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Performance assessment of GR4J rainfall-runoff model in daily flow
simulation of Nirchai Watershed, Ardabil province
Raoof Mostafazadeh!, Ebrahim Asgari?
Abstract

The necessity of precise estimation of daily discharge values and prediction of hydrological response in
ungagged watersheds highlights the importance of rainfall-runoff model applications. The GR4J model is
an integrated rainfall-runoff model that produces reasonable results with limited input and easy accessible
data. In this study, the performance of GR4J model was assessed in simulating daily flow of the Nirchai
watershed, Ardabil province. Daily precipitation, evapotranspiration, and discharge data were used during
the period of 2002-2012 years. After obtaining the input model parameters, the model was calibrated using
trial and error process and consequently validated against different available data set. The simulation results
showed that despite the over-estimation of the simulated values in validation stage, the simulation was
consistent with flow variations well as predict the low flow periods in an acceptable manner. The evaluation
of the results based on Nash-Sutcliffe criteria showed that the range of model accuracy varies from between
0.31-0.77 in different years. The evaluation of the results showed that the GR4J model with moderate and
acceptable results can be used for daily flow simulation in similar watershed in terms of climate,
physiographic and land use. The difference in elevation of the recording climatic station with the real state
watershed condition may affect the accuracy of the modelling results. Despite testing the GR4J model in
numerous watersheds, it seems that the area and hydrological response of the watershed are effective factors
on modelling results (with daily time scale). Therefore, the fast-hydrologic response of the Nirchai
watershed due to high slope amount and small area may not properly reflected in the rainfall-runoff model
simulation.

Keywords: GR4J Model, Calibration, Validation, Flow modelling, rainfall-runoff model, Nirchai
Watershed
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Performance assessment of GR4J rainfall-runoff model in daily flow

simulation of Nirchai Watershed, Ardabil province
Raoof Mostafazadeh!, Ebrahim Asgari?

Abstract

Introduction: The necessity of precise estimation of daily discharge values and prediction of hydrological
response in ungagged watersheds highlights the importance of rainfall-runoff model applications. The GR4J
model as a lumped rainfall-runoff model produces reasonable results with limited input and easy accessible
data. In this study, the performance of GR4J model was assessed in simulating daily flow of the Nirchai
watershed, Ardabil province. Rainfall-runoff transformation is of great importance in many hydrological
operations. Hydrological models can be used for various applications in water resources engineering and
management, including flood estimation and forecasting, long-term low flow forecasting, trend detection,
and reservoir design and management. Although many new models have complex structures, hydrologists
still emphasize the usefulness of rainfall-runoff models. Models have some inherent limitations, and in
lumped concept models it is difficult to quantify the uncertainty of the estimation parameters. In lumped
hydrologic models, the total area of the watershed is conceived as a feature and the behavior of the system
with respect to an input is simulated, regardless of spatial variations of the watershed characteristics over
the area under study.

Methodology:

The maximum elevation of the basin is 4400 meters in the northern parts of the watershed, and the minimum
elevation in the outlet and southeast of the watershed is 1610 meters. The length of the largest stream of
Nirchai watershed from the upland at an altitude of 4100 meters to its confluence with the city of Nir is
around 35.5 km. About 65% of the total area of this watershed is covered with rangeland area as a main
land use of the study area. The GR4J model has two linear reservoirs of different sizes, each of reservoir is
subject to the law of nonlinear flow and supports two routing functions based on unit hydrograph theory, so
the model can be used as a useful tool to simulate the behavior of watersheds with complex structures. The
GR4J model can simulate the time lag between rainfall and peak discharge values. Daily precipitation,
evapotranspiration, and discharge data were used during the period of 2002-2012 years. In the next step, the
available observed discharge data were divided into two periods according to the length of the available
data for calibration and validation of the model. After obtaining the input model parameters, the model was
calibrated using trial and error process based on maximizing the Nash-Sutcliffe objective function and the
values of the GR4J model calibration parameters were obtained. The model validation was performed
against different available data set and using the results obtained from the model calibration and the model
simulation results were evaluated using different assessment criteria and indicators. To evaluate the
accuracy of the model results, Nash-Sutcliffe criteria, coefficient of determination, and percentage error in
volume were used. The simulation results showed that despite the over-estimation of the simulated values
in validation stage, the simulation was consistent with flow variations well as predict the low flow periods
in an acceptable manner. The evaluation of the results based on Nash-Sutcliffe criteria showed that the range
of model accuracy varies from between 0.31-0.77 in different years. The evaluation of the results showed

I Associate Professor, Department of Natural Resources, Faculty of Agriculture and Natural Resources, member of Water
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that the GR4J model with moderate and acceptable results can be used for daily flow simulation in similar
watershed in terms of climate, physiographic and land use.

Discussion and Conclusion: The difference in elevation of the recording climatic station with the real state
watershed condition may affect the accuracy of the modelling results. Despite testing the GR4J model in
numerous watersheds, it seems that the area and hydrological response of the watershed are effective factors
on modelling results (with daily time scale). Therefore, the fast-hydrologic response of the Nirchai
watershed due to high slope amount and small area may not properly reflected in the rainfall-runoff model
simulation. Considering the elevation difference in the region, it can be said that the temperature and
precipitation conditions at the given station near the watershed outlet are different from the upstream part
and the center of gravity of the watershed, so part of the model error can be attributed to the position of the
precipitation station at low altitude. The study concluded that the amount of discharge recorded at the river
gauge station may be more affected by the values of the upstream climatic variables. Despite the use of this
model in multiple watersheds, it seems that the efficiency of the model is related to the watershed area and
hydrological response. In general, it can be concluded that the GR4J model for flow simulation in Nirchai
watershed is suitable and usable due to the average amount of Nash-Sutcliffe criteria in this watershed and
easy obtained input data to simulate the daily runoff values which is acceptable from statistical point of
view.,

Keywords: GR4J Model, Calibration, Validation, Flow modelling, rainfall-runoff model, Nirchai
Watershed
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