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Выступающий
Заметки для презентации
The Union of Concerned Scientists (UCS) maintains a detailed satellite database, listing 7,560 operational satellites as of their latest update. This number includes satellites from a wide range of countries and organizations, with the United States having the largest share​ (The Union of Concerned Scientists)​. The majority of these satellites (84%) are in LEO due to the advantages of lower orbits for certain applications like communication and Earth observation​ (NanoAvionics)​.
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What can EO and Al do for us?

EO and Al jointly can help
us measure and monitor
key environmental, climatic,
and socio-economic
variables
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Such data when its rapidly
transformed into
Information and responses
are automatized, it can be
used for efficient decision
making, from high level
policy formulation to the
daily actions we take.
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Выступающий
Заметки для презентации
At FAO, we see that many countries—particularly in the CIS region—face challenges in collecting timely, disaggregated data for rural areas. EO bridges this gap by providing consistent spatial coverage across national and sub-national levels.
�For example, satellite-derived crop maps, land cover changes, and water body dynamics directly support SDG indicators under Goals 2, 6, 13, and 15.
�Our work with tools like SEPAL, Collect Earth, and MonitorEO shows that EO can serve as an official data source when properly validated and integrated with statistical workflows.


Mato Grosso — Brazil’s agricultural frontier
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Land change dynamics (2001-2017)

Environmental Benefits

« Deforestation Tracking

e Carbon Stock Assessment
» Biodiversity Conservation

Agricultural and Economic Benefits
* Enhanced Productivity

» Sustainable Land Management
 Market Competitiveness

Policy and Governance Benefits
* Informed Decision-Making
 Compliance and Enforcement
 Community Engagement


Выступающий
Заметки для презентации
Deforestation Tracking: Remote sensing technologies, such as NDVI from SPOT-Vegetation, enable the identification of deforestation patterns, allowing for timely interventions to curb illegal land clearing. ResearchGate+1Academia+1
Carbon Stock Assessment: Monitoring land use changes helps estimate soil organic carbon (SOC) stocks. While conversion from forests to croplands initially reduces SOC, sustainable practices can lead to carbon accrual over time. SpringerLink
Biodiversity Conservation: By identifying areas of ecological significance, monitoring supports the preservation of habitats and endemic species within the Amazon and Cerrado biomes.
🌾 Agricultural and Economic Benefits
Enhanced Productivity: Tracking crop growth and land use facilitates the adoption of practices like double cropping, which has increased in Mato Grosso, leading to higher yields without expanding farmland. ResearchGate
Sustainable Land Management: Data-driven insights support the implementation of integrated systems (e.g., crop-livestock-forest), promoting efficient resource use and long-term soil health. SpringerLink
Market Competitiveness: Monitoring ensures compliance with environmental standards, enhancing the marketability of agricultural products, especially in markets that value sustainability.
🛡️ Policy and Governance Benefits
Informed Decision-Making: Accurate land use data aids policymakers in crafting regulations that balance agricultural development with environmental conservation.
Compliance and Enforcement: Monitoring tools help enforce environmental laws by detecting unauthorized land use changes, thereby supporting legal frameworks like the Forest Code.
Community Engagement: Programs like CONSERV incentivize farmers to preserve forests by providing financia


Precision farming

Evapotranspiration * Optimize input use
%{' sensor on drone * Increase crop yields
Smart phone  Improve resource efficiency
T  Enhance sustainability

Decision support

e Monitor crop and soil health

 Enable data-driven decision-
making

e Support climate resilience

 Facilitate automation and labor
optimization

 Track and document
production.

