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Estimation of Stream- Order -Ratios of
Catchments without GIS for Modeling
Catchment’s Runoff Using the GIUH Method

P. Keshtkaran’ and T. Sabzevari2

Abstract

The GIUH method is a method which deals with prediction of
the catchment’s runoff based on the stream- order- ratios
(SOR) data and the geomorphologic data of the catchments
lacking statistics. Many of the catchments, lack digital DEM
map and need GIS to provide such maps. This requires GIS
expertise and spending extra time which for many hydrologists
are not favorable compared to simpler runoff-rainfall models.
In this study, based on the stream ordering data of nine
different stream catchments in the world some equations have
been provided to determine stream-order ratios. Five
regression equations have been presented to measure the
geomorphologic of the streams including bifurcation ratio
(Re), length ratio, area ration (Ra), (RL), stream slope ratio
(Rs), and overland slope ratio (Rso). The results of SOR have
been applied and evaluated for three other catchments. Based
on the regression equations, the surface runoff of Heng- Chi
and Kasilian catchments were estimated using the GIUH
method. Based on the results, the peak error of the calculated
runoff using GIUH model based on the regression equations
was %10 more than the model’s measurements based on the
real data obtained from GIS. The errors of the model in the
estimation of Re, RL, Ra, Rs and Rso in the three case study
catchments were %4.7, %23.5, %7.1, %41.3, and %22.9,
respectively. The relative sensitivities of the ratios Rs, R, Ra,
Rs and Rso are shown to be 0.56, 0.01, 0.92, 0.042, and 1.33,
respectively.
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Table 1. Geomorphologic data of twelve case study catchments
(SWho 5b 3 Clitn 0 i adg> 033193 S 5lsd 90535 AU - Jgan

Catchment Name Morphological Data
Order | N; [ A, S. S, Re | RL| Ra | Rs | Rso
1. Gagas 1 121 1.74 3.02 0.172 0.810 48 | 24| 54 | 04 | 26
(Kumar and Kumar, 2008) 2 23 3.04 18.58 | 0.141 0.655
3 6 7.63 79.22 0.041 0.172
4 1 234 506 0.017 0.065
2. Heng-Chi 1 30 0.66 1.043 | 0.087 0.450 33 | 26 4 0.6 11
2 6 2.74 6.919 | 0.050 0.419
(Lee and Chang, 2005) 3 2 1.6 19.9 0.012 0.349
4 1 4.97 53.23 | 0.012 0.347
3. Kasilian 1 42 16 0.915 0.241 0.345 35 | 15| 43 | 04 11
2 11 1.79 4.813 | 0.070 0.297
(Sabzevari et al., 2013) 3 3 2.45 20.75 | 0.047 0.263
4 1 4.65 67.8 0.008 0.261
4. San-Hsia 1 69 0.92 1.15 0.161 0.314 42 | 29 5 0.4 11
2 16 2.08 4.99 0.092 0.203
(Chang and Lee, 2008) 3 3 3.88 18.15 | 0.037 0.364
4 1 17.8 125.9 | 0.013 0.293
5. Al-Badan 1 41 1.38 1.37 0.170 0.140 4 15| 45 1 1.7
2 6 3.2 10.12 | 0.092 0.062
(Shadeed et al., 2007) 3 2 5.03 40.73 | 0.140 0.051
4 1 3.17 85 0.135 0.029
6. Al-Faria 1 49 1.03 0.937 0.154 0.117 4 15| 43 11 16
2 8 212 6 0.085 0.058
(Shadeed et al., 2007) 3 3 3.5 19.4 0.161 0.033
4 1 2.62 64 0.125 0.031
7. Al-Malagqi 1 62 1.92 1.81 0.146 0.140 9 13 17 0.8 4.3
2 16 2.61 5.83 0.122 0.063
(Shadeed et al., 2007) 3 1 321 185 0.081 0.010
8. Debarwa 1 23 2.26 5.6 0.032 0.135 4.9 3 6 0.6 1.2
2 6 4.2 27.8 0.018 0.091
(Alemngus and Mathur, 2014) 3 1 17.7 195 0.010 0.098
9. Gherghera 1 58 2.45 5.9 0.027 0.136 29 (14| 33 | 09 14
2 14 4.19 30.6 0.018 0.087
(Alemngus and Mathur, 2014) 3 5 10.2 101.0 | 0.010 0.064
4 2 4.47 259.9 | 0.016 0.025
5 1 4.19 525.7 0.011 0.117
10. Long Chi 1 46 1.13 25 0.210 0.444 3.7 | 24 4 0.6 11
2 10 3.45 11.8 0.124 0.487
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Catchment Name Morphological Data
Order | N; L A, S. Sy Re | RL| Ra | Rs | Rso
(Shuyou et al., 2010) 3 4 3.19 32 0.073 0.514
4 1 9.94 141.8 0.054 0.364
11. Long Men 1 58 131 2.74 0.560 0.256 4 22 | 47 0.9
2 13 2.48 12.3 0.560 0.123
(Shuyou et al., 2010) 3 3 9.33 77.11 0.560 0.056
4 1 8.18 246.8 | 0.385 0.056
12. Chaukhutia 1 134 141 2.27 0.191 0.910 53 | 25| 57 0.5
2 31 2.65 12.28 0.123 0.567
(Kumar, 2014) 3 7 7.21 60.18 0.041 0.174
4 1 20.7 452.3 0.019 0.074
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Fig 2. Effect of Rg and R on DRH of the Kasilian
catchment
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Catchment Order | Ni Li Ai Sc So Re | R | Ra | Rs | Rso
1.Gagas 1 113 | 1.38 2.6 0.146 | 0.222 | 4.84 | 2.72 | 578 | 053 | 1.5
2 23 3.54 151 0.101 | 0.147
3 5 9.10 | 875 | 0.065 | 0.098
4 1 | 23.40 | 506.0 | 0.017 | 0.065
GIS 4.80 | 2.40 | 5.40 | 0.40 | 2.60
%Error 040 (137 | 76 |[21.0| 414
2.Heng-Chi 1 47 | 0.32 1.0 0.104 | 0.654 | 3.61 | 2.26 | 3.80 | 0.68 | 1.2
2 13 1.34 3.7 0.060 | 0.530
3 4 243 14.0 0.031 | 0.429
4 1 4.97 53.2 0.012 | 0.347
GIS 330|260 4 |0.60| 1.10
%Error 94 | 137| 50 (133 | 91
3.Kasilian 1 49 0.49 11 0.109 | 0563 | 3.65|2.09|392|0.72| 1.3
2 13 1.03 4.4 0.073 | 0.436
3 4 219 | 17.3 | 0.038 | 0.337
4 1 465 | 67.8 | 0.008 | 0.261
GIS 35| 15| 43|04 | 11
%Error 43 | 432 | 8.8 | 89.5| 18.2
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Table 3. Validation result of the GIUH model
RMSE g CE g REP y5lio Y Jgua

July1996 REP% CE RMSE
GIS 4.18 0.87 24.54
Present Study 10.62 0.86 25.44
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GIS 11.81 0.93 31.22
Present study 15.99 0.92 32.25
10May92
GIS 12.68 0.81 1.13
Present Study 27.33 0.76 1.26
4May93
GIS 35 0.87 0.10
Present study 12.6 0.91 0.10
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