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ABSTRACT
Introduction

Currently, the most important problem in estimating floods is the lack of sufficient
statistics and, as a result, the lack of proper assessment of flow rates. One of the methods
for estimating floods in these basins is the use of hydrological modeling. Vakili et al.
(2022). On the other hand, the use of high-precision methods in calculating precipitation
and curve numbers and their application in hydrological models has also reduced model
input errors and increased simulation accuracy. Sepehvand et al. (2023). Currently,
accurate flood prediction is of great importance, especially in arid regions where floods
are more irregular and severe. In addition to the lack of hydrometric stations in these
regions of our country, the important advantage of the Geomorphological Hydrograph
(GIUH) model, which allows for the simulation of precipitation-runoff of a basin with
minimal data, can be a useful and efficient tool (Asadi et al., 2022).

Heidari Chenari et al. (2022) showed that the simulated data have a high correlation
with the observational data in the calibration and evaluation of the parameters of the
HEC-HMS hydrological model in simulating individual rainfall runoff events in the
Tajan watershed. Esfandiari et al. (2022) compared the methods of converting effective
precipitation into surface runoff in simulating the flood hydrograph of the Nanekaran
basin, Ardabil province, and showed that the SCS method had the highest discharge and
the shortest time to peak, and the triangular method had the lowest peak discharge.
Sepehvand et al. (2023) showed in flood estimation based on precipitation estimation
with fractal theory and application of CN in the HEC-HMS model of the Tirah
Borujerd-Durood watershed that in the precipitation-runoff simulation section using the
HEC-HMS model, there is a good fit between the simulated and observed values. Darji
et al. (2019) In the precipitation-runoff modeling of the Machu River basin using the
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HEC-HMS model, they showed that there is a good correlation between observed precipitation and runoff amount, and
the model performance indicates a very good correlation between the observed and simulated runoff amount, and the
model is suitable for analyzing the frequency of floods in the watershed. Aliya et al. (2020) studied two hydrological
models, (SWAT) and (HEC-HMS), to predict river flow in the Katar Basin, Ethiopia, and showed that both models can
simulate river flow well. However, in river flow simulation, the results of the HEC-HMS model are more satisfactory
than the SWAT model. Tarahi et al. (2022) estimated runoff in watersheds using the GIUH-Nash model and fractal
analysis and concluded that the peak discharge estimation errors were within acceptable limits, so the model showed
good performance.

Methodology

The present study aims to find relationships for the concentration time based on fractal dimension in order to generate
a triangular unit hydrograph. In addition, in this study, the efficiency of the WinTR-55 model in analyzing and
calculating the maximum flood discharge in different return periods according to the parameters entered into the model,
along with the efficiency of the Geomorphological Instantaneous Unit Hydrograph (GIUH) model and the role of
geomorphological parameters in estimating the peak hydrograph discharge, have also been investigated. Therefore, in
this study, out of the 8 sub-basins of the Malayer Kalan Dam, only two sub-basins were selected and examined based
on their conditions in terms of similarities and differences such as slope, drainage density, slope, and land use. In order
to investigate the hydrograph of the fractal unit with other hydrogeomorphological parameters such as the basin shape
coefficient, and to verify the accuracy of two sub-basins, Ah upstream and Ac at the outlet of the basin, the large dam
was selected and investigated with the WinTR-55 hydrological model and (GIUH) the HEC-HMS hydrograph.
Therefore, the following data and software were used to conduct this research:

- Observational flow data and 24-hour rainfall for the available statistical period

- GIS (Geographic Information System) software to prepare the required maps

- Geomorphological parameters of the watershed, including: branching ratios (RB), length (RL), area (RA), watershed
length (Km), watercourse density (Km/KM?2), weighted average slope of the basin (%), Horton and Gravelius shape
coefficients

- WinTR-55 and (GIUH) NRCS hydrological models, and HEC-HMS hydrograph generation.

