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ABSTRACT  
 

The study analyzed the impacts of climate change on future water availability in the Mapacho river 
sub-basin, Cuzco - Perú; evaluating three different global climate models (GCM) CSIRO.Mk3.6.0, 
GFDL-ESM2M and MIROC5 under emission scenarios RCP4.5 and RCP8.5. This approach used 
the Soil and Water Assessment Tool (SWAT), simulating the daily discharge in two scenarios: near 
future (2020-2050) and far future (2070-2100). The statistics show an acceptable performance in the 
calibration period (NSE = 0.68, RMSE = 13.5 and PBIAS = 1.5%) and validation (NSE = 0.64, RMSE 
= 27.44 and PBIAS = -18.3%). It is concluded that the annual discharges, for the near future period, 
present a variation from -14.4 % to 14.30% and from -7.55% to 19.89%, for RCP4.5 and 8.5, 
respectively. 
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1 INTRODUCTION 

Climate change proves to be the most complex problem for societies in the next years, due to the significant 
impacts on flow regimes. Its incidence would exacerbate the current water availability problem that affects 
different exploitation activities. Soto et al. (2010), shows that during the years 2000 and 2010, 163 drought 
events were recorded in Peru, of which 78% occurred on the coast, 15% in the highlands and 7% in the 
jungle, reflecting the first impact of climate change. 

 
2 OBJECTIVE  

Evaluate the impact of climate change on the future water availability of the Mapacho River Sub-basin, using 
SWAT modeling considering two scenarios: near future (2020-2050) and far future (2070-2100). 

 
3 MATERIALS AND METHODS  
3.1 Study area 

The Mapacho River Sub-Basin is a tributary of the Urubamba River with an extension of 5496.6 km², it is 
located between an altitude from 494 to 5988 masl and located between 12.32⁰ and 13.85⁰ of South latitude 
and 71.06⁰ and 72.87⁰ of West longitude. The average annual discharge (2007-2018) in the headwater of the 
sub-basin (Paucartambo hydrological station) is 35.98 m3/s, a high water period between the months of 
December to April, with an average flow of 64.67 m3/s and a low water period in the months of May to 
November, with an average flow of 15.49 m3/s. 
 

3.2 Data  
3.2.1 Observed , gridded climatological information and Hydrometric 

There were a total of 21 meteorological stations distributed in the Mapacho River Sub-Basin. Likewise, were 
used the monthly gridded information PISCO-Precipitation v2.1 and maximum and minimum temperature 
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v1.1, with a spatial resolution of 0.1 ° (10km).(Aybar et al., 2019). 

GCM data download (P, T.max, T.min) was performed from NASA's NEX database. Of the 21 CMIP5 models 

downloaded, 3 of them were selected considering the representativeness of precipitation and temperature 

with respect to the historical PISCO data; for two scenarios (RCP 4.5 and RCP 8.5), with a resolution of 0.25º 

(25km - 25km). Spatial scaling of the GCM using IDW interpolation, selection of the GCM based on the RMSE 

and R2 indicators, and correction of the bias of the selected GCMs (Shrestha M. 2015). Hydrometric 

information for the calibration and validation process covers the period 2008 -2018. 
 
3.2.2 DEM, Land Use and Soil Type 

The DEM was downloaded from the Geoserver of the Ministry of Environment of Peru. The vegetation cover 

was downloaded from GlobeLand30 (Chen et al., 2015), 30 meter resolution and the soil map used was from 

FAO (Food and Agriculture Organization of the United Nations), year 1995 at a scale of 1:5 000 000. 
 
3.3 Methodology 

SWAT Hydrological Model 
SWAT (Neitsch, Arnold, Kiniry, & Williams, 2011) or Soil and Water Assessment Tool. It is a model of a river 
basin in continuous and semi-distributed time. The process of uncertainty analysis, automatic calibration and 
validation of the model was used SWATcup (Abbaspour et al., 2015). 
The efficiency of the model will be evaluated considering statistics such as the Nash-Sutclife efficiency 
method (NSE), the percentage bias method (PBIAS) and the RSR method by RMSE-Observations Standard 
Deviation. According (D.N. Moriasi et al. 2007) estimated as satisfactory if NSE> 0.5, RSR≤0.70 and PBIAS = 
± 25% for flow and NSE> 0.5, RSR≤0.70 and PBIAS = ± 55% for sediment. 
 

4 RESULTS 

For the months of December to March (high water period), discharges were obtained for RCP 4.5 in the near 

and far future, variations ranging from -12.3% to 7.1% and from 7.4% to 10.8%, respectively; while for the 

months of April to November (low water period), discharges were obtained in the near and distant future, 

variations from -17.5% to 54.7% and from -16.4 to 18.9%. 
On the other hand, in RCP8.5 in the wet season, discharges were obtained in the near and fur future, 
variations ranging from -6.7% to 19.9% and from -24.1% to 90.9%, respectively; while for the dry season the 
variations in the near and distant future were from -5.8% to 25% and from -5.7 to 132.1%. 
 

5 CONCLUSIONS 
The projections of annual discharges in the far future for RCP 8.5 indicate a probable increase of 15.58% to 
99.2% in the water supply, while in the wet season variations from 24.1% to 90.9% could be obtained, which it 
could cause possible floods. However, for RCP 4.5 the annual discharges in the near and far future are very 
varied, that is, there would be variations that could generate underestimations or overestimations with respect 
to the historical flow period (2008-2018), in the order of -14.14 to 14.30% and -11 to 11.43, for the near and 
distant future, respectively. 
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