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Extended abstract

Introduction

Due to the heterogeneity in watersheds and the non-linearity of hydrological behaviors, it is very
complicated and difficult to fully understand the relationships within watersheds. Therefore, in evaluating
these systems, a modeling process is necessary. Over the last few decades, hydrological/hydraulic models
have become essential in hydrology studies due to the development of programming languages and the
provision of optimal and efficient algorithms for solving differential problems. The application of rainfall-
runoff simulation models for flood events has been extensively studied by researchers in the field of water
and soil protection, leading to the development of various models to simulate rainfall-runoff processes. One
of the successful models in this field is the TOPKAPI-X model. This model was created in the 1990s at the
University of Bologna by Professor Todini as a distributed rainfall-runoff model in watersheds. An
important feature of distributed models is their ability to simulate components at any point of the watershed,
allowing results to be extracted at any required point. Unlike lumped models that consider the entire
watershed as a single unit, distributed models allow spatial distribution at any point in the watershed.
Therefore, in this research, after calibrating and validating the TOPKAPI-X physical-distributed model in
the studied basin, the model was optimized for flood estimation.

Materials and methods

The Gamasiab basin is located in the west of Iran, in the northern region of the Zagros mountain ranges, to
the north of the Karkheh dam basin, and primarily within the territories of Hamadan and Kermanshah
provinces. The mountainous regions of this basin are mainly concentrated in the northern and southern
parts, while its lowlands and plains are mostly located in the middle and southeastern parts of the basin
(Ministry of Energy, 2014). In this research, the TOPKAPI-X model was used to simulate floods in the
Gamasiab watershed. First, the watershed boundary was delineated using a digital elevation model (DEM)
with a resolution of 30 meters. Land use maps, soil texture, watershed network, and climatic components
were entered into the TOPKAPI-X model. The outlet location of the basin (hydrometric station) was used
to simulate the flow using the TOPKAPI-X distributed hydrological model. Continuous time series data on
a daily time step were used in this rainfall-runoff model. Specifically, daily rainfall data from 13 rain gauge
stations and temperature data from 4 synoptic stations during the statistical period (1999 to 2020) were used
to simulate the flow. After running the model several times, the general parameters were manually adjusted
each time until the optimal values of the general parameters were obtained by considering the appropriate
values of the evaluation criteria (NS and Bias) for the basin.

Results and discussion

This research was conducted to analyze the flood discharge of one of the main sub-basins of the Karkheh
dam basin using the TOPKAPI-X model on a daily time scale. In the TOPKAPI-X software environment,
simulations were performed during the calibration period using input maps and observational rainfall,
temperature, and discharge data. A visual comparison of the observed and simulated hydrographs allows
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for a general and quick evaluation of the model's accuracy. The graphical results of the comparison between
the discharge generated by the TOPKAPI-X model with the calibrated parameters and the measured
discharge in the Gamasiab basin were presented. The TOPKAPI-X model has the ability to estimate the
maximum daily flow rates of the Gamasiab basin; however, some of the simulated flow rates are higher
than the observed flow rates. Four criteria—NSE, R, BIAS, and RMSE—were used to evaluate the model.
The evaluation results of the TOPKAPI-X model indicate the accuracy of flow simulation, with a Nash-
Sutcliffe criterion of 0.697 during the calibration period (1999-2014) and 0.660 during the validation period
(2015-2020) for the Gamasiab basin. Therefore, it can be concluded that this model has good performance
for flow simulation.

Conclusions

The importance and usefulness of hydrological models for water resources management, understanding
hydrological processes, and conducting impact assessment studies is clear. Hydrological models are crucial
tools that enable scientists and policymakers to make informed decisions based on simulations of watershed
behavior. Considering the increasing demand for water and the impact of climate change, hydrological
simulation will be one of the essential methods for future water management. The results of this study
showed that the TOPKAPI-X model has potential in simulating runoff in the selected basin. Due to the
capabilities of the TOPKAPI-X distributed hydrological model, this software is recommended as a
modeling tool for other basins.
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Table 1. Parameters of TOPKAPI-X model
Symbol Parameter Values in Gamasiab basin
L(m) Thickness of the upper soil layer 0.4-0.9
Ksh(m/s) Horizontal hydraulic conductivity of soil 9.71E-03-1.8E-06
Ksv(m/s) Vertical hydraulic conductivity of soil 2.4E-04-1.01E-09
Theta S Saturated soil moisture content 0.3832-0.5051
Theta R Residual soil moisture conten 0.0413-0.1024
Exp H The power of the horizontal flow equation 2.5
Exp V Power law of vertical penetration 13-25
Psi (m) Soil suction height 0.062-0.32
n(s/m*"?) The Manning coefficient of landuse 0.01-0.35
Kc Plant coefficient of landuse 0.183-1.05
Channel Level(m) Channel depth 0.0128-1.48
Moisture. Initial soil moisture 0.05-08
T(°c) Average monthly temperature of the stations 0.14-28.8
- Channel section Triangular-rectangular
Q(m’/s) Maximum channel capacity 20000
- Channel connection angle 1-7
n(s/m"'?) Channel coverage Manning factor 0.035-0.06
T(oc) Threshold temperature of snow formation or melting 1.3
W(m) Minimum and maximum channel width 5-50
H(m) The height of the meteorological station 1318-1750
XY Weather station coordinates -- 484000 — 1114500

Slwlold 5l 035> ol) (525 (59555 slo el polie =¥ Jgu
Table 2. Values of land use input parameters of Gamasiyab basin

Average plant coefficient Roughness coefficient Area percentage Types of land use

0.183 0.01 0.25% iﬁgfe;iliﬁi
0.6167 0.07 29.16% Week forest
1.0333 0.127 2.12% Irrigated land
0.7125 0.35 21.06% Water

1.05 0.04 0.09% Cultivated
0.8958 0.1 0.17% forest

0.45 0.12 30.25% Rangeland
0.6166 0.15 15.42% Meadow

0.2 0.02 1.48%

Urban area
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Fig.6. Observed and simulated hydrograph of 2004-2007 from the calibration period of TOPKAPI-X model (Gamasiab basin)
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Table 3. Water balance components values of the basin in the simulation period

. Total Infiltrat . .
Basin Runoff ) runoff ntiltrate Evaporathn ] Rainfall
coefficient and transpiration (mm)
Gamasiab 15.18 1366.6 6628.87 1006.3 9001.77
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Table 4. Performance criteria of TOPKAPI-X mode in the calibration and validation period for Pole Chehr station as Gamasiab
basin outlet

Process Criterion Watershed
NSE 0.697
Calibration(1999-2014) 0.843
BIAS 3.40
RMSE 16.40
NSE 0.660
Validation (2014-2020) 0826
BIAS -1.48
RMSE 36.21
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