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• Uruguayan economy mainly depends on livestock farming and agriculture.

• Uruguayan population is 3.5M people ➔ food production for 30M.

• Anual Rainfall: 1200 mm. High variability (range 740 – 1900mm)

• Rice ➔ main irrigated crop (>90% of water). 

• Irrigation: Mainly surface water sources.

• Developing ➔ Soybean, Maize and Pastures 

- Surface Irrigation: Northern and Eastern Region (> Water Avail., < Slopes)

- Sprinklet Irrigation: Western and Southern Region

1. Conceptual Framework



• Climate change and variability➔ planning of water resources associated with human activities.

• Uruguay aims to balance productive development and environmental protection (environmental 
flow maintenance, water quality monitoring, ecosystem conservation).

• Research demands:

- Evaluation of current irrigation reservoir operations. 

- Survey of currently disused reservoirs with available water. 

- Reliable information at basin level for the construction of new reservoirs.

- Limited water quantity and quality monitoring networks, specially in small basins.

1. Conceptual Framework
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Satellite remote sensing and SWAT modeling provide complementary tools to 
overcome data scarcity and improve water resources monitoring and management.



2. Research Objectives

• Develop a scalable, remote sensing-based methodology to estimate water 
storage volumes across multiple reservoirs, improving SWAT model 
calibration.

• Derive long-term time series of reservoir water storage in the Arapey River 
Basin using Landsat/Sentinel satellite imagery.

• Assimilate satellite-derived reservoir storage volumes into SWAT model to 
enhance hydrological simulation accuracy.
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3. Matherials and Methods 
Study Site: Arapey Basin

• North Region of Uruguay (Salto – Artigas Departments)

• Área: 11.800 km2

• 36 Sub Basins (120 – 6000 ha)

• 49 Reservoirs (3 – 355 ha Surface, 0.01 to 11.3 hm3 Volume)

• Average Slope 3.42% (1.44 – 7.19%)

• Irrigates 10.000 – 20.000 ha of rice crops anualy

• 2 Monitoring Stations
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3. Matherials and Methods 
Satellite specifications

Characteristic Sentinel-2 (A - B)

Program Copernicus (ESA - European Union)

Revisit period 5 days (with both satellites in orbit)

Spatial Resolution 10m (RGB, NIR), 20m (Red Edge, SWIR), 60m (Atmospheric)

Bands 13 bands (Visible, NIR, Red Edge, and SWIR)

Operation Measurement of solar reflectance

Index NDWI = (Green - NIR) / (Green + NIR) (McFeeters, 1996)
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3. Materials and Methods  
Satellite reservoir volume estimation

Sentinel Collection 2016 to 2025

12 Years Reservoirs Surface Time Series
Statistical Indicators (P95, CV%, SD)

Web Map 

80% of Valid Pixels (Cloud and shadows over AOI)

Water Mask – Water Surface Measurement

Automatic NDWI Otsu Treshold

NDWI Index Calculation
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3. Materials and Methods 
SWAT data assimilation

𝑉 = 𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙 + 𝑉𝑓𝑙𝑜𝑤𝑖𝑛 − 𝑉𝑓𝑙𝑜𝑤𝑜𝑢𝑡 + 𝑉𝑝𝑐𝑝 − 𝑉𝑒𝑣𝑎𝑝 − 𝑉𝑠𝑒𝑒𝑝



Results – Part 1

Satellite reservoir volume estimation



Preliminary Results
Satellite data Validation – RES03 - Water Indexes

• Grafico Tres Marias Sim vs observado

• STemporal

12 years validation
High r2

Small: Bias, RMSE and MAE



Results
Standarized variability of Reservoirs – Satellite Data 



Results
Standarized variability of Reservoirs – Satellite Data



Preliminary Results – Part 2
SWAT data assimilation



Evaluating Water Stress Index Sensitivity (RES03)  



Evaluating Water Stress Index Sensitivity (RES03)  



Emergency – Principal Spillway evaluation
(RES03, over_prin and over_emergency param.)
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5. Summary

• A robust, remote sensing-based methodology was developed to 
quantify water storage in ungauged reservoirs.

• Sentinel imagery was used to derive long-term storage time series 
for the Arapey River Basin allowing multi-decadal analysis.

• Assimilation of remote sensing long-term datasets, enables 
significant improvements in SWAT model calibration.
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6. Next Steps

• Expansion Modeling: Simulation of increased irrigation areas to 
assess basin-wide water demand and potential hydrologic 
impacts.

• Crop Water Stress Analysis: Detailed evaluation of crop cycles, 
irrigation layers, and critical growth periods to mitigate water 
stress.

• Irrigation Efficiency Assessment: Investigation of different 
irrigation systems to identify improvements in water use 
efficiency.

• Rice Crop Development: Calibration and performance evaluation 
of novel specific rice crop modules within the SWAT framework.
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