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Figure 1- The shape of the laboratory watershed investigated in this research.
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Table 1- Characteristics of events used in this research.

Test No.

Rainfall duration Rainfall intensity

(mm/hr)

193
169
114
273

278
283
288
286

(s)
1 120
2 120
3 120
4 120
5 180
6 180
7 180
8 180
9 240
10 240
11 240
12 240

203
206
172
110
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Figure 2- The process of determining the watershed hydrological response based on rainfall-runoff events.
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Figure 3- Output runoff hydrograph corresponding to the modeling of tests 1 to 4.
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Figure 4- Output runoff hydrograph corresponding to the modeling of tests 5 to 8.
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Table 2- Comparison of the maximum discharge resulting from calculation and observational methods.

Test No. * Observed *KW *HEC-1 *GA | * KW-RE **HEC-1-RE ** GA-RE

1 7.96 7.97 7.97 7.85 0.1 0.1 1.4
2 6.97 6.98 6.98 6.87 0.1 0.1 1.0
3 4.69 4.71 4.71 4.57 0.4 0.4 2.6
4 11.28 11.28 11.28  11.11 0 0 1.5
5 11.49 11.49 11.49 1135 0 0 1.2
6 11.68 11.70 11.70  11.69 0.2 0.2 0
7 11.91 11.91 11.91 11.92 0 0 0
8 11.79 11.82 11.82  11.69 0.3 0.3 0.8
9 8.39 8.39 8.39 8.25 0 0 1.7
10 8.90 8.93 8.93 9.09 0.3 0.3 2.1
11 7.08 7.11 7.11 6.93 0.4 0.4 2.1
12 4.52 4.55 4.55 4.44 0.7 0.7 1.8

Error average - - - - 0.2 0.2 1.3

*Values are in cubic meters per second (x 1075).

**Values are in percentage.
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Table 3- Comparison of hydrograph peak time value obtained from calculation and observational methods.

Test No. * Observed *KW *HEC-1 *GA | * KW-RE **HEC-1-RE ** GA-RE

1 127 88 88 120 31 31 1
2 129 92 92 120 29 29 1
3 132 105 105 120 20 20 1
4 122 79 79 120 35 35 2
5 186 78 78 135 58 58 27
6 180 78 78 135 57 57 25
7 175 78 78 150 55 55 14
8 175 78 78 135 55 55 23
9 182 87 87 105 52 52 42
10 181 85 85 225 53 53 2
11 202 92 92 150 54 54 26
12 225 110 110 150 51 51 33

Error average - - - - 46 46 16

*Values are in seconds.
**Values are in percentage.
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Table 4- Matching of hydrographs obtained from calculation and observational methods.

Index R NSE
Test No. KW HEC-1 GA KwW HEC-1 GA
1 0.906  0.927 0.953 0.915 0.900 0.953
2 0.929 0.950 0.963 0.938 0.901 0.966
3 0.937 0.968  0.993 0.913 0916 0.938
4 0.931 0.961 0.975 0.896 0.942  0.964
5 0.944 0.949 0.997 0.951 0.875 0971
6 0.945 0.948 0.995 0.933 0.828 0.984
7 0.931 0.933  0.996 0.918 0.799 0.987
8 0.935 0.938 1.006 0.923 0.815 0.985
9 0.947 0955 0.984 0.946 0915 0973
10 0.934 0941 0.979 0.920 0.877 0.976
11 0.931 0.937 0.984 0.939 0.880  0.969
12 0914 0.922 0.974 0.914 0.862  0.945
Index average | 0.932 0.944 0.983 0.926 0.876  0.968
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Figure 6- Changes in equilibrium time corresponding to changes in rainfall intensity.
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Extended Abstract

Introduction and Objective

Given the application of hydrological response in a watershed, various methods have been used
to determine this response and the results have shown a high degree of accuracy and accuracy
variability depending on the data used. By reviewing and summarizing the results of research carried out
in the modeling of rainfall-runoff, particularly the time-area method, it was found that in most of these
studies, the concept of watershed time concentration was used, which in most of the formulas used, the
physical properties of the watershed were used and the dependence of time concentration on rainfall
conditions was not studied. Therefore, this study was conducted to evaluate these methods using the
kinematic wave method in the GIS environment, the HEC-1 method, and optimization methods using
genetic algorithms in a V-shaped experimental watershed.

Materials and Methods

Observational data available in the V-shaped experimental watershed of the University of Illinois was
used for rainfall-runoff modeling. The studied watershed had an impermeable aluminum surface and
two uniform side sheets with a one-sided slope towards the channel with a constant value of 1%. In
addition, a central channel with a one-sided slope towards the outlet of the watershed with a constant
value of 1% was present. The roughness coefficient in this watershed was determined based on trial
and error at 0.014.
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Results and Discussion

After preparing the time-area histogram of the watershed using each of the mentioned methods,
the corresponding outflow hydrographs of the watershed were determined. Then, the results were
compared with observational data, and various components of the computational hydrographs were
also examined. The results showed that the performance of the genetic algorithm in determining
the peak time of the hydrograph with a 15% relative error was better than the performance of the
kinematic wave and HEC-1 models. Additionally, the genetic algorithm model had the highest
correlation coefficient with observational hydrographs with an average Nash-Sutcliffe Index
of 0.968 and an average correlation coefficient of 0.983. Furthermore, by fitting the curve to the
modeling results, an equation was obtained to determine the equilibrium time of the watershed
relative to rainfall intensity, with a determination coefficient of 0.999. This equation expresses the
inverse relationship between equilibrium time and rainfall intensity (with a power of 0.33), i.e.,
doubling the rainfall intensity reduces the equilibrium time by 20%. Finally, the coefficient of the
equation determining the equilibrium time for this watershed was found to be 495.2, and for each
rainfall intensity, its corresponding equilibrium time can be calculated with high accuracy.
Conclusion and Suggestions

In this study, under experimental watershed conditions, rainfall-runoff modeling was performed
with three categories of events and three categories of different rainfall durations, each event
category having four different rainfall intensity sizes. Corresponding hydrographs were
obtained for each event by examining the computational hydrographs and comparing them with
observational hydrographs, and it was found that the three models had one to two percent relative
error in determining the maximum runoff, but in determining the time to reach the hydrograph peak,
the kinematic wave and HEC-1 models had an average error of 44%. Finally, using the correlation
and Nash-Sutcliffe coefficients, it was determined that the computational hydrographs produced
by the genetic algorithm method were closer to the observational hydrographs and had a higher
degree of correlation. It is worth mentioning that in this experimental watershed, the dependence of
equilibrium time on rainfall intensity in impermeable conditions was confirmed. It is
recommended that the effect of infiltration or changes in surface roughness and the determination of the
dependence size be investigated.
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