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Comparison of IUHs obtained by the Derived and Simple Equation of GIUH
on Third and Fourth-Order Streams

—?— xl_l 7E-I* / Igzll- EH %.I_-I** / KI__I EI_I' %*** / OI gl §**** / 7EI % —E—*****
Joo, Jin Gul / Ham, Dae Heon / Jun, Hwan Don / Lee, Jung Ho / Kim, Joong Hoon

Abstract

The simple equation of GIUH are frequently used in many researches instead of the derived
equation of GIUH. However it is still unknown whether the simple equation of GIUH is adaptable for
estimating IUHs for basins with various geomorphologic conditions. To verify the applicability of the
simple equation of GIUH, in this research, four basins which were Bangrim, Sanganmi, Museong, and
Byeongcheon were selected and each basin was assumed as the third and fourth stream order basin
according to variable resolutions. After than, IUHs were estimated using the derived and simple
equations of GIUH. Eight to sixteen hydrographs were estimated from the each IUH, compared with
observed graphs. In case of that the basin is assumed as a third order stream, the derived equation
underestimated the peak flows while the simple equation overestimated them. When the basin is
assumed as a fourth order stream, the simple equation generally overestimated the peak flows
whereas the derived equation produced peak flows good agreement with the observed peak flow.
Moreover, the simple equation showed various deviations in accuracy whereas the derived equation
produced stable results. Based on the fact found from this research, it can be concluded that the
derived equation of GIUH brings better results than the simple equation of GIUH to estimate IUHs
for ungauged basins.

keywords : GIUH, Stream Order, Simple Equation, Unit Hydrograph, Resolution
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Table 1. Transition Probabilities in Various Stream Orders
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Table 2. Geomorphologic Parameters in the Fig. 1
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Table 3. Geomorphologic Parameters
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. Area Length Slope of Slope of Gab of altitude
Sl ik (k) (km) stream basin (m)
Bangrim 519.69 51.85 0.00745 0.02319 1,220.4
Pyungchang
Sanganmi 396.25 44.20 0.00810 0.02643 1,188.4
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Stream Basin Area(km?) Length(km) Velocity (m/s)
Bangrim 519.69 51.85 1.056
Pyungchang ;
Sanganmi 396.25 44.20 0.998
. Museong 472.53 42.83 0.905
Wicheon
Byeongcheon 302.13 40.65 1.018
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Table 5. IUH by the Derived and Simple Equation of GIUH

- - Derived Eq. Simple Eq.
. Stream L L A\
R R R 1 @
Basin order B L A (k) (km) | (m /s) q, t, a, t,
(hrs™1) (hr) (hrs™1) (hr)
) 3 4.00 3.60 5.00 3.96 33.88 0.045 6.2 0.071 77
Bangrim 1.056
4 3.44 2.35 4.09 2.33 27.68 0.064 5.8 0.072 7.6
) 3 3.50 3.24 4.42 3.77 27.17 0.053 55 0.080 6.7
Sanganmi 0.998
4 3.35 2.14 3.80 2.22 21.01 0.080 49 0.086 6.5
3 4.34 3.94 6.03 278 12.17 0.047 6.0 0.176 29
Museong 0.905
4 3.87 2.20 4.82 2.25 2.23 0.068 59 0.746 0.7
Byeong 3 5.72 4.59 794 2.48 31.94 018 0.046 5.2 0.080 6.5
~cheon 4 4.27 2.71 5.24 1.35 9.28 . 0.075 4.6 0.221 2.5
Table 6. Applied Rainfall Events
Basin No Date Duration Depth Direct runoff Runoff ratio
(hr) (mm) (mm)
1 84.07.02.15~07.05.03 60 216.9 182.4 0.841
2 85.07.10.09~07.11.01 16 70.3 37.0 0.526
3 85.08.16.18~08.17.20 26 47.2 21.6 0.458
4 87.07.21.08~07.23.18 58 259.8 236.2 0.909
5 88.07.09.04~07.10.03 23 50.9 49.6 0.974
6 88.07.19.18~07.20.14 20 1195 1134 0.950
7 91.07.07.07~07.07.21 14 40.5 16.4 0.406
) 8 91.08.02.01 ~08.02.14 13 64.0 47.0 0.734
Bangrim
9 92.08.26.18~08.27.19 25 116.4 76.0 0.653
10 94.07.07.19~07.08.13 18 48.8 20.6 0.421
11 95.07.15.15~07.16.14 23 58.6 25.0 0.426
12 95.07.19.05~07.20.20 39 715 27.3 0.382
13 95.08.08.17~08.09.12 19 136.3 79.7 0.585
14 96.07.04.13~07.05.06 17 438 11.2 0.256
15 97.07.01.01 ~07.02.09 32 1259 83.3 0.662
16 98.08.06.01 ~08.07.08 31 100.4 65.8 0.656
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Table 6. Applied Rainfall Events(Continued)

