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The Amazon is the world's largest 
rainforest, covering 
approximately 6.7 million 
km² across parts of nine countries. 

The World Wildlife Fund (WWF)

https://www.cfr.org/amazon-
deforestation/#/en

In the last fifty years, Brazil’s 
Amazon has lost about a fifth of 
its forest cover—almost 300,000 
square miles (777,000 km2). This 
includes at least 5,110 square 
miles (13,235 km2) lost in 2021. 

      Council on Foreign Relations (CFR)
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During the period of 2001 a 2020 forest area decreased by 53,471 
km² (3.91 %). This corresponds to a deforestation rate of 2670 
km² per year

Context Madeira river basin – Land use change



Results Changes in hydrological fluxes

*

*

*

Changes at pixel-scale 

Paper: Torres, E. et al. (2025). Hydrological fluxes and 
deforestation in the Madeira River basin. J. Hydrol.: Regional 

Studies. https://doi.org/10.1016/j.ejrh.2025.102680



Land use update with transfer state variables (hot 
start)

Land use update with warm-up (overlap)

Land use change using scenario decision tables
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Motivation

Objective: Apply a dynamic land-use representation in 
SWAT+ to analyse the impacts of deforestation on the 

basin hydrology

PhD project overview

Land use

t

weather input

Limitation to reflect the gradual shifts in catchment 

characteristics and hydrological behaviour.

Time varying input over the 

simulation period

Possible solutions:



Methods

Period-specific HRUs definition that reflect observed 
changes in LULC 

Variable Source
Spatial/temporal 

resolution

Land Cover MODIS
500m/ Yearly 
(2001-2020)

Precipitation CHIRPS v2.0
0.25/Daily

(2000 – 2022)

Temperature ERA5-land
0.1/ Daily

(2000 – 2022)

Streamflow

5 Streamflow stations
SO-HYBAM (Amazon basin water 

resources observation service)
CAMELS-BR v1.2 (Catchment 

Attributes and Meteorology for 
Large-Sample Studies – Brazil)

Daily (2000- 2021)

32 
subbasins
44 LSUs
33 Aquifers

2001 2012 2020

Simulation period: 2000-2021 



InputsPreliminary results Work-in-progress

Soil water initialization is constrained by soil 
available water capacity (AWC), limiting direct 
transfer of soil water states between model periods.



InputsPreliminary results Work-in-progress

Station
NSE R2 PBIAS

Static 
2001

Static 
2020

Dyn
Static 
2001

Static 
2020

Dyn
Static 
2001

Static 
2020

Dyn

Rurrenabaque 0.79 0.81 0.81 0.87 0.82 0.81 -7.61 5.58 1.34

Porto Velho 0.85 0.86 0.85 0.91 0.89 0.86 -14.06 9.84 4.04
Boca do 
Guariba 0.64 0.85 0.80 0.88 0.89 0.88 -38.18 -12.48 -18.51

Manicore 0.75 0.77 0.78 0.81 0.78 0.78 -14.33 6.62 3.26
Fazenda Vista 

Alegre 0.68 0.75 0.72 0.79 0.76 0.73 -19.51 1.62 -2.13



InputsPreliminary results Work-in-progress

Analysis of water balance components - 
LSU



InputsConclusion and next steps

It produces slightly lower percolation compared to the Static LU 2001 
configuration in the selected zone of analysis, reflecting a gradual 
reduction in infiltration in response to increasing deforestation

It shows a gradual decrease in surface runoff, beginning with 
behavior similar the LU 2001 and transitioning toward lower values 
as deforestation increases

It shows comparable or improved statistical performance (NSE, R², 
PBIAS) compared to the static configurations

The dynamic approach provides advantages in representing hydrological processes 
compared to static land-use configurations: 

Soil water initialization in SWAT+ is key to achieving model simulations 
with time-varying land use. We will further explore this approach
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