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SEF (Stakeholder Engagement Facility)

We engage with a wide range of stakeholder communities to 
understand how EO data and services can help address their real 

needs, and to provide practical support for uptake.

tools/services users

outreach, training, capacity building

feedback, needs, requirements

ABOUT US



Survey



Why Monitor Agriculture From space?

Large and disperse Areas
Agricultural landscapes cover vast 

territories and cannot be monitored 
continuously from the ground

Constant Change
Crops, vegetation, water availability, 
and management practices change 

throughout seasons and years

Increasing Environmental Pressure
Droughts, heatwaves, water scarcity, land 

degradation, and extreme events increasingly 
affect agricultural systems

Growing information needs
Farmers, researchers, governments, and 
policy makers need timely and consistent 

information to support decisions

Earth Observation provides repeated observations of agricultural landscapes 
across large areas and over time.
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Introduction to EO



Earth Observation

• Earth Observation is the  process of 
monitoring the Earth's surface and 
atmosphere using remote sensing 
technologies.

• Satellites explore Earth Surface, ensuring a 
continuous monitoring with repeated 
observations over time

• Long time series of data available
Optical satellites measure reflected solar 

radiation 



The electromagnetic spectrum

Sensors can “see” different parts of the 
electromagnetic spectrum and measure 

how light is reflected at different 
wavelengths.

The different portions of 
the spectrum that can be 
measured by a sensor 
are called bands.

Different materials 
reflect and absorb 
different 
wavelengths of
electromagnetic 
radiation, and have a 
different spectral 
signature 



Composites



Composites



Composites
False Color Infrared (NIR, Red, Green)



Composites
Agriculture (SWIR-1, NIR, Blue)



Pixels
170 238 80 255

45 0 243 150

110 136 119 211

60 89 127 70

The value of a pixel is a digital 
number representing the 
reflectance measured by the 
sensor and rescaled at 8 or 16 
bit.
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Spatial Resolution: physical ground 
area covered by a single pixel
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Pixels Properties
Spatial Resolution: physical ground 
area covered by a single pixel

m

days

Temporal Resolution: revisit time 
required for a satellite to record 
the exact same pixel location on 
Earth

Spectral Resolution: The number 
and width of electromagnetic 
wavelength bands (e.g., visible 
light, infrared) recorded by the 
sensor

N

8 bit (0-255)

16 bit (0-65535)

Radiometric Resolution: bit-
depth of the pixel, determining 
the sensor's ability to 
distinguish fine differences in 
energy (e.g., 8-bit or 16-bit)



Types of Data
Optical

• Measures sunlight reflected by the Earth's 
surface in visible, near-infrared, and short-
wave infrared bands

Radar

• Sends microwave pulses toward the Earth's 
surface and measures the returned signal 
(backscatter), which is influenced by surface 
structure, roughness, and moisture



Satellite Missions



EO meets Agroecology



Agroecology

• Agroecology applies ecological 
principles to agriculture

• It aims to produce food while:
• Maintaining soil health
• Supporting biodiversity
• Reducing external inputs
• Improving climate resilience
• Enhancing ecosystem services



What information agroecologists need?

Crop Growth

Vegetation Health

Landscape Diversity

Water Availability
Water Stress

Cover Crops

Tillage practices
Crop Rotation



EO Indicators

• Metrics derived from EO data

• They translate raw geospatial data 
into actionable intelligence for 
tracking climate change, 
agricultural health, and urban 
development

• They help describe environmental 
conditions and changes over 
space and time



Vegetation Indices
• Vegetation indices are mathematical combinations of 

spectral reflectance values designed to enhance the signal 
of vegetation and estimate its biophysical and biochemical 
properties.

• Common vegetation indices:
• NDVI (Normalized Difference Vegetation Index): vegetation 

greenness and vigor
• EVI (Enhanced Vegetation Index): improved sensitivity in 

dense vegetation and reduced atmospheric and soil effects
• GNDVI (Green Normalized Difference Vegetation Index): 

sensitive to chlorophyll content and vegetation condition 
• SAVI (Soil-Adjusted Vegetation Index): vegetation monitoring 

in areas with exposed soil
• MCARI (Modified Chlorophyll Absorption Ratio Index): 

chlorophyll content
• Red-edge indices (e.g., NDRE, CIgreen): sensitive to 

chlorophyll content, canopy condition, and early vegetation 
stress



NDVI



Moisture Indices
• Moisture indices use differences in spectral reflectance, 

particularly in the NIR and SWIR regions, to provide 
information about vegetation water content and surface 
moisture conditions

• Common moisture indices:
• NDMI (Normalized Difference Moisture Index): vegetation 

water content and crop water status. 
• NDWI (Normalized Difference Water Index): several variants 

exist; some estimate vegetation water content (using NIR and 
SWIR), while others are designed to detect open water (using 
Green and NIR). 

