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DIGITAL TWINS AND REMOTE SENSING FOR
MANAGING DROUGHT IN CATALONIA

Joaquim Bellvert, Jaume Casadesus, Magi Pamies-Sans Joan Girona, Jaume Si6
Efficient Use of Water in Agriculture Program. Institute of Agrifood Research and Technology (IRTA)| Spain
General secretary of the Departament of Agriculture, Livestook, Fisheries and Food in Catalonia

Having reliable, near real-time information on
crop water requirements and the expected impacts
of water restrictions allows us to make better-
informed decisions, optimize water allocation, and
increase theresilience of irrigated agriculture
during drought periods.

Jaume Sio,
Department of Agriculture, Livestock, Fisheries and Food
(DARPA), Government of Catalonia

=

\/ Droughtin Catalonia|Canva

Thedroughtin Catalonia during 2023 and 2024 reached critical levels, prompting urgent measures to conserve water resources.
Restrictions on water use were implemented, including in the agricultural sector. In response, we developed a suite of digital
solutions utilizing digital twins and remote sensing. These tools proved highly effective in mitigating the drought’simpacts and
provided valuable support to water agencies, irrigation district managers, and government authorities in making informed
decisions to ensure the resilience of the agricultural sector.
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THE CHALLENGE

In Mediterranean regions like Catalonia, climate change is causing reduced precipitation, more frequent droughts, and prolonged water
scarcity. As reservoir levels drop, irrigated areas often impose water restrictions to improve efficiency and protect crops. To address these
challenges, water agencies and irrigation managers need solutions to answer critical questions:

o Whatarethewater demands of anirrigation district until the end of the growing season?

« Ifwaterisinsufficient, how should it be distributed across space and time?

 (Cancropwater stress be monitored in real-time with remote sensing to guide water allocation?

o Whatistheimpact of varying water restrictions on crop productivity under different climatic scenarios?

o Whatisthe minimumwater needed to ensure crop survival?

Digial twin to support water management_. .Irﬂ,arﬂ%

THE SPACE SOLUTIONS

Four satellite-based solutions were deployed in Catalonia to help mitigate
the effects of water scarcity inirrigated agriculture:

e Real-time ET and stress monitoring: Crop evapotranspiration (ET) and
water stress were monitored at a 20-meter resolution in near real-
time using surface energy balance models fed by satellite and
airborne remote sensing. This work builds on advances from the
Sentinels for Evapotranspiration project (www.esa-sendet.org).

« Early-season crop type mapping: A methodology was developed that
integrates satellite time-series with deep learning algorithms to
generate early-season crop type maps. These maps are key inputs for
digital twin models and help estimate crop water requirements.

« Digital twin decision support system: A decision support systemwas ¥ Project Dashbord|Screenshot
created based on the digital twin paradigm. It integrates diverse data
sources-including satellite imagery and meteorological data with
real-time crop simulations to forecast water demands throughout
the growing season under varying land use and weather conditions.

o Water restriction impact simulations: Simulations were run to
evaluate how different levels of water allocation restrictions affect
crop productivity, differentiating by irrigation district and crop type.

These were informed by remote sensing-derived ET data and FAO-56
crop water response functions.
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THE BENEFITS AND THE BENEFICIARIES
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Water is essential for agriculture, which accounts for 72% of global
freshwater withdrawals. FAO projections indicate that by 2050
agricultural production must increase by nearly 50% compared to 2012
levels to meet global demand. Achieving this target requires major
improvements in water management efficiency. In this context,
implementing the proposed tool across irrigation districts would
generatesignificant benefits at multiple levels.

At farm level, it helps to anticipate the effects of water restrictions on
yields, support crop and irrigation decisions, reduce economic
uncertainty during drought, and improve water productivity (kg/m?).

At irrigation district level, it enable managers to test alternative
allocation strategies before implementation, quantify production
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EU Water Framework Directive PublicService

losses under different restriction scenarios, and promote fairer and
more transparent water distribution, strengthening drought
resilience.

At regional level, it supports the economic sustainability of highly
agricultural areas such as Lleida (100,000 ha), enhance food security
under limited water availability, and improve environmental
sustainability.

Technically, the tool would provide real-time data on crop water
requirements and stress, updated crop maps, and yield simulations,
supporting irrigation districts and water authorities in proactive,
data-driven drought management.

0 40

Information about how much
water is needed in each district to
guarantee crop survival,and how
todistributeit
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Individual farmers and
societyin general
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A FUTURE WITH COPERNICUS

Thesolutionsimplemented rely onvarious Copernicus-based products. For example, we used Sentinel-2 and
Sentinel-3 data, along with meteorological information from ERA-5. Looking ahead, the future of Copernicus
presents exciting opportunities and challenges. Monitoring crop evapotranspiration is crucial forimproving
agricultural water management, which requires high-resolution land surface temperature (LST) imagery. The
upcoming launch of ESA's new LSTM mission will therefore be a significant advancement. Additionally, it would
be beneficial to develop a global, open-access ET product.

DID YOU KNOW?

Crop evapotranspiration and water stress maps in near real-time at 20 m resolution.
Also, biophysical variables of vegetation from Sentinel-2 at 20 m, used as input of water balance model.
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