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Hydrology WP - Peru

N E W  G R I D D E D  P R E C I P I TAT I O N  D ATA  F O R  P E R U

To collect or generate reliable and accurate hydrometeorological dataset, 
particularly precipitation (Manuscript published in Journal of hydrometeorology)

A N A LY S I S  O F  T H E  D I S T R I B U T I O N  O F  W AT E R  

B U D G E T  C O M P O N E N T S  I N  P E R U V I A N  B A S I N S

To understand the hydrological processes of Andean-Amazon basins (Manuscript 
published Hydrological Sciences Journal)

P R O J E C T E D  C H A N G E S  I N  WAT E R  B U D G E T  

C O M P O N E N T S  

To assess the climate change impact on water resources in Peruvian river basins 
(Manuscript in preparation)

Our main research objective in Peru is to understand the
distribution of water budget components at national scale
of Peru and its sensitivity to climate change for better
water resources management

Peru

Ecuador



Generation of a Gridded Precipitation Product for Peru and 
Ecuador (RAIN4PE) and Application in the Hydrological Modeling of 

Peruvian Catchments including the Upper Amazon River Basin

RAIN4PE (Rain for Peru and Ecuador) is the only gridded precipitation

dataset for Peru and Ecuador that benefits from observed precipitation,
estimated precipitation (satellite and re-analysis) and elevation data, and is
supplemented by streamflow data to estimate total precipitation in basins
with important contribution of cloud/fog water. RAIN4PE is available at daily
resolution and ~10 km for the period 1981-2015
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Objectives

1) to generate a high-spatial-resolution and hydrologically adjusted 
precipitation dataset called RAIN4PE (Rain for Peru and Ecuador), 
and 

2) to evaluate the applicability of RAIN4PE and the current state-of-
the-art precipitation products (ERA5, CHIRP, CHIRPS, MSWEP, and 
PISCO) for hydrological modeling of Peruvian and Ecuadorian 
watersheds.



Overview: precipitation measurement and precipitation datasets

 ERA‐Interim (Dee et al. 2011)
 MERRA (Reichle et al. 2017)
 ERA5 (Hersbach et al. 2020)

 CHIRPS (Funk et al. 2015a)
 MSWEP (Beck et al. 2019b, 2017)
 PISCO-prec (Aybar et al. 2020)
 RAIN4PE (Fernandez et al. 2022)

 CRU (Harris et al. 2014)
 GPCC (Rudolf et al. 2009)
 HYBAM (Guimberteau et 
al. 2012)

Rain gauge Radar

NASA/GODDARD/SCIENCE

 CHIRP (Funk et al. 2015)
 CMORPH (Joyce et al. 2004)
 TMPA (Huffman et al. 2007)
 IMERG (Huffman et al. 2019)

Satellites

Non-gauge corrected P datasets Gauge-corrected P datasetsGauge-based P datasets



Motivation: Poor performance of hydrological model using different 
precipitation (P) datasets in the upper Amazon River Basin

Gauge-based P

Zubieta et al. 2015

HYBAM TMPA CMORPH PERSIANN IMERG

Zubieta et al. 2017

Zubieta, R., A. Getirana, J. C. Espinoza, and W. Lavado, 2015: Impacts of satellite-based precipitation datasets on rainfall–runoff modeling of the Western Amazon basin of Peru and Ecuador. J. Hydrol., 528, 599–612, https://doi.org/10.1016/j.jhydrol.2015.06.064.
——, ——, ——, W. Lavado-Casimiro, and L. Aragon, 2017: Hydrological modeling of the Peruvian–Ecuadorian Amazon Basin using GPM-IMERG satellite-based precipitation dataset. Hydrol. Earth Syst. Sci., 21, 3543–3555, https://doi.org/10.5194/hess-21-3543-2017.

Uncorrected (satellite-based) P



Contribution of cloud/fog water into the system

Páramo

Montane forest • 0-30% of total precipitation (Liquid
precipitation + cloud/fog water)Helmer et al. 2019

Consideration : importance of cloud/fog water input into 
the system in the generation of precipitation dataset



• Runoff ratio greater than 1

Hydrological implications when cloud water is misrepresented 
in precipitation products in the upper Amazon River basin

• water budget imbalance



Precipitation

Streamflow

Precipitation

Soil moisture

How to estimate total precipitation in regions 
with scarce data and water budget imbalance?



