20m 40m 60m | 80m | 100m | 120m | 150m
Basin area 10036 | 1.0032 | 10028 | 10028 | 10028 | 1.0028 | 1.0028 | 1.0028 | 1.0042
Centroidal flow path | 1.0013 | 10011 | 1.0012 | 10020 | 1.0019 | 1.0021 | 1.0024 | 1.0027 | 1.0025
River length 10043 | 10046 | 10041 | 10045 | 10046 | 10046 | 1.0062 | 10067 | 10047
o Scale
Classification
1/5,000 1/25,000 150,000
Basin area 1.0073 1.0074 1.0074
Centroidal flow path 1.0092 1.0088 1.0081
River length 1.0228 1.0230 1.0399
3. Fractal & =AM @EA49 7127DE 78 4 At (Richardson,
1961). o|9} Z& wWhe=z T3 AYUzpd

B BAMorxe Table 19 A =a7dE 8 X
[

fractal 292 Table 33 2t}

AEE 22 gz A @ste] AR A4
sto] AN ARATE AN er 1 i
Table 29} #t}.

AR oJair ARE AT ABAS
A 819 fractal AL 4 (6)olxt 2ol 1-D

A, F48 A 371949 F& W fractal
A AP A F9ddY 1.0027~1.0042, F2
ZFAAE 1.0011~1.0029, 3SR 1.0041~
1.00672A BAXNCR fractal xpdo] Args] =z
A GERRTE &, 98 A 2749 FHe w
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Table 4 Characteristic variable of Unit Hydrograph

Table 6 Chracteristics of Synthetic Unit Hydrograph

Subbasin t st T [Was| W [Wi| ts | tao] ts Factor Formular Units
(b) {tm*/s)} (h) | () | (B) [ (h) | (h) | (h)| Ch) Peak discharge | @, = 1.6289 A/t,% /s
Jeomchon |11.67) 9040 5100/3030] 1700 | 800|227 |470| 700 Peak e | £ = 0.6960(LoL "™ | h
Bonghwa | 8.38] 132.50 {126.00122.30] 13.00 | 6.10{ 3.30 | 5.05) 6.00 ts = 0.1838(L,, L) b
Songriwon | 975] 7320 | 49.00{30.03] 1830 | 830} 1.70 | 340} 550 Rising by = 0.3248(L,. L% | p
Walpo 11097 155401 750013100 16.20 [ 9.10{ 2.60 | 4.85] 6.70 ks = 0.6828(L,,L.)"" h
Sanyang | 553] 7480 | 1500(1300| 75| 530|085 | 175 330 Web of W = 4.1595 /(Q,/ A" | |
lan 151] 3070| 42.00/17.20} 805 440] 210|315 395 unit Wy = 2.6040/(Q,/A)*" | h
Green | 568| 4680 1000[1020] 655 45|15 |27 a7 VUOEER | W = 1E2B/(Q)A)™ | B
Yerimeyo | 871{20020| 6500{2330] 1340 | 800{ 220 | 400] 565 Base time T = —0.57 + 7.814/20)] day
Sunsan 1120 181901 51.00{23.30} 1500 | 9.15| 2.80 {4.15] 6.10
Gyejin 6.17} 15980 | 48.00122.30] 12.00 | 6,001 245 [350] 4.35 Tahble 7 Chracteristics of GIS-SUH
Changri | 7.97] 19980 | 59.00]23.05| 1030 | 00| 200 | 350] 450 Factor Formular Units
Dongchon |1102{ 25010 | 68.00/25.20] 1420 | 9.00] 290 |520] 7.0 Poak discharge | @, = 1.5137 A/5,0% e
Yonggok (16.71] 16100 | 61.00[34.00] 1855 {1030] 450 |815/1020 Poak time |6 = 0.54B(LoL"™ | 1
*data : Korea Institute of Construction Technology. 1989.6. ts = 0.9641 (L, L.)"%% h
Rising tsg = 0.2191(L L) h
Table 5 Topographical data required for Synthetic s = 1.0537 (L, Le)" ™ h
Unit Hydrograph _ Wos = 2.5941/(Q,/A)"% h
(scale=1/25000, cell sze=25mx25m) o> U s st |
hydrograph
Factors| Basin area | Centroidal |River length W = 0.93%8/(Q, /A | h
Subbasin (km?) ﬂoz"l’( rg?th (km) Base time T = —0.63 + 8.95(t,/24) | day
Jeomchon 614.72 42.86 56.20
Bonghwa 114358 31.30 100.34 M A 7)o w2 FAAR | B3t fractal &
Songriwon 475.84 24.02 42.65 2 1.0299F A (7)& olaslo] RS AAA
Wolpo 107648 5453 8151 37 SARME A ANEA fractal FAE T
Sanyang 210.16 19.54 36.87 #3t TR DL 7S sukslgon 1 3
fan 189.10 17.34 44,64 T} Table 7% 2th
Gyesan 12091 11.56 21,72
Yerimgyo 1358.33 29.80 82.21 NV, 28 9 &% x|
Seonsan 985.63 28.11 70.65
Gyejin 74541 2283 60.29 B o= GISE o|&3le] e :loﬂ X 9)
Changri 92802 34.99 64.57 fractal EAL BAsA 00 o714 AAE frac—
Dongchon 1560.41 36.88 86.19 tal YL wHE AA LA A %_zg ES
Yongkok 1315.70 68.38 99.15 e FHB AT THL susgon AT
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2) Delr AFg AnE o]gsid A9
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3) DellA #g A 378 AFPJARE o] 43}
A gdo] gt A¥AE fractal AHHES e
A= sddAe] 1.029, FdHHo| 1.0074,
2FA%o] 1.00872 YERoH, B o7]A At
AE fractal 2H9E 1t FAFHY T4
XA AMEE SASREE 28-S PEIsit

g5 B dFolM st Tae Y8 13
AR FE EES 1

]
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