* Increase profitability
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Выступающий
Заметки для презентации
Optimize input use: Apply fertilizers, water, pesticides, and seeds only where and when needed, reducing waste and costs.
Increase crop yields: Enhance productivity through site-specific management based on soil, crop, and climate data.
Improve resource efficiency: Maximize output per unit of land, water, energy, and labor.
Enhance sustainability: Reduce environmental impact by minimizing runoff, soil degradation, and over-application of chemicals.
Monitor crop and soil health: Use sensors, drones, and satellite data to detect early signs of stress, pests, or disease.
Enable data-driven decision-making: Support farm management with real-time data analytics and predictive models.
Support climate resilience: Adapt to weather variability and climate change by tailoring practices to micro-conditions.
Facilitate automation and labor optimization: Enable the use of smart machinery for planting, irrigation, and harvesting.
Track and document production: Improve traceability and compliance with quality or sustainability standards.
Increase profitability: Achieve better economic returns by aligning inputs and practices with actual field conditions.
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Sentinel-2

» QOperational since 2015
(A) and 2017 (B)
13 Bands
290 Km Swath
5 days revisit
Land cover mapping at 10
meters resolution

Vegetation monitoring at
20 meters resolution
mapping

Cloud detection at 60m
resolutions
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Выступающий
Заметки для презентации




"How Satellites “See” the Earth

A

60 Visible | Near- Mid-infrared
__ 50- Soil
X
5 40-
e Green
% 30- vegetation
L)
©
14

= DN
¢

Water

I I | | I | | | |
05 07 09 11 13 15 17 19 21 23 25
Wavelength (um)



Выступающий
Заметки для презентации
🔍 How Satellites “See” the Earth: Reflectance
☀️ 1. Sunlight is the Source. It emits solar radiation that travels to Earth's surface. This energy interacts with different surfaces like soil, water, vegetation, and urban areas.
🔁 2. Surfaces Reflect Light Differently. Each surface reflects sunlight in a unique way (called reflectance).Example: Water absorbs most sunlight (low reflectance).Vegetation reflects more in the near-infrared range. Built-up areas and bare soil have different reflection patterns.
🛰️ 3. Satellites Capture Reflected Light. Satellites have sensors that measure the amount of reflected radiation. This is done for different spectral bands (visible, infrared, etc.).The sensor captures this information as pixels.
🟦 4. What Is a Pixel?A pixel is the smallest unit in a satellite image.Each pixel has a Digital Number (DN) that represents the intensity of reflectance for each spectral band. Statistically, this DN is a quantitative value that can be analyzed, mapped, or classified.
🧠 5. From Light to Information By analyzing reflectance values across pixels, we canDistinguish between crops, forests, and cities.Estimate area, change over time, and even yield or biomass.📊 6. Why It Matters for Statistics Satellite data transforms radiation into structured, continuous, and unbiased data.Enables large-scale, repeatable, and timely monitoring for agriculture, land use, and environment.


Time series inform us on land use
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Выступающий
Заметки для презентации
The Union of Concerned Scientists (UCS) maintains a detailed satellite database, listing 7,560 operational satellites as of their latest update. This number includes satellites from a wide range of countries and organizations, with the United States having the largest share​ (The Union of Concerned Scientists)​. The majority of these satellites (84%) are in LEO due to the advantages of lower orbits for certain applications like communication and Earth observation​ (NanoAvionics)​.

As of 2024, there are more than 1,000 operational Earth observation (EO) satellite sensors in orbit around the world. These satellites are owned and operated by various governments, international organizations, and private companies. They are designed to collect data for a wide range of applications, including environmental monitoring, disaster management, agricultural analysis, land cover mapping, climate change studies, and more.
Here is a general breakdown of the operational Earth observation satellites:
Government and International Agencies:
NASA (U.S.), ESA (Europe), and other space agencies like ISRO (India), CNSA (China), and JAXA (Japan) operate multiple EO satellites.
Well-known missions include Landsat (NASA/USGS), Sentinel (ESA), Terra, Aqua, Suomi NPP, and the Copernicus program (Europe).
Commercial Operators:
Companies like Planet, Maxar Technologies (DigitalGlobe), BlackSky, and Satellogic also operate large satellite constellations, providing high-resolution imagery and data for commercial use.
International Collaboration:
Programs like Copernicus (operated by ESA on behalf of the European Union) contribute significantly to global EO capabilities.
These sensors vary in their technical specifications (spatial resolution, temporal revisit times, spectral bands, etc.) and are tailored for specific applications. The data collected from these satellites is crucial for Earth observation applications across multiple sectors.
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Выступающий
Заметки для презентации
 
En términos prácticos, ¿cómo utilizamos los datos de EO para producir productos que puedan utilizarse para las estadísticas?