Results and Discussion

The study shows that in the Ac sub-basin there is an acceptable agreement between the NRCS unit hydrographs and the
fractal dimension unit, and the HEC-HMS model output also indicates that there is an acceptable agreement between
the observational data and the model output in the Ac sub-basin, which is observed in the fractal dimension and the
HEC-HMS output as a single NRCS hydrograph. The results of calculating peak discharge using the Geomorphology
Unit Hydrograph method, despite the small size and small changes in the basin's geomorphological parameters, show
that the peak discharge values estimated in the GIUH method differ little from the observed and calculated discharges
using the WinTR-55 model, which means that geomorphological parameters play an important and effective role in
estimating peak discharge. Studies have shown that the WinTR-55 model hydrographs provide acceptable
measurements of observational data in return periods of less than 5 years, and the longer the return period, the less
accurate the model. In addition, the model is more sensitive to the CN curve number values, indicating that the model
provides acceptable results for small sub-basins and is not suitable for large basins. The results show that the greater
the height difference, the less consistent the NRCS unit hydrograph and the triangular unit hydrograph. But the
important point that can be deduced from fractal hydrographs is that the time of concentration has been corrected relative
to the hydrographic drainage network in both sub-basins, which is visible in the Ah hydrographs.

Conclusions

The results of hydrographs extracted from the HCE-HMS and WinTR-55 models show that the fractal dimension has
modified the hydrographs. According to the results presented, the fractal dimension calculated for the river network
shows an increasing trend from upstream to the outlet of the basin. and it represents the surface filled with the fractal
curve under study. In the case of the river network, this situation indicates the extent of the spread of the waterways in
the basin and the extent to which the basin surface is covered by the drainage network. The closer this number is to 2,
the more surface of the basin is drained by the drainage network. So that the number 2 indicates that the entire basin
surface is covered by drainage network. In fact, the increase in fractal dimension obtained from this method from the
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highest point towards the outlet indicates that as the watershed outlet gets closer, a greater number of drainage network
become effective in draining the basin surface. The results of calculating the peak discharge in the basin using the
Geomorphology Unit Hydrograph method, considering the small size of the basin and the small changes in
geomorphology parameters at the basin level, indicate that the peak discharge values estimated in the GIUH method
have a small difference with the observed discharges aswell asthe discharges calculated by the WinTR-55 model, which
means that geomorphology parameters play an important and effective role in estimating the peak discharge. An
examination of the WinTR-55 model and the fractal dimension shows that for small basins, with a maximum area of
65 square kilometers (25 square miles), this model can provide acceptable simulations and, in other words, can be used
at the sub-basin level. In addition, this model provides better results in areas where the concentration time is between
0.1 and 10 hours. It is recommended to use the winTR-55 model and the fractal dimension in such areas.
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Figure (2): Fractal dimension limited to each window by box counting method in the Ah sub-basin
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Figure (3): Fractal dimension limited to each window by box counting method in the Ac sub-basin
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Table (1): NRCS triangular unit hydrograph parameters for the Ac and Ah basins
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Figure (5): B) Image of drainage network and calculation of the fractal dimension of the Ah basin
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Table (2): Fractal hydrograph parameters for the Ac and Ah basins
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Figure (6): Comparison chart of NRCS hydrograph and fractal for Ac sub-basin
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Figure (7): Comparison chart of NRCS hydrograph and sub-basin fractal Ah
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Table (3): Results of statistical error estimation of hydrographs of Ac and Ah sub-basins
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Table(4): Percentage error of fractal hydrograph parameters and NRCS
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Table (5): Area distribution of hydrological groups in the sub-basins of the study area
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Table (6): Initial CN values of the studied sub-basins based on the standard table
D C B A Olse
va Yy 70 O CN

: =
>l L&
e 2
3 2
. 2
Loal,
=Ll sanls
= 3> 3
L z & ady> 358
g B 1
= ] $353L88
R ek <M
= 2 = &L - salas
5. .§ - Joiesie 25154
2 o |2 2R &l
° 225 as ° UG aes
u'&;.'l u’,'rﬁ" “'W'Vl "')'V" el

2o D v s g gf‘”)' Sy Al ((N) JSSs
Figure(8): Land use map of the Malayer Dam basin
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Table (7): Estimated values of hydrological characteristics using indices for two sub-basins of the Malayer Dam
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Figure(12): Hydrograph WinTR-55 Ac Basin
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Figure(13): WinTR-55 Basin Ah Unit Hydrograph
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