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SWAT as a decision support tool to regulate 
impacts of forestry on water quantity in 
Uruguay



From 1960 to 2019, almost a third of the global land surface (43 million km²) has changed due to 
human activities (HILDA+ dataset, Winkler et al. 2021)

Global land use/cover change areas from Winkler et. al 2021 in 1960–2019. 

New South Wales state in 
Australia (~800,000 km²) 
has changed yearly since 
1960.

Land use change impacts soil, biodiversity, water and climate
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The effect of forestry coverage in streamflow at catchment 
level: it is not that simple

• Scaling up from small-scale experiments is 
problematic (soil, slope, climate, land use).

• How can we advise decisions in land use 
change for afforestation allocation in large 
catchments?

Overview of global data analysis from Zhang et al., 2017 
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Large catchments (>1000 km2)

Small catchments (<1000 km2)

(Jones et al., 2017, Bosch & Hewlett, 1982; Costa et al., 2003; Scanlon et al., 2007) 
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• Small -> Pair Catchment Experiments (PCE) 
area the leading approach to collecting high-
quality data for land use change.



A decision support tool to regulate impacts of forestry on water 
quantity

• The National Forest map 2024 shows that forest use 
in Uruguay reaches 6.6% of the territory, with a 6.9% 
increase compared to 2021 (MA,2024).

• Tacuarembó River Catchment (TRC) in Uruguay, 
South America has the highest percentage of 
plantation area of the country.

% Area under forest 
plantation in 2024

Pair Catchment
Experiment
(20 years)
(<0.15 km²)

22%  - TRC
(6227 km²)

80 km
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Forestry =



• Similar to many other countries, current 
regulations apply a single allowed maximum 
fractional area of forestry, ignoring key 
landscape and climate variation. 

• Management decisions allow 60% area for each 
sub catchment level 5 (Decree No. 405/02, 
December, 2021)

• Can we use SWAT to advise catchment 
management regulations in the
Tacuarembó River Catchment?

TRC
(6227 km²)

A decision support tool to regulate impacts of forestry 
on water quantity
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Objective

– To demonstrate how SWAT can provide more support to decision 
makers, identifying impacts on the whole flow duration curve and 
reflecting key landscape and climate.

– In particular, the tool should identify the spatial and temporal variation 
in the impact of forestry development
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Experimental design

Scaling of calibrated parameter ranges for LAI 
and ET from La Corona PCE, Pinus taeda
plantation vs natural grasslands 2003-2020  

SWAT 2012

Monthly timestep
• Streamflow (cms)
• Observed ET (mm) from

MODIS (MOD16A2GF.061)
Validation (2016-2020)

60 sensitive parameters (LAI,ET,Flow)

Step-wise calibration with PCE prior 
information (2002-2015)  

SUFI-2 (Abbaspour 2015) in R

Step 1 – ET calibration in 41 subbasins, 
OF=mean(KGEET)

(3 iterations, 1500 runs)

Step 2 – Flow calibration at outlet (Sub 41), 
OF=(KGEFlow)

(2 iterations, 1000 runs)

LUSE/soil maps
INIA climatological + 
11 rainfall stations

LUSE change scenarios (2003-2020)
Natural grasslads -> plantation
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https://github.com/enervifa/SUFI2_R

https://github.com/enervifa/SUFI2_R


Experimental design: potential plantation areas

Baseiline Scenarios
ESC  =                     ESC =

Forestry LULC change map
(2004,2015,2018,2021)
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Forestry priority areas
(Decree No. 405/02)



Dynamic land use change in mgt tables for QSWAT 2012

LUSE codes
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A. Loop .mgt files of each 
HRU and sample new 
management 

1.Random selection:
• target years for 

planting  
• target agriculture 

management 
(AG1,AG2,AG3)

2.Update schedule + 
adjust BIO_INIT 

B. Loop to shift planting 
dates and plant cover % 

4.Adjust % tree species 
representation using 
baseline map

3.Change IGRO 
condition, update 
schedule + adjust 
BIO_INIT 

1. Randomly select 
initial plantation years 
(0,5, 10, 8, 11) 
2. .Shift planting 
operations accordingly 
in 25 years rotation

Pinus taeda
Eucalyptus grandis
Eucalyptus globulus



Scenarios A1-A10
25%, 50%, 100% Scenario land use HRUs

from pasture to pine
 from pasture to eucalyptus

Experimental design:
> afforestation scenarios
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• Streamflow gave only slightly reduced 
performance in the prediction of streamflow at 
the outlet

• The model performance for ET was not as good 
as for streamflow

Calibration and validation
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• Model simulations across the parameter 
distribution indicate high variability
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Forest expansion scenario 
simulations in the TRC

100 simulations



• Upper catchments are more sensitive to 
water yield changes due to afforestation

• Effect of catchment features (Cornish and 
Vartessy, 2001)
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Best simulationForest expansion scenario 
simulation in the TRC



Forest expansion scenario 
simulation in the TRC
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• Rainfall variability consistently masks 
many other changes in the catchment.

• In drier conditions, runoff is more 
sensitive to the increase in forest area 
(Zhang et al. 2001)

• Climate in Uruguay is strongly 
influenced by ENSO events (De Vera 
and Terra (2018), Baethgen (2010).
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How could forest change 
flow quantiles?



Key points to take home

• The impact of forestry on streamflow varies significantly (location, features). Still, the main 
variable affecting water availability and the level of year-to-year afforestation impact is rainfall.

• If the simulations aim to develop relevant landscape level scenarios, then this has to come with 
the recognition that landuse activities are not static and interact with climate.

• Policies should include room for adjustment to consider uncertainties if new evidence emerges.

• Using a single threshold for evaluating forestry impact may lead to an underestimation of the 
true environmental impact in some areas and a loss of opportunity for sustainable forestry 
development. 
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Forest expansion scenario 
simulation in the TRC

• Conversion of the total potential area in 
the TRC to forest resulted in a mean 
change in monthly flow of 28%
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Limitations and policy implications from SWAT scenarios
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• Future changes in climate, landuse or forest operations can change these results.

• Policies should include room for adjustment to consider uncertainties if new evidence emerges.

• Despite the efforts to capture the vegetation-water interactions in the model more work is 
needed to refine plant parameters (ET underprediction in small sub-catchments with mixed 
land uses). 



• Different planting and clearing dates for the 25 year rotations on forestry-priority soils
• Representation of the change of forestry area 2004-2024 in the baseline

HRUs simulated biomass 
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Pinus taeda Eucalyptus grandis Eucalyptus globulus Other eucalyptus



How could forest expansion affect 
flow quantiles?
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• A change from Q60 to Q50 in a 
catchment can result in lower low 
flows at Q75 or Q90 during dry 
years. 





Land use maps



Soil map



Change in forested area 
2004-2024

Pine biomass growth and LC data 
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