Young Proceedings of the 1st IAHR
Professionals Young Professionals Congress
Network 17-18 November 2020

Hosted by
YPN Spain Water and IWHR, China

WATER BUDGET USING REGIONAL HYDROLOGICAL MODELLING AND GIS
TECHNIQUES IN PERUVIAN AMAZON: CASE STUDY IN YURACYACU WATERSHED-
MAYO RIVER

Walter Gomez Lora !, Victor Gallo Ramos ? & Katherine Camacho Zorogastta 3

1.23 |nstituto Especializado de Investigacion y Gestion del Agua, Lima, Perd
123 Facultad de Ingenieria Geografica, Ambiental y Ecoturismo, Universidad Nacional Federico Villarreal, Lima, Perd
jgomez@unfv.edu.pe, 2012000392@unfv.edu.pe; 2016313001 @unfv.edu.pe

ABSTRACT

In a context of paucity hydrometeorological data in the Peruvian Amazon as one of the main problems for Peru,
added that this doesn’t allow to know the water yield of it's basins. We propose a regional hydrological modelling
approach to estimate the water availability over to 1989-2015 period applied in the Yuracyacu watershed, tributary
of the Mayo river. This allowed relating physical catchment characteristics with hydrometeorological variables,
thus offering a regional perspective for ungauged areas (e.g. others catchment of the Altomayo region).Differential
Tests are used to assess the regional hydrological modelling robustness, showing a satisfactory flow simulate
defined for Nash—Sutcliffe, Kling-Gupta efficiency and bias criteria.
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1 INTRODUCTION

The water resource in the Peruvian Amazon basin has unique characteristics which give rise to the existence
of regions that lack water for much of the year and others with overabundance in a short time, which can be
explained by the topographical configuration and climatic variation of Peru.

(Emanuel & Escurra, 2000)mentioned that the Amazon River basin has almost 99% of the total water resources
existing in the Peruvian territory and a study carried out by (UNESCO, 2006) considers that the net annual
availability of water is 2696 mm.

However, there is limited information on hydrology in the Amazon of Peru. In this sense, (Lavado Casimiro,
Labat , Loup Guyot, Ardoin-Bardin, & Ordofiez Galvez, 2011) told that there is paucity availability of rainfall
information in the Amazon basin. This makes it difficult to determinate the water Budget and availability for
different uses.

Therefore, (Olden, J.D., Kennard, M.J. , & Pusey, B.J, 2012) affirm that in regions where the information is
limited, regionalization techniques and hydrological models are used to estimate the water balance, with many
approaches that will depend on the availability of dataset and the purpose of the study to be executed.

Against this background, this study aims to (a) determinate the physical characteristics of the Yuracyacu
watershed using G.I.S. and remote sensing techniques and (b) quantify the main hydrometeorological variables
involved in the water balance to obtain annual, monthly and different frequency flows for water use purposes.
2 MATERIALS AND METHODS

2.1 Hydrometeorological dataset

The database includes monthly precipitation and temperature for the 1980-2019 period from 12 stations (see
Figure 1) managed by the National Meteorological and Hydrological Service of Peru (SENAMH]I). Available data
for streamflow observations were 2001-2010 period (Yuracyacu gauging station). The precipitation and
temperature series followed the usual homogenization and validation procedures.

2.2 Cartographic and Satellite data

Were used two maps (12-i and 13-i) managed by National Geography Institute (I.G.N.), digital elevations models
of ALOS satellite and a Sentinel satellite image of 03/07/2019.
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2.3 Method

Were established mathematical-deterministic models through simple and multiple regressions. The data was
interpolate by Ordinary Krigging in 12.5 m x 12.5 m pixels considering altitudinals gradients. Potential
evapotranspiration was calculate according to (Thornthwaite & Matter, 1967), (Turc, 1961)and runoff deficit
regression functions. Finally, the streamflow were calculate using monthly water balance and the KGE (Gupta,
Kling, Yilmaz, & Martinez, 2009), Nash Sutcliffe (NSE) (Nash & Sutcliffe, 1970), Pearson Correlation Coefficient
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Figure 1 Spatial distributions of
hydrometeorological stations — Mayo river basin

3 RESULTS

Regional hydrological modelling allowed equations to be defined to determinate annual and monthly values of
the main hydrometeorological variables: P = 252.39 (H)%257°, T = 51.83 (H) %7, E = 0.0002 (H)%%54, where P
is annual precipitation (mm) T is annual average temperature and E is annual runoff (mm). In addition, monthly
models estimated precipitations and runoff values (see Figure 2). Efficiency metrics showed KGE and NSE
values equal to 0.9. Also, were found highly significant relationships (R > 0.8) between precipitation and runoff.
Finally, the annual duration curve was generated (see Figure 3) in order to flow at different persistence for water
availability purposes.
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Figure 2 frequency curve
4  CONCLUSIONS

Regional models can quantify mean values of hydrometeorological variables involved in the water balance with
an error of 3%, which is acceptable in regional studies and can be used in hydrological similar regions.

Of the results it was observed that 50% of the precipitated volume is generate in the altitudinal range of 1600 to
2100 m asl. On the other side, our results show high robustness in regional hydrological modelling to produce
streamflow, in terms of KGE and NSE acceptable.
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