
▶ Mid-century climate aridification could further increase olive water 
demand and decrease the basin’s soil moisture, surface/ground flows, and 
aquifer recharge.

▶ Feasibility of SRB olive area expansion depends on the integration of 
reservoir operations and AMPP water allocation plans in SWAT+.

▶ U.S.-developed open science can help improve the climate resilience of 
Mediterranean olive production.

▶ Iberian Peninsula produces 65% of the 
world’s olive oil, and 90% of Portuguese olive 
production comes from southern regions.

▶ SRB olive production has continuously 
increased in the last 20 years (+2.5%/decade 
of the basin’s total area).

▶ SRB crop water supply already affected by 
current climate aridification.

▶ U.S. is the world’s largest olive oil importer.

Olive grove area expansion under drying climate: 
a CMIP6–SWAT+ basin-scale water balance and 
demand assessment (Sado River Basin, Portugal)

André M. Claro
andreclaro@utad.pt

Supervisor(s): João A. Santos1,2, André Fonseca2, Helder Fraga2

1. Centre for the Research and Technology of Agro-Environmental and Biological Sciences 
(CITAB), Universidade de Trás-os-Montes e Alto Douro (UTAD), Vila Real, Portugal

2. Institute for Innovation, Capacity Building and Sustainability of Agrifood Production 
(Inov4Agro), Vila Real, Portugal

under the Doctoral Grant 
PRT/BD/154652/2023

Climate Science + Climate Change

Funded by:

André M. Claro is supported by the MIT Portugal Program and FCT – Portuguese Foundation for Science and Technology through grant PRT/BD/154652/2023 (https://doi.org/10.54499/PRT/BD/154652/2023).
CITAB and Inov4Agro are supported by FCT and European Union - NextGenerationEU through projects UID/04033/2025 (https://doi.org/10.54499/UID/04033/2025), LA/P/0126/2020 (https://doi.org/10.54499/LA/P/0126/2020), UID/PRR/04033/2025
(https://doi.org/10.54499/UID/PRR/04033/2025), and UID/PRR2/04033/2025 (https://doi.org/10.54499/UID/PRR2/04033/2025).

▶ Floodplains
▶ No reservoirs

Final
Simulations

▶ Topography
▶ Channels
▶ Streams

Model Calibration & Validation

Watershed
Delineation

HRU
Delineation

Irrigation
Schedules

Parameter Sensitivity 
Analysis

Model performance 
evaluated with NSE, KGE, 

R2, RPearson, PBIAS

SWAT+ Toolbox▶ 2 hydrometric stations covering upstream SRB

▶ Calibrated for higher (1962–1971) flow rates (FR)

▶ Validated for lower (1981–1990) flow rates
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▶ 91 Subbasins
▶ 910 Channels
▶ LULC data (COS2018)
▶ Soil data (HWSD)

▶Olives: Drip (2 mm)
▶Temporary Crops: Sprinkler (25 mm)
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Results

Goal
Estimate the basin’s future water balance and olive 

irrigation demand under climate change (F1) and olive 
grove area expansion (F2) scenarios 

F2 scenario considers a +106% olive area increase (+7% of 
SRB total area) under an SSP5-8.5 future climate

Figure. Location of the Sado River Basin (SRB) in Portugal (a). The SRB 
topography, water channels, and other key elements are presented in (b).

The reference and expanded olive areas are also presented in (b).

Figure. 
GCM-ensemble 
median of the 
30-year mean 

maximum 
temperature

(TX, (a,d)), 
minimum 

temperature
(TN, (b,e)),

and annual 
precipitation

(RR, (c,f)) during 
the 1981–2010 (1st

column) period, 
and the 

respective
2041–2070 

changes under 
SSP5-8.5

(2nd column).

Figure. 30-year and GCM-ensemble mean SRB water balance (mm) under the combined 1981–2010 climate and 
reference olive grove area scenario (H), and its relative changes under the combined 2041–2070 climate and reference 

olive grove area scenario (F1), and the combined 2041–2070 climate and expanded olive grove area scenario (F2).
30-year GCM-ensemble mean water balance ratios are also presented (top right table). 

Figure. Inter-GCM and inter-annual mean total-volume irrigation (a, hm3) and annual irrigation variability (b, m3/ha) of the 
SRB olive groves under the combined reference climate and olive grove area scenario (H), the combined 2041–2070 

climate and reference olive grove area scenario (F1), and the combined 2041–2070 climate and expanded olive grove area 
scenario (F2). Black crosses indicate the mean value, and the percentage values indicate the relative changes.
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+24%
+34%
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341 m3/ha
+6%
+12%
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+8%
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V = volume (m3)
A = Olive area (ha) 

d = dotation 
(m3/ha)
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