Simulation of water balance components using TOPKAPI-X distributed
hydrological model (Case study: Kashkan basin)

ABSTRACT

Considering the importance of knowing and awareness of the watersheds water balance status, and analyzing the
hydrological behavior of watersheds for planning and implementing water-related projects, the need to use new
technologies in predicting water balance components is more evident than ever. Based on this, in the Kashkan watershed
by utilizing the TOPKAPI-X hydrological model, the water balance components of the basin were simulated according to
the cellular network design. Digital maps of the basin, land use, outlet point, soil texture, elevation, and continuous time
series of temperature, precipitation, and discharge in the daily time step are the main inputs of the model. The model in
each cell network balances the water balance of the entire period . Model calibration was done for the 15 years of the
statistical period (1999 to 2014) and model validation for the 6-year period (2014 to 2020). The results showed that 27.-2
and 28.43 percent of the total precipitation of the Kashkan basin was discharged from the basin as total runoff (respectively
for calibration and validation periods), which is consistent with the observation data at the outlet hydrometry station. Next,
to evaluate the efficiency of the model, the simulated values in both statistical periods were compared to the observational
discharge. Statistical methods such as the Nash-Sutcliffe evaluation criteria showed that the TOPKAPI-X model predicted
the water balance components such as actual and potential evapotranspiration, infiltration, and the amount of runoff,
especially the total runoff, in this basin with relatively good accuracy (coefficient above 60%).

Keywords: Spatially distributed model, flow simulation, Karkheh basin, TOPKAPI-X.
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Extended Abstract

Introduction

Hydrological models are a simplified representation of the real hydrological system, which help
to study the functioning of the basin in response to various inputs and to better understand the
hydrological processes. The use of models to estimate the annual runoff of watersheds in arid
and semi-arid areas without hydrometry stations has been of interest to hydrology researchers
for a long time. For this purpose, in this research, after introducing the capabilities of
TOPKAPI-X as a hydraulic-hydrological model (which has not been applied by the researchers
in Iran so far), the precipitation-runoff processes of Kashkan basin in the environment
TOPKAPI-X has been modeled to simulate the flood flow process. According to the review of
scientific sources, it was found that the TOPKAPI-X is a model with a high capability for
simulating the flow rate and water balance, and the efficiency of this model has not been
evaluated in the Kashkan basin.

Material and methods

The studied area of this research is the Kashkan subbasin of the Karkhe river basin. The
TOPKAPI-X model is a type of continuous and distributed runoff precipitation model that has
been successfully implemented as a research and operational hydrological model in many
basins in the world (Liu and Todini, 2002). This model consists of five main modules that
simulate hydrological processes including subsurface flow, underground flow, channel flow,
evaporation and transpiration, and snow. This model can simulate in minute, hourly, or daily
time steps.

In this model, continuous time series data were considered in daily time step. The time series
of daily precipitation during the statistical period, including the daily rainfall of 19 stations,
during the statistical period of 1999 to 2020 was used to simulate the flow. After running the
model several times, the general parameters of the model were manually changed each time,
until their optimal values were obtained by considering the appropriate values of the evaluation
criteria (NS and Bias). Finally, after the calibration of the model, a six-year period (2014-2020)
has been considered as the model validation.

Results

In this research, to simulate the daily flow and determine the water balance of the basin, all the
components of the water balance such as precipitation, snowmelt, surface runoff, infiltration,
evapotranspiration, deep infiltration, and subsurface flow were simulated.

The results of the comparison of hydrographs during the peak flows show the good efficiency
of the model. Also, visual comparison of the observed and simulated hydrographs show that
the time to peak in two hydrographs is the same, and have occurred in one day. According to
the Nash-Sutcliffe criterion, the efficiency of the model in estimating the flow rate in the two
periods of calibration and validation is 61.9% and 61.7%, respectively, in the Kashkan basin.
The results of calibration and validation showed that the validation results of the model were
somewhat weaker than the calibration results, which are consistent with the findings of Crook
et al. (2005) and Ravasuka et al. (2014). In general, in some parts of the statistical period, the
results of the model were satisfactory, and in some periods, the simulation process was weak.
This issue can be related to the sensitivity of the model to the length of the calibration period



(Zarei et al. 2012; Crook et al. 2005) and the error related to the mathematical structure of the
model (Molehi et al. 2006). The effectiveness of this model in simulating the flow is consistent
with the results of Liu et al. (2009), Vischel et al. (2008), Kasia et al. (2009), Sinclari et al.
(2013), and Janabi et al. (2015).

Conclusion

Today, it is possible to estimate the various components of the water balance using distributed
hydrological models. In this research, the surface runoff and water balance components of the
basin were obtained based on model effective parameters in the daily time step with appropriate
accuracy, and the initial hydrograph of the runoff was extracted. In the calibration stage, to
improve the simulation and better match between the observed and simulated discharges, the
model's effective parameters were calibrated. The studied area had different land use and soil
types. In general, the TOPKAPI-X model showed relatively good performance for the studied
basin. Also, the results of this research can be used for studies, especially hydrology studies,
natural resources management and planning, environment and water resources.
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Symbol Parameter Ranges in Kashkan watershed
L(m) Thickness of the upper soil layer 0.3-0.4
Ksh(m/s) Horizontal hydraulic conductivity of soil 1.81E-03-3.5E-4

Ksv(m/s) Vertical hydraulic conductivity of soil 1.81E-06-3.51E-08



Theta S

Theta R Residual soil moisture conten 0.0413-0.0762
Exp H The power of the horizontal flow equation 25

Exp V Power law of vertical penetration 12 20

Psi (m) Soil suction height 0.062-0.32
n(s/m~te) The Manning coefficient of landuse 0.01-0.35

Kc Plant coefficient of landuse 0.VAY-Y, 45
Channel Level(m) Channel depth 0.065-1.2
Moisture. Initial soil moisture 055-0.8
T(°c) Average monthly temperature of the stations 1.8-28.51

- Channel section Triangular-rectangular
Q(m?%/s) Maximum channel capacity 20000

- Channel connection angle 2.8
n(s/m~te) Channel coverage Manning factor 0.03-0.06
T(oc) Threshold temperature of snow formation or melting 1.3

W(m) Minimum and maximum channel width 5-150

H(m) The height of the meteorological station 71041629
X-Y Weather station coordinates -484000% 1113000

Saturated soil moisture content

0.3885-0.4326
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