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Potentiality of DIGITAL TWINS representing the Soil-Plant-Atmosphere 
Continuum as a tool for automatically scheduling irrigation and 
forecast seasonal crop's water demand at irrigation district level



Precision Irrigation

Growers
• How much water crops need

• When to be applied

• Where (in what irrigation sector)

• How much water I have available now

• How much water I will have available
throughout the growing season

• How much is crop’s water demand now

• What is the potential crop water
demand throughout the growing
season

Irrigation District Managers

Water demand
forecast

Key Figures



The problem to solve:

• Irrigation requirements vary with time and between sites

• Efficient irrigation requires kowledge and dedication

• Partial solutions exist but better integration is required

automated

Precision
Irrigation



Need for a more complete model:
• complementary to ET
• vision of the whole irrigation season
• ability to interprete and forecast
• Knowledge about crop’s wáter 

response to stress

Remote sensing for ET

• Only sometimes
• Not the right solution if:

o Limited water allocation
o Concerns on fruit quality/excess crop vigor
o Issues of spatial variability

Low High

Then, let’s the plants ask for water?



www.irridesk.com

Digital twin

Sensor data prescriptions
Site-specific, online 

prescription of irrigation

Automated daily loop

API API

API
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Digital twin

www.irridesk.com





Crop Soil Irrigation System

Agronomical Scenario

User tasks: 1 of 4. Describe the Agronomical Scenario



Water meters Soil sensors Weather sensors
Sensors

User tasks: 2 of 4. Configure devices and sensors



Seasonal Plan
Expected irrigation accumulated
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User tasks: 3 of 4. Plan the irrigation season



Seasonal Plan
Expected irrigation accumulated
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User tasks: 3 of 4. Plan the irrigation season

Adoption of RDI strategies



User tasks: 4 of 4. Supervise periodically the absence of anomalies
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Divisió Nord

Magines
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Case study (vineyard):
- To select ‘Smart points’ to install sensors



Kit of sensoring

Points at  DIVISIO NORD, DIVISIO SUD & MAGINES: Datalogger ZentraCloud (x4):
 - 3 TEROS-10 a 30 cm
 - 1 Water meter Zenner
 - 2 Thermal Infrared sensors (IRT)

25cm 50cm

30cm

100cm
IRT

Water meter

Sensors TEROS-10
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Divisió Nord

Divisió Sud

Magines

Sentinel-2



Divisió Nord

Divisió Sud

Magines



www.esa-sen4et.org

ETdaily_23/07ETdaily_30/05 ETdaily_24/08
ETdaily_02/10

Monitoring ETa with TSEBS2+S3
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RMSE=1.16 mm
Bias =0.61 mm

Divisió Nord

Divisió Sud

RMSE=1.01 mm
Bias =0.31 mm

Magines

RMSE=1.07 mm
Bias =0.39 mm



Crop 
SimulationsGIS

Maps, and time-
series for each 

field

Weekly update

meteo

Crop development

Daily updateValidations & 
Annual 

adjustments

• Current Water Demand
• Historical until yesterday
• Projection til the end of the growing season

Water demand
forecast

Simulations of crop water 
balance dynamics in real-time 



Land use 
maps

DUN2015

DUN2016

DUN2017

DUN2018

DUN2019

DUN2020

DUN2021

Agronomic 
scenarios

Reference data of crop, soil, 
irrigation System, etc ...

Fields

Topography, soil maps, 
etc.

25000
Digital twins

Daily

5 days

ET cumulated = 220 mm

ET actual = 5.2 mm/dia

ET projected = 450 mm 

CWSI = 0.6

LAI = 2.5 m2 / m2 

Already Observed

Previsible 
fork
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SEN-ET -> Crop’s Water Use & demand by irrigation districts (Lleida, Spain)
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Seasonal pattern of ET by irrigation district
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Framework



Field Campaign - Distribution of Fields



Actual daily ET
With GAPS

Daily Reference ETo:
ECMWF ERA-5 

reanalysis dataset
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Water Stress 

coefficient

Time-series

Kc

Crop 

coefficient

Time-series

Linear 
Interpolation of 

missing days

Linear 
Interpolation of 

missing days

Daily actual 

ET

Filled

Input ETact



Results III



2018 2019 2020

SIGPAC

Results IV





www.irta.cat

Thank you very much!

E-mail: joaquim.bellvert@irta.cat
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