Comencemos por un mapa de cobertura del suelo con el que todos estamos familiarizados. Vamos a acercarnos a la clase agrícola, que es una clase genérica de cobertura del suelo.

Como primera aplicación de datos de EO e inteligencia artificial (Redes Neuronales Convolucionales) podemos producir el mapa de límites de campo. Esto permite dos cosas principales. Vincular al agricultor con sus parcelas en un registro digital de agricultores, y permitir el análisis de cada parcela como una sola unidad de medida.

En segundo lugar, podemos utilizar series temporales de observación de la Tierra con cualquier modelo de aprendizaje automático, por ejemplo, un bosque aleatorio, para clasificar los tipos de cultivo dentro de cada campo de cultivo. Esto, a su vez, permite una estimación preliminar de la superficie por cultivo.

Por último, podemos combinar las Observaciones de la Tierra con un modelo de rendimiento de los cultivos, para predecir el rendimiento de los cultivos dentro de cada parcela. 

Toda esta información en conjunto se puede utilizar para monitorear las tendencias en el área cosechada, el rendimiento y la producción a lo largo del tiempo.




® Why Earth Observation & Al Are Crucial for Official

E® -Stat

Statistics

e Earth Observation enables consistent, scalable, and
disaggregated SDG monitoring where statistical data
are lacking.

« Al enhances the value of EO by automating analysis
and extracting actionable insights for decision-
makers.



Выступающий
Заметки для презентации
At FAO, we see that many countries—particularly in the CIS region—face challenges in collecting timely, disaggregated data for rural areas. EO bridges this gap by providing consistent spatial coverage across national and sub-national levels.
�For example, satellite-derived crop maps, land cover changes, and water body dynamics directly support SDG indicators under Goals 2, 6, 13, and 15.
�Our work with tools like SEPAL, Collect Earth, and MonitorEO shows that EO can serve as an official data source when properly validated and integrated with statistical workflows.
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=
USE CASES for EO and Al for agricultural statistics

Use of EO data in the area estimation to maximize the accuracy of statistics (i.e. low variance)
and/or to reduce cost (thanks to free data, "simple" methods)

Current sampling is often designed for the national level => use EO data to allow disaggregation o GRANULARITY
statistics in smaller administrative areas (province, county)

T Statistics are usually available after the end of the campaign and once a year => use EO data and
modelling to forecasts and provide seasonal estimates

Use EO data to support the construction of an area sampling frame (for land cover and environment
. . ) . : . : SAMPLING
related topics) and to find the optimal sample size and segment size. It optimizes the construction of DESIGN

EAS

QB:E'IATY Improve the quality of the database in the field (data collection protocol and quality
CONTROL control procedure)

SDG SDG 6 "Clean water and sanitation”

REPORTING and support to SDG 2 "Zero Hunger" -

B UCLouvain


Выступающий
Заметки для презентации
In this slide we highlight requirements from national statistical offices that define different use cases for Earth Observations


SDG 15.4.2 Mountain Green Cover Index E® -Stat

Mountain Green Cover Index: revised
metadata

15.4.2: Mountain Green Cover Index

Pietro Gennari, Chief Statistician, FAQ
Lorenzo De Simone, Senior EQ expert, FAQ

Dorian Navarro, Programme Advisor, FAD



https://hqfao.maps.arcgis.com/apps/MapJournal/index.html?appid=d5f2b3da13af487fb0f939bd32e66fe7




National Crop Mask and Crop Type Map - Zimbabwe
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Acreage estimate for main crops summer 2024 E® -Stat

Acreage (M ha)

Area estimation for Maize - Millets - Sorghum - Zimbabwe

1e6 Area estimation for maize - Zimbabwe L le6
B Area . B Area
2.5 1 3.0 “7
[ 1
2.0 1
|  Crop acreage estimates for 2024 (figures are congruent
2 according to AGRITEX)
. e Estimations have reduced variance (error)
o Estimations are geospatially explicit and can be
05- disaggregated at sub district level
0.0 L — Y — el
Inference from Regression estimator Inference from Regression estimator
statistical survey statistical survey
Method Method
COST . . . . . . .
EEFICIENC Improving design-based acreage estimators by reducing the standard error while providing
Y unbiased estimates => reducing the CoV without increasing the number of samples.
WA/ .
Y9 W UCLouvain




