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Study on the Fractal Simplification of the Width
Function of River Networks and the Application to
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ABSTRACT

This paper aims at studying the scale properties of width function and its role acting
in rainfall-runoff process. In this study, the width function of river networks is proposed
to be a self-similarity structure based on fractal conception. For measuring the influence
of the scale effect, the different sizes of triangles are applied as the basic measurement
unit to generate the width function under different scales. In order to determine the
relationship between the width function and the runoff process, the diffusion theory is
thus employed to analyze the width function based on geomorphologic instantaneous unit
hydrograph (GIUH) for the runoff simulation of the project areas.

To analyze the scale effect influencing on rainfall-runoff process, the watersheds of
Heng-Xi and San-Xia in Taiwan are selected as study areas. The results of this research
show that the different sizes of triangular width functions represent different orders of
streams. Moreover, the scale effect can also be observed on modeling the runoff that
depends upon the intensity of diffusive effect. In other words, the more strong diffusive
effect on the motion of water particles will lead to more obvious scale effect on the
runoff.

This study shows that the approach of taking triangles of various sizes as basic units
to generate width functions under various scales is effective, and it also responses the
fractal characteristics of river networks very well. As the aspect of calculation of GIUH as
concerned, the analytical results of the outflow estimation indicate that the simple
triangular approximation of GIUH can be implemented successfully for calculation of
hydrologic responses in the project watershed.

