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ABSTRACT
Hydrological modeling is a powerful tool for ensuring sustainable water resources management. The present study
applied the large-scale rainfall-runoff model MGB-IPH (the acronym for Large Basins Model and Institute of Hydraulic
Research) for modeling a river basin named Seridó. The Seridó river basin is located in the semi-arid Northeast
region of Brazil, where water shortage is a frequent problem. The model is calibrated for the period between 1990
and 2000. The model successfully simulates the seasonality of the basin and the contrast between dry and rainy
years. However, the discharge values are not adequately predicted by the model. One of the possible reasons for
that difference is the presence of many reservoirs in the basin, which are not considered by the model. In conclusion,
the present study reveals future research needs in the scope of hydrological modeling of river basins in semi-arid
regions.
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1 INTRODUCTION

The hydrological model MGB-IPH (Collischonn et al., 2007) has been applied in several studies of South Amer-
ican basins (Paiva et al., 2013; Fan et al., 2014; Pontes et al., 2017). Arid and semi-arid regions are drastically
affected by changes in precipitation patterns and land use. In these areas, modeling can be an important tool
for a more reasonable assessment and prediction of the supply capacity of the basins, which in turn frequently
consist of intermittent rivers. Therefore, the goal of the present study is to apply the MGB-IPH and, thus, to build
a hydrological model of the Seridó river basin.

2 MATERIALS AND METHODS

The Seridó river basin comprises a drainage area of approximately 10,080 square kilometers (Figure 1). The
basin has a semi-arid climate and high evapotranspiration rates of the order of 1,786 mm/year. Precipitation
is concentrated in short events that happen mainly from February to May, and are followed by long periods of
drought. The mean annual precipitation is 500 mm.

The pre-processing of the Seridó River Basin is performed using the plugin IPH Hydro Tools coupled with the
geoprocessing software MapWindow. The drainage system is obtained from the Digital Elevation Model (DEM).
The basin is discretized in tree sub-basins: two with steeper topography and one with the flattest topography
(Figure 1). The selected calibration period is between 1990 and 2000. From the available 81 rain gauges only
26 contain datasets for the selected time period (Figure 1). For the same reason, only 3 of the 46 stream gauges
in operation are considered. Calibration is performed by manually adjusting the most sensitive parameters. The
simulated flows are assessed with the Nash-Sutcliffe coefficient (NS) according to Nash et Sutcliffe (1970).
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Figure 1: Location of the study area

3 RESULTS AND DISCUSSION

The analysis of the simulated and observed hydrographs indicates that the model reproduces the seasonality
of the river basin and the contrast between dry and wet years. Nevertheless, the overall trend suggests that
the model overestimates runoff. The reason is suspected to be the effect of several reservoirs. There are at
least five reservoirs in the catchment area (in total more than 250,000,000 m3 of storage capacity). These hold
water that in turn never reaches the drainage system. Because the model does not account for this accumulated
water, the simulation of the peak flows is compromised. The lack of sufficient rainfall and stream gauge data are
additional challenges that may have hindered the calibration. Jørgensen et Bendoricchio (2001) points out that
poor data quality may make proper calibration impossible. The present model obtains acceptable performance
at only one stream gauge (NS = 0.246), while at the other two gauges the NS values indicate unsatisfactory
efficiency (NS = -0.127 and -0.42).

4 CONCLUSIONS AND FUTURE RESEARCH NEEDS

The presence reservoirs, which are not considered in the MGB-IPH, is believed to be one of the causes for the
inadequate model performance. In addition to that, the lack of sufficient data, specially stream measurements
for the calibration step, is a major challenge. For future research, the implementation of reservoir operation in
the MGB-IPH model is suggested. In conclusion, the present study conveys knowledge for further modeling of
similar regions.

References

Collischonn W., Allasia D., Da Silva B. C., Tucci C. E. (2007). The MGB-IPH model for large-scale rainfall—runoff modelling. Hydrological
Sciences Journal 52(5), 878–895. doi:https://doi.org/10.1623/hysj.52.5.878.

Fan F. M., Pontes P. R. M., Beltrame L., Collischonn W., Buarque D. C. (2014). Operational flood forecasting system of the Uruguay River
basin using the hydrological model MGB-IPH. ICFM-6 proceedings. São Paulo, Brasil .

Jørgensen S. E., Bendoricchio G. (2001). Fundamentals of ecological modelling, Volume 21. Elsevier.

Nash J. E., Sutcliffe J. V. (1970). River flow forecasting through conceptual models part I— a discussion of principles. Journal of hydrol-
ogy 10(3), 282–290. doi:https://doi.org/10.1016/0022-1694(70)90255-6.

Paiva R. C., Collischonn W., Buarque D. C. (2013). Validation of a full hydrodynamic model for large-scale hydrologic modelling in the
Amazon. Hydrological Processes 27 (3), 333–346. doi:https://doi.org/10.1002/hyp.8425.

Pontes P. R. M., Fan F. M., Fleischmann A. S., de Paiva R. C. D., Buarque D. C., Siqueira V. A., Jardim P. F., Sorribas M. V., Collischonn
W. (2017). MGB-IPH model for hydrological and hydraulic simulation of large floodplain river systems coupled with open source GIS.
Environmental Modelling & Software 94, 1–20. doi:https://doi.org/10.1016/j.envsoft.2017.03.029.

c©YEAR, IAHR. Used with permission ISSN (Online) - ISSN (Print) - ISSN (USB)

http://dx.doi.org/https://doi.org/10.1623/hysj.52.5.878
http://dx.doi.org/https://doi.org/10.1016/0022-1694(70)90255-6
http://dx.doi.org/https://doi.org/10.1002/hyp.8425
http://dx.doi.org/https://doi.org/10.1016/j.envsoft.2017.03.029

	1 Introduction
	2 Materials and Methods
	3 Results and discussion
	4 Conclusions and future research needs