B4 H115% 20084F 11H

Basin No Date Du(rsrt)lon 1();133)1 Dlre&;ﬁnOﬁ Runoff ratio

1 84.07.02.20~07.05.03 55 238.3 206.3 0.866

2 85.07.10.10~07.11.01 15 78.8 46.8 0.593

3 89.07.24.22~07.27.15 65 266.3 251.8 0.946

4 90.06.20.12~06.21.18 30 1085 98.8 0.910

5 91.07.24.22~07.26.03 29 84.8 477 0.563

| 6 91.08.02.01 ~08.02.14 13 71.7 53.1 0.741

Sanganmi

7 92.09.24.07~09.25.01 18 99.1 34.1 0.344

8 94.07.07.19~07.08.13 18 435 23.1 0.531

9 96.07.04.13~07.05.06 17 45.1 11.9 0.263

10 96.07.21.13~07.22.14 25 75.8 40.1 0.529

11 97.07.01.01 ~07.02.09 32 127.3 101.4 0.797

12 98.08.14.17~08.16.06 37 95.7 64.1 0.670

1 86.07.21.07~07.21.22 15 47.5 19.6 0.413

2 86.09.19.21~09.21.19 46 88.2 41.3 0.468

3 90.06.19.17~06.21.20 51 55.0 24.0 0.437

4 90.09.23.16~09.24.13 21 59.7 31.3 0.524

Museong

5 94.05.14.05~05.15.05 24 44.4 9.8 0.221

6 94.06.18.13~06.19.09 20 48.7 116 0.239

7 94.08.28.10~08.29.03 17 35.6 6.2 0.173

8 97.05.12.10~05.13.00 14 35.6 26.2 0.736

1 83.09.03.00 ~09.03.23 23 22.8 16.0 0.701

2 84.09.02.11 ~09.03.23 36 211.0 149.7 0.709

3 86.07.21.07~07.21.22 15 50.5 19.1 0.378

4 86.09.19.21~09.21.19 46 7.7 33.2 0.428

5 89.07.11.07~07.12.20 37 52.4 30.7 0.585

6 89.08.21.11 ~08.23.02 39 92.3 56.9 0.617

Byeong- 7 90.06.19.17~06.21.21 52 49.8 19.8 0.397

cheon 8 90.09.10.11~09.12.15 52 41.7 22.1 0.530

9 90.09.23.16 ~09.24.13 21 58.3 30.5 0.523

10 94.05.14.05~05.15.05 24 43.1 9.1 0.210

11 94.06.18.13~06.19.09 20 48.5 11.1 0.229

12 94.07.31.20~08.01.10 14 26.1 3.1 0.118

13 94.08.28.10~08.29.03 17 34.9 5.8 0.165

14 97.05.12.10~05.13.00 14 37.4 37.3 0.998
Table 69 Z9APES A gste] 21 PydE 4% ATHES 2w Aol Atk 47 A
FEFNS Aol BEFEFAN FEAFS 0] o o5 AHE PERFS BEg @ 9e gom
S Tables 7~10 € W, ok, 74, WA uehdth WA 498 33 129 4% FEAe B
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e LR -t = ] VAT R Hlsto] ZA WrERtaL, 42F 3RS RS A
FITh ARk frele 47hA o] mE BEQH & el gl ATk A foldd B a4
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Table 7. Comparison of Peak Discharges and Peak Times (Bangrim)
Peak discharge(cms) Peak time(hr)
No 3rd order 4th  order 3rd order 4th  order
Observed - - - - Observed —— - - -
Simple | Derived | Simple | Derived Simple | Derived | Simple | Derived
982 748 994 951
! 1,138 (86.3) (65.7) (87.3) (83.6) 42 465 443 464 4l
328 228 333 313
2 365 (89.9) 625) 91.2) (85.8) 10 15.3 134 15.2 12.9
199 134 202 187
S g9 | @3 | ams | ass | 130113 129 1 107
1,153 922 1,162 1,099
4 1516 (76.1) (60.8) (76.6) (72.5) 2 29.7 28.1 296 279
389 277 394 367
o 339 (114.7) (81.7) (116.2) (108.3) 16 186 16.1 185 158
812 606 822 756
61 3 | oz | @8 | ame | aiy | ® 2lz | 185 ) 2Ll ) 182
150 104 153 143
! 1 uess | (6w | ane | acon | M 16 | 133 1 1o 1 130
416 291 423 398
Bl 3 qogay | wo®) | asoe | azs | M 161 | 142 1 160 | 138
566 417 574 532
S 96 oo | wos | an | amn | 2@ 24z o229 Al 219
178 120 181 165
1000 M o5y | 39 | a266) | sy | O e e
219 152 222 207
11 249 (88.0) 61.0) (89.2) ®3.1) 21 245 22.0 24.4 21.8
204 145 208 194
12 129 (158.1) (112.4) (161.2) (150.4) 16 190 169 189 163
622 453 631 587
B Sy | 3 | aos) | ams | P 201179 ) 200 176
98 69 99 94
14 63 (155.6) (109.5) (157.1) (149.2) 16 183 160 182 15.7
618 458 626 584
15 699 (88.4) (65.5) (89.6) (83.5) 20 235 20.9 234 208
463 351 469 458
16 o10 (90.8) (68.8) (92.0) (89.8) 30 341 318 340 317
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Table 8. Comparison of Peak Discharges andPeak Times (Sanganmi)