Keywords: Width function, Fractal simplification, River network, Geomorphologic

instantaneous unit hydrograph, Scale effect.
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L 10000 1000 100 10 1 0.1
r RMSE| CE |RMSE| CE |RMSE RMSE| CE |RMSE| CE |RMSE| CE
0.694 | 0.084 | 0.957 | 0.073 | 0.960 | 0.049 | 0.977 | 0.019 | 0.995 | 0.014 [ 0.997 | 0.008 | 0.994
0.510 | 0.091 | 0.950 | 0.082 | 0.949 | 0.071 | 0.952 | 0.025 | 0.991 | 0.015 [ 0.996 | 0.004 | 0.998
0.391 | 0.075 | 0.965 | 0.085 | 0.946 | 0.071 [ 0.952 | 0.030 | 0.987 | 0.018 | 0.994 | 0.007 | 0.995
0.309 | 0.070 | 0.970 | 0.084 | 0.947 [ 0.080 [ 0.939 | 0.033 | 0.984 | 0.019 { 0.993 [ 0.007 | 0.995
0.250 | 0.118 | 0.915 | 0.090 | 0.939 | 0.068 | 0.957 | 0.032 | 0.985 | 0.019 | 0.994 | 0.009 | 0.992
0.207 { 0.081 [ 0.960 | 0.082 | 0.950 | 0.072 | 0.951 | 0.038 | 0.979 | 0.021 | 0.992 | 0.011 | 0.988
0.174 | 0.135 | 0.889 | 0.108 | 0.913 | 0.079 | 0.940 | 0.031 | 0.986 | 0.018 | 0.994 | 0.006 | 0.996
0.148 | 0.064 | 0.975 | 0.042 | 0.987 | 0.019 | 0.996 | 0.008 | 0.999 | 0.004 | 1.000 [ 0.003 | 0.999
0.128 | 0.033 | 0.993 | 0.029 | 0.994 | 0.012 | 0.999 | 0.002 | 1.000 | 0.001 | 1.000 | 0.001 | 1.000
0.111 | 0.048 | 0.986 | 0.046 | 0.984 | 0.016 | 0.998 | 0.004 | 1.000 | 0.002 | 1.000 | 0.001 | 1.000
0.098 | 0.064 | 0.975 | 0.066 | 0.968 | 0.038 | 0.986 | 0.014 | 0.997 | 0.007 { 0.999 | 0.002 | 1.000
0.087 | 0.040 | 0.990 | 0.039 | 0.989 [ 0.022 [ 0.996 | 0.010 | 0.999 | 0.006 | 0.999 | 0.002 | 1.000
0.077 | 0.030 | 0.995 | 0.024 | 0.996 | 0.027 | 0.993 | 0.012 | 0.998 | 0.007 [ 0.999 | 0.002 | 0.999
0.069 | 0.088 | 0.953 | 0.040 | 0.988 [ 0.021 | 0.996 | 0.010 | 0.999 | 0.002 | 1.000 | 0.002 | 1.000
0.063 | 0.103 | 0.935 | 0.048 | 0.983 | 0.020 | 0.996 | 0.002 | 1.000 | 0.001 | 1.000 | 0.000 | 1.000
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£S5 ZIREKEL r £ Pe HBRGBIFGSIE I VERR
e 10000 1000 100 10 1 0.1
r RMSE| CE |RMSE} CE {RMSE; CE {RMSE|{ CE {RMSE| CE |RMSE| CE
0.694 | 0.292 | 0.740 | 0.232 | 0.813 | 0.147 | 0.906 | 0.090 | 0.951 | 0.037 | 0.996 | 0.041 | 0.994
0.510 | 0.313 | 0.700 | 0.261 | 0.763 |} 0.189 | 0.844 | 0.128 | 0.901 | 0.058 | 0.989 | 0.062 | 0.986
0.391 | 0.232 | 0.835 | 0.171 | 0.899 | 0.090 | 0.965 | 0.055 | 0.982 | 0.041 | 0.995 | 0.036 | 0.995
0309 | 0.215 ] 0.859 | 0.157 | 0.915 ] 0.093 | 0.962 | 0.058 | 0.980 | 0.042 | 0.994 | 0.035 | 0.996
0.250 | 0.182 | 0.899 | 0.123 | 0.947 | 0.045 | 0.991 | 0.024 | 0.996 | 0.017 | 0.999 | 0.013 | 0.999
0.207 | 0.181 | 0.900 | 0.134 | 0.938 | 0.081 | 0.971 | 0.042 | 0.989 | 0.018 | 0.999 | 0.014 | 0.999
0.174 | 0.172 | 0910 | 0.125 | 0.946 | 0.087 | 0.967 | 0.058 | 0.979 | 0.044 | 0.994 | 0.028 | 0.997
0.148 | 0.175 | 0.906 | 0.114 | 0.955 | 0.039 | 0.993 | 0.015 | 0,999 | 0.002 | 1.000 | 0.002 | 1.000
0.128 | 0.182 | 0.898 | 0.115 | 0.954 | 0.049 | 0.990 | 0.023 | 0.997 | 0.018 | 0.999 | 0.014 | 0.999
0.111 | 0.184 | 0.896 | 0.115 | 0.954 | 0.061 | 0.984 | 0.038 | 0.991 | 0.017 | 0.999 | 0.013 | 0.999
0.098 | 0.137 | 0.943 | 0.091 | 0.971 | 0.038 | 0.994 | 0.010 | 0.999 | 0.007 | 1.000 | 0.005 | 1.000
0.087 { 0.122 | 0.954 | 0.076 | 0.980 | 0.035 | 0.995 | 0.019 | 0.998 | 0.015 | 0.999 | 0.006 | 1.000
0.077 | 0.130 | 0.948 | 0.075 | 0.981 | 0.035 | 0.995 | 0.021 | 0.997 | 0.013 | 0.999 | 0.009 | 1.000
0.069 | 0.147 | 0.934 { 0.085 | 0.975 | 0.031 | 0.996 | 0.017 | 0.998 | 0.010 | 1.000 | 0.006 | 1.000
0.063 | 0.136 | 0944 | 0.062 | 0.987 | 0.009 | 1.000 | 0.004 | 1.000 | 0.004 | 1.000 | 0.001 | 1.000
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o A CE EQP(%) ETP(hrs) CE EQP(%) ETP(hrs)
Bk 42(Ora) 0.951 1.740 -1 0.947 9.688 2
# B (Lynn) 0.920 -19.793 1 0.901 -10.720 1
# #(Yance) 0.906 -32.825 0 0.930 -23.328 0
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# 3 (Maury) 0.845 -27.288 0 0.519 -15.169 1
F % 5(Thelma) | 0.798 -20.620 1 0.780 -10.957 4
% 31 (Polly) 0.862 -31.397 2 0.801 -27.220 0
J ¥ (Seth) 0.880 -35.968 3 0.845 -25.169 4
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