• MSI (Moisture Stress Index): sensitive to vegetation moisture 
stress. 

• GVMI (Global Vegetation Moisture Index): designed to 
improve sensitivity across a wide range of vegetation 
densities.



NDMI
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Derivative Metrics



Time series

A single image shows today,
a time series shows how the field 

changes through the season

A time series can be used to track crop 
emergence, monitor growth stages, 
detect harvest dates, identify crop 

rotations and to compare seasons and 
years



EO alone is not enough

EO gives us millions of observations. The 
challenge is turning those observations into 
information such as:

• Which crop is present?

• Was the field irrigated?

• Did tillage occur?

• Is this season unusual?
MACHINE LEARNING EARTH OBSERVATION



Machine Learning



Machine Learning

• Machine Learning (ML) is a branch of 
Artificial Intelligence that enables 
computers to learn patterns from data 
and make predictions or decisions 
without being explicitly programmed for 
every task.

• Machine Learning can:
• recognize patterns 
• classify objects 
• detect anomalies 
• make predictions



AI, Machine Learning and Deep Learning

Artificial Intelligence is the 
broad field of developing 

computer systems capable of 
performing tasks associated 

with intelligent behavior, such 
as reasoning, perception, 

learning, and decision-making

A subset of AI where 
computers analyze large 
datasets to "learn" and 

improve at tasks 
without being explicitly 
programmed for them

A subset of machine 
learning that uses multi-
layered artificial neural 

networks to solve complex 
problems



Types of ML
SUPERVISED LEARNING UNSUPERVISED LEARNING

ML technique that uses labeled datasets to train models to identify 
the underlying patterns and relationships. 

Labeled Data
Labels

Tulip

Rose

Training Data

Algorithm Processing

Model Training
Trained Model

Input Raw Data

Tulip

Rose

Output

Main Algorithms:
▪ Random Forest
▪ Neural Networks
▪ Gradient Boosting
▪ k-Nearest Neighbors

Applications:
▪ Crop classification 
▪ Yield prediction 
▪ Irrigation detection

ML technique where algorithms analyze unlabeled datasets to 
discover hidden structures, patterns, or similarities without human 

intervention

Algorithm

Processing

Interpretation

Input Raw Data

Modelling

Output

Applications:
▪ Similar field behavior 
▪ Clustering vegetation 

dynamics 
▪ Detecting unusual fields 

Main Algorithms:
▪ K-means clustering
▪ Hierarchical clustering
▪ DBSCAN
▪ Principal Component 

Analysis (PCA)



Typical EO + ML workflow



Applications



Crop classification



Monitoring Agricultural Practices



Yield Estimation & Anomaly Detection



Strengths & Limitations



Strengths



Limitations



Related Projects and Data



Data available
https://explorer.sef-foodsystems.apex.esa.int/

ECOSYSTEM

FOOD 
SYSTEMS

https://explorer.sef-foodsystems.apex.esa.int/
https://explorer.sef-foodsystems.apex.esa.int/
https://explorer.sef-foodsystems.apex.esa.int/
https://explorer.sef-foodsystems.apex.esa.int/
https://explorer.sef-foodsystems.apex.esa.int/


Projects

EO-based monitoring of agricultural eco-
schemes under the Common Agricultural Policy 

(crop rotation, cover crops, grasslands, 
irrigation, carbon stock)

Global soil information platform supporting soil 
health, carbon monitoring and sustainable land 

management.

Global 10 m crop type, cropland and irrigation 
mapping using Sentinel data and machine 

learning.

EO workflows supporting National Statistical 
Offices with agricultural statistics derived from 

Sentinel missions

EO services supporting sustainable agricultural 
commodity supply chains, traceability and 

environmental monitoring



Projects
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Projects



Discussion



Key Takeaways

• EO enables regular monitoring of agricultural systems. 

• Time series reveal seasonal dynamics. 

• ML transforms satellite measurements into actionable 
information. 

• EO and ML complement, rather than replace, field 
observations. 

• Understanding the limitations is essential for responsible 
use.



Discussion

• What are the biggest monitoring challenges in your work? 

• Which agroecological indicators would be most useful? 

• What information is still missing from current EO products? 

• How could EO better support sustainable agriculture in your 
context?



THANK YOU! 

Questions? 
esa-sef@evenflow.eu

LEARN MORE
Case studies, recordings, updates, 
resources, geospatial explorer…
sef.apex.esa.int → Ecosystems & Biodiversity
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