EO Integrated Farmer Regis

EOSTAT Farmer Registry System

Il for Mashonaland West Province by FAD
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Tajikistan — Assessment of active cropland
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Tajikistan — Crop Mask
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Figure 10-5. Cropland mask over Bokhtar area
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Выступающий
Заметки для презентации
The classification model is the random forest algorithm embedded in the Sen4Stat crop mapping processor. It was trained using the eight identified land-use classes, focusing on the cropping season from April to September. Results were aggregated into two main classes: crops and non-crops. The obtained binary cropland mask, at 10m resolution, is presented in Figure 10-5 and looks quite good. The structure of the landscape can be easily identified, and the parcels limits are visible. This good feeling is confirmed by the quantitative validation. Indeed, the overall classification accuracy of the cropland mask was 88%, with an F1-score of 89% for cropland and 87% for non-cropland 


Tajikistan — prototype for area frame

I Non-cropland
[ Croplana = psus [ psus
[ Bokhtar_area

Figure 10-6. Grid of PSUs over Bokhtar
qure arid of ‘ Figure 10-7. Selected PSUs over Bokhtar

Independent survey using an area frame Figure 10-8. Zoom over one selected PSU with SSUs

This scenario introduces an independent survey approach, utilizing a simplified area frame sampling design. The study area is divided into square grids, such as 500m x 500m
cells, with stratification based on the proportion of crops in each grid. Strata are categorized as low, medium, high, or very high, depending on the proportion of crop pixels
identified in a prior crop/non-crop map (with at least one crop pixel required for inclusion in the stratum).

Primary Sampling Units (PSUs) are selected randomly from the grid, with a minimum distance threshold to ensure spatial dispersion. The number of PSUs, ranging between

30 and 50, is allocated equally across strata.
Within each PSU, enumerators perform systematic sampling of Secondary Sampling Units (SSUs), collecting data from 25 points per PSU. This method aims to provide a

W/ UCLouvain B

statistically robust and representative sample of agricultural plots.



Выступающий
Заметки для презентации
To enhance crop classification and allow yield estimation, reference data collected in the field will be necessary. Indeed, crop type information is mandatory to generate a crop type map; and yield estimation at crop level is also required in order to support any yield estimation process based on EO data. In order to facilitate this step, different scenarios for a field survey were identified. Each scenario builds on existing practices or introduces new approaches to improve efficiency and accuracy in agricultural surveys. Those scenarios might need to be modified once the Area of Interest for its implementation is defined to take into account the local context. 


Scenario 1: Enhancement of the existing annual survey 
This scenario is built upon the current crop-cutting experiment framework. Enumerators are tasked with collecting geospatial data for each plot surveyed during the experiment. This involves taking GPS coordinate points for each crop-cutting plot. Alternatively, enumerators may record the perimeter of each plot using a GPS tracker, which provides more detailed spatial data but requires additional time and effort. In addition to spatial data, enumerators collect supplementary information, such as the irrigation mode employed for each plot. This scenario focuses on integrating geospatial and contextual data to enrich the existing survey framework. 
(b) Scenario 2: Expanded survey with additional points 

Scenario 2 extends the methodology of Scenario 1 by incorporating additional data collection in the vicinity of crop-cutting plots. Beyond collecting GPS coordinates and plot perimeters for the plots directly involved in the experiment, additional enumerators are deployed to record geospatial data for 15 to 20 nearby plots. Alternatively, they may map the perimeters of 5 to 10 nearby plots using a GPS tracker. This expanded approach provides a broader dataset, capturing spatial variation and heterogeneity in the landscape, while maintaining a manageable workload for field teams. 

Illustration of such a 500m x 500m grid over Bokhtar is provided in Figure 10-6, as well as a selection of PSUs for field visit (Figure 10-7) and the SSUs distribution within each PSU (Figure 10-8). 
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egister of Agricultural Producers - farmers (PPA

« Padron de Productores Agrarios (PPA) = L ™ b4 | ministerio _
« 2+ million farmers registered o = S SR
 Originated from the need to create a '

producer database for distributing subsidies
 Collects 38 strategic georeferenced
variables, providing a detailed economic,
social, and productive profile of farmers.