Peak discharge(cms) Peak time(hr)
No S 3rd order 4th  order . 3rd order 4th  order

Simple | Derived | Simple | Derived Simple | Derived | Simple | Derived
o [ | [ [ 20 [ e [ we | e | we | o
2 |33 | i | een | amn | awe | 0| 47 | 180 | 5 | 124
3 945 (7773%) (6517.82) (;f%) (77535) 23 285 30.0 28.2 25.8
e T T 8 [ o [ | o | e |
| [ L [ T T s [ | e | e | o
T | ge | @ | aioo | ame | 1B | 204 | 184 | w2 | 180
e [ T T e e w0 [ |
0| 150 | e | ame | aso | aun | B | 25 | B0 | 2 | 23
11 751 (gll_éélé) (g;%) (gg%) (S?i) 18 22.3 20.2 22.0 20.1
Table 9. Comparison of Peak Discharges and Peak Times (Museong)

Peak discharge(cms) Peak time(hr)

No Observed . 3rd order' . 4th order' Observed |— 3rd order. . 4th order.

Simple | Derived | Simple | Derived Simple | Derived | Simple | Derived
UL | ame | o | osea | aep | M| 04 | Ba | 84| 130
e [ e e e e [ e |
3| 5 | s | owy | @e | 10| 106 | s |80 | s
t e | aoe | ey | e | 1| 107 | 185 | 75| 146
50 | ams | @ | @ | aso | B 95227 rh 2zl
6 1% | o | s | ase | ame | P | W8 | 178 |2 | 10
T | o | e | amh | ams | 9| 42| 11| 14| 160
51 9 | g | e | oin | me | 0| 103 | 125 | 84 | 13

B4 H115% 20084F 11H
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Table 10. Comparison of Peak Discharges and Peak Times (Byeongcheon)

Peak discharge(cms) Peak time(hr)
No 3rd order 4th  order 3rd order 4th  order
Observed = = = = Observed —— = = =
Simple | Derived | Simple | Derived Simple | Derived | Simple | Derived
95 60 205 93
! 69 (137.7) (87.0) (297.1) (134.8) % 259 23.9 219 234
511 353 1,066 496
200 B2 sy | an | aess) | aen | | 182 ] 29 136 1 158
110 70 221 105
3 126 (87.3) (55.6) (175.4) (83.3) 13 144 131 101 122
93 77 140 9%
A8 g0 | s | asse | @3z | P | B4 | M5 | 42 a4
38 71 146 87
O 10 oy | o) | a0 | sro) | B | B3| 8L BT 3815
203 152 410 198
6 293 (69.3) (51.9) (139.9) (67.6) 32 36 349 284 313
79 50 167 77
! 8 (92.9) (58.8) (196.5) (90.6) 10 143 124 100 119
132 85 308 128
Bl 1By | ws | amo | @y | B | WS | 66 | 45 | 462
155 102 302 150
S I e | 83 | ame | @ | L | B8 149 o1 132
52 33 107 50
10 4 (126.8) (80.5) (261.0) (122.0) 18 172 158 130 148
65 41 137 63
W5 o0 | @59 | s | auen | | 18| 181 ) 103 1123
18 11 38 18
2016 G195 | ess) | @rs) | aizs) | 4| 188 19 90 112
34 22 73 33
BB o | ase) | @eon | airg | M| 12T | 112 84 106
218 138 436 212
14 288 (75.7) (47.9) (151.4) (73.6) 10 138 17 o7 111
440 440
400 400
360 | 360 |
S 3201 g 3201
=1 1 k=1 ]
T 280 T 280
o | 4 ]
5 240 5 240 1
S 1 S 1
@ 200 @ 200
X X
e ] B ]
o 160 | 0 160 -
120 | 120
80 | i 80 | ﬂ
40 T T T T 40 T T T T
3-S 3-GIUH 4-S 4-GIUH 3-S 3-GIUH 4-S 4-GIUH
IUH Method IUH Method
(a) Bangrim (b) Sanganmi

Fig. 6. Ratio of the Observed and Simulated Peak Discharges
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Fig. 6. Ratio of the Observed and Simulated Peak Discharges(continued)
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Fig. 7. Peak Runoff Ratios by the Derived and
Simple Estimations of GIUH
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Fig. 8. Ratios of Observed and Simulated Peak Discharges According to the Runoff Ratio
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