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Motivation
• The National Water Authority (ANA) and the NGO WWF-Peru are working

since 2022 in a method to determine ecological flows at sub-basin level for
water planning purposes with the objective of reserving a volume of water for
aquatic ecosystems, which is in agreement with the Sustainable Development
Goals (SDG6), Target 6.4.2.

• The methodology was applied in the Pisco river basin and we expected it to
gradually move up at national level, so that the volume corresponding to the
ecological flow could be reserved from the water availability of each sub-basin.

• One of the key components of the methodology is the information about
monthly water discharge in every subbasin outlet of the main basin, so
because flow measure is scarce in Peru we choose explore the SWAT model
to accomplish that. It was the first application of SWAT in ANA, however some
other model are used like WEAP or HydroBID.

• Priority is given to the use of free data available at national level, like rainfall
and temperature daily product called PISCO (an hybrid product derived from
remote sensing data), digital elevation model, land cover and land use data
and soils information mainly.



Sustainable Development Goal (SDG 6)
Ecological flow



Possible scenarios for the use of water 
resources

Fuente: Smakthin et al., 2004
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Considerations and methods to estimate 
ecological flow

• Water resources planning at basin or sub-basin
scale

• Oriented towards specific objectives
• Based on the natural flow regime
• Ecologically relevant to preserve species and

habitats
• Socially and culturally important for the population
• Calculate 04 scenarios, different flows perform

different functions, which allows negotiating the
condition to be maintained.

• If you want to maintain a river in its most natural or
healthy state, you must maintain a greater flow and
replicate its annual and interannual variability.



Flowchart of the method



Practical application in the Pisco river basin
Lakes and wetland extension1

1Autoridad Nacional del Agua. (2018). Estudio piloto: Inventario de
Humedales en el ámbito de la ALA Pisco.

2021-2023

46.3 %



Datasets and sources available
The information used in the construction of the SWAT
model came from different national and international
organizations and is mostly freely accessible
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Input Data for the construction of the SWAT Model



Main input data to set up the SWAT Model
Sub-basin boundaries

1. Nine Sub-basin were delineated at 1:100 000 with Pfafstetter method
which is official in Peru was used.

2. Digital elevation model (DEM) NASADEM was used.
3. The LULC map was taken from the MINAM national map of vegetation

cover and from the GlobeLand30, which has a spatial resolution of 30
meters. Both sources were combined and improved.

4. The soil information was taken from the FAO/UNESCO world soil
database. Despite its coarse scale 1: 5,000,000, shows a greater number
of soil categories (08) than Peruvian soil map.

5. We collect the information of measure stream flow, capacity of dams and
discharge and wastewater discharges also. This information is will use in
the calibration.

Hydrometric
station



Model Set Up 
• We use ArcSWAT version 2012 in ArcGIS 10.7
• We delineated 21 subbasin, initially we had 9 subbasin,

but we included the flow gage subbasin and the dam´s
subasins.

• 459 HRU by using multiples HRUs LandUse/Soil/Slope
option.

• 36 year was used to run the model

Simulation Periods:
• Warm up period: January 1st, 1981 to December 31st, 1983 (3

years)
• Calibration: January 1st, 1984 to December 31st, 2005 (22 years)
• Validation: January 1st, 2006 to December 31st, 2016 (11 years)

Observed Data:
• Stream flow: Daily observed data from January 1st 1981 to

December 31st, 2016 at Letrayoc station



Results of Calibration and Validation 

Model stage Statistical indices
NSE R2 RSR PBIAS

Calibration (1984-2005) 0.82 0.83 0.41 0.3

Validation (2006-2016) 0.81 0.82 0.44 7.0

• Monthly mean flows observed and simulated with the
SWAT model after the calibration and validation at
Letrayoc station.



Aplicación en la UH Pisco-Cabecera

A
From 3.4 m3/s to 24.19 m3/s

Incachaque subbasin

A

Flow discharge



Ecohydrological Threats Index
IAEH

PEEH

EHTI

SWAT
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Determination of ecological flow – UH Incachaque

Flow duration curve - Incachaque Reference flow duration curve and 
scenarios- Incachaque

Location of the Incachaque UH and flow duration curve, reference and for each of the four possible
ecohydrological management classes (CMEH).

Location of Incachaque subbasin

Qmedio histórico= 3.46 m3/s 

Reference flow duration curve - Incachaque



Ecological flows determined for the Incachaque subbasin under the four scenarios considered in the
method applied. In blue the most appropriate class (Class A)

Nota: PHN= Producción hídrica natural, CE= Caudal ecológico; DHSM= Disponibilidad hídrica superficial media.

Values of ecological flow by CMEH Monthly hydrograph of ecological flow by CMEH

Water avalaibility in the Incachaque subbasin

Environmental Flow scenarios in the 
Incachaque subbasin
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Welcome to Lima and have a 
nice trip to Macchu Picchu!

Thank you
Gracias
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