Study area and data

Data for the precipitation 
estimation

 Precipitation sources
 Gauge-based precipitation
 Satellite-based precipitation 

(CHIRP dataset)
 Reanalysis-based precipitation 

(ERA5 dataset)
 Elevation
 Streamflow

Red polygons show the gauged catchments with water budget
imbalance where gridded precipitation datasets are corrected
using streamflow data through reverse hydrology: Nueva Loja
station gauges the catchment “A”, San Sebastian (B), Francisco De
Orellana (C), Santiago (D), Borja (E), Shanao (F), Chazuta (G), Puerto
Inca (H), Lagarto (I).streamflow stations (72)Precipitation gauges (804)



Methodology

• Here “d” (“m”) indicates the daily (monthly) time step

• BDi,..n are buffer distances (distance from any point to

all precipitation gauges)

• SWAT is the Soil and Water Assessment Tool

• BCF is the bias correction factor

• OFs are the objective functions for hydrological model

calibration (log NSE y FDC signatures)

• BCF is optimized only over catchments with water

budget imbalance

• Optimization algorithm: Borg MOEA

• GOFs are the goodness of fit measures

Model calibration is based on our previous study:



Results: spatial patterns of precipitation

(a) Annual precipitation climatology (1981-2015)

(b) Annual precipitation climatology (1981-2015)

corrected using Q through reverse hydrology to 

achieve water balance closure

(b-a) Amount of precipitation under-estimated 

over montane watersheds

Uncorrected P Gauge-corrected P



The coefficient of 
determination

Mean Error

Which precipitation datasets are reliable?
Comparison of precipitation datasets using gauge observations at monthly scale for 1981-2015



Which precipitation products are reliable for hydrological modeling using 
the Soil and Water Assessment Tool (SWAT) model?

Worse Best

SatisfactoryUnsatisfactory

NSE
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PBIAS values 
between -10 to 10 
shown in green 
points indicate good 
model performance 
in achieving the 
water budget closure

Hydrological model performance for monthly streamflow simulation (1983-2015) using six precipitation datasets



Why do most of the precipitation datasets show 
unsatisfactory performance for streamflow simulation 
of Ecuadorian basins?



RAIN4PE data availability
 Daily precipitation data in NetCDF format can be 

downloaded from https://doi.org/10.5880/pik.2020.010

 The data is also available to download using the 

Google Earth Engine platform from awesome-

gee-community-datasets

More details about RAIN4PE in:

https://doi.org/10.5880/pik.2020.010
https://samapriya.github.io/awesome-gee-community-datasets/projects/gridded_ppt/


Conclusions

 Our precipitation product RAIN4PE resulted to be more reliable and accurate for the 

hydrological modeling of Peruvian and Ecuadorian watersheds compared to other 

precipitation products such as ERA5, CHIRP, CHIRPS, MSWEP, and PISCO.

 RAIN4PE can be used for multiple hydro-meteorological applications:

 Water budget

 Spatio-temporal analysis of droughts and floods, etc.

 The approach used for the generation of RAIN4PE can be used in other data-scarce 

regions. E.g. for amazon basin or south America



Return flow
from shallow aquifer

Recharge to
deep aquifer

Evapotranspiration?
Precipitation

Infiltration/ plant uptake/ 
Soil moisture redistribution

Revap. From
Shallow Aquifer

Percolation to
shallow aquifer

Return flow
from deep aquifer

Water
yield? 

mm

mm

mm

Spatial variability of the water budget components (1985-2015)

The water budget at national scale of Peru was estimated for the first time 
which is a big step and will benefit the water resources management

• Hydrological model: SWAT driven by RAIN4PE precipitation data



Projected spatiotemporal changes in water budget components 
under climate change

Precipitation

Ref. period: 1985-2015

The maps show the ensemble median values of the climatological percent
changes for precipitation under SSP1-2.6 and SSP5-8.5 compared to the historical
period (1985–2015)

mm

↓precipitation over 
lowlands (specially over 
the southern lowland)

↑precipitation along the 
Peruvian Andes



Projected spatiotemporal changes in water budget components 
under climate change

Evapotranspiration

mm

Ref. period: 1985-2015

The maps show the ensemble median values of the climatological percent
changes for evapotranspiration under SSP1-2.6 and SSP5-8.5 compared to the
historical period (1985–2015)

No changes in evapotranspiration 
over Andean basins 

↑evapotranspiration over the 
lowland and arid coastal areas



Projected spatiotemporal changes in water budget components 
under climate change

Water yield

Ref. period: 1985-2015

The maps show the ensemble median values of the climatological percent
changes for water yield under SSP1-2.6 and SSP5-8.5 compared to the historical
period (1985–2015)

mm

↓water yield over lowlands 
(specially over the southern 
lowland)

↑water yield along the Andean 
basins



Planned activities for Brazil

• Generation of the new precipitation data for Amazon/south America 

based on our gained experience in Peru

• Analysis of water budget of Amazon River Basin and its sensitivity to 

climate change

Ecuador



Nash–Sutcliffe efficiency (NSE)

TRMM 3B42

Motivation: Poor performance of hydrological model using 
different precipitation (P) datasets in the upper Amazon River Basin

Correa et al. 2019Paiva et al. 2013

ERA-20CM



Data: observed precipitation (P) data for 1981-2015



Is the generation of gridded precipitation data 
for Amazon/South America of your interest?

How can we obtain the observed precipitation 
and discharge data?

How can we collaborate with your institution?