 The goal is to have 100& of producers
registered into the PPA, and at least 50% of
producers of cacao, coffee and palm ol with
their parcels being georeference using the
Farmer Digital Identify App



Выступающий
Заметки для презентации
The Padrón de Productores Agrarios (PPA) is a comprehensive database developed by the Peruvian Ministry of Agrarian Development and Irrigation (Minagri). It originated from a need to create a producer database for distributing bonusess and has grown to include information on over 2 million producers. The PPA collects 38 strategic georeferenced variables, providing a detailed economic, social, and productive profile of farmers.

Peru's PPA links digital identity to geospatially-referenced parcels. 
The app enables farmers to map plots and access services. 
EO data ensures real-time monitoring and compliance with EU deforestation rules, and supports alerts, subsidies, and credit eligibility.



ldentidad Digital del Productor Agrario

The Farmer Digital Identify App (IDPA)

Free mobile application managed by
MIDAGRI, available to any farmer
(producer) in the country

Farmer manages his digital identity
obtained through the PPA

Visualize and update information
about his parcels his agricultural
activity and his production

The app enables farmers to map plots
and access services.

EO data ensures real-time monitoring
and compliance with EU deforestation
rules, and supports alerts, subsidies,
and credit eligibility. (was the plot
obtained by deforestation after 20207?)

Digital identity using the QR code of the
farmer

Economic value assessment of the
agricultural capital

Notification to beneficiaries of fertilizers
Notification of credits from AgroBanco
Reporting of damages for natural disasters
Updating crop information for agricultural
survey

EO monitoring of the parcel

And much more!



Выступающий
Заметки для презентации
The Padrón de Productores Agrarios (PPA) is a comprehensive database developed by the Peruvian Ministry of Agrarian Development and Irrigation (Minagri). It originated from a need to create a producer database for distributing bonusess and has grown to include information on over 2 million producers. The PPA collects 38 strategic georeferenced variables, providing a detailed economic, social, and productive profile of farmers.

Peru's PPA links digital identity to geospatially-referenced parcels. 
The app enables farmers to map plots and access services. 
EO data ensures real-time monitoring and compliance with EU deforestation rules, and supports alerts, subsidies, and credit eligibility.
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EOSTAT Crop Mapper E®-Stat

_ ' Data collection:
EOSTAT Crop Yield Mapper . VYield
observacion de la tierra -
SALUS Management
e SoIl
e Climate
Simulations
e Maize
e Rice
e Papa
e Sugar Cane



Выступающий
Заметки для презентации
Como sabemos, el rendimiento se ha calculado utilizando datos de entrada que caracterizan los sistemas de suelo, plantas y atmósfera. El modelo Salus, ha aprendido la respuesta diaria del cultivo a la temperatura, la radiación solar, la precipitación, y las prácticas de manejo del cultivo y las propiedades del suelo.

Tales simulaciones requieren habilidades especializadas y grandes esfuerzos para reunir datos, estandarizarlos, ejecutar simulaciones, analizar resultados y calibrar el modelo para mejorar los resultados hasta que sean satisfactorios. Nuestra idea es que después de la inversión inicial realizada por el proyecto, sea posible permitir que el experto en Perú ejecute simulaciones de una manera más amigable en el futuro, aprovechando un modelo previamente entrenado y precalibrado al que se puede acceder en línea mediante una interfaz gráfica fácil de usar. .
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Annual crop yield forecasts at 10 meters spatial resolution under different climatic scenarios for 5 main crops
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Выступающий
Заметки для презентации
Como primer paso, el proyecto ha desarrollado una aplicación de pronóstico del rendimiento de cultivos fácil de usar, que permite al usuario seleccionar el área de interés en Perú, el tipo de cultivo entre los principales, la temporada y el año, y las opciones clave de manejo de cultivos. . Esto permite que la herramienta recupere los resultados de la predicción del rendimiento del cultivo de la base de datos donde ya están disponibles. En el futuro, una aplicación de este tipo podría estar activa, en el sentido de que el usuario podría activar simulaciones que se ejecutan casi en tiempo real.
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