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Introduction

* Forest ecosystems facing rapid climate change impacts;
urgent need for timely monitoring.

e Earth Observation satellites provides a possibility to observe
forests and not only, constantly and at a global scale 24/7

e Earth observation can be defined as a process of acquiring
observations of the Earth’s surface and atmosphere via
remote sensing methods.

* EO data can be used to identify forest boundaries,
distinguish tree species, estimate biomass, and quantify
forest health.

* Integral to monitoring forest governance through
identification of illegal activities, forest harvests, forest fires,
the state of secondary growth, and settlements and g o _
agriculture. LA L 00 S

Credits: contains modified Copernicus Sentinel data (2023), processed by ESA




The Copernicus Programme

Europe’s eyes on Earth — flagship programme of the European Union
* Monitors the Earth, its environments and ecosystems

Prepares for emergency situations (security risks, natural or man-
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Copernicus Sentinels

Sentinel-1A/B/C/D: Radar Mission /2024 /TBD
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Sentinel-1 | Radar Mission

Payload: C-band synthetic aperture radar (SAR) at 5.405 GHz
Constellation: Twin satellites - same orbit (180° apart) - 12-day orbit
Orbit: Polar, Sun-synchronous at an altitude of 693 km

Revisit frequency: max. 12 days at equator (ENVISAT— 35 days)
Coverage: Global (provides an all-weather, day-and-night acquisitions)

Life: Minimum of 7 years of mission life.

Four operational modes R te sA

Mode Swath Resolution

Builds on heritage SAR systems on ERS-1, ERS-2, Envisat

Interferometric wide-swath (IW) 250 km 5x20 m
and Radarsat
Wave-mode (WV) 20x20 km 5x5m . L
(at 100 km intervals) Single or dual polarization: VV, HH, VV+VH, HH+HV
Strip map (SM) 80 km 5x5 m
Extra wide-swath (EW) 400 km 20x40 m

a https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-1




Sentinel-2 | High resolution optical mission

Payload: Multispectral instrument - 13 spectral bands

Constellation: Twin polar-orbiting satellites in the same orbit

Orbit: Polar, Sun-synchronous at altitude of 786 km

Revisit frequency: 5 days at equator

Coverage frequency: 5 days at equator to < 1 day at high latitudes

Life: Minimum of 7.25 years
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Sentinel-2 constellation:
summer solstice

Products available to users:

Level-1C - Top-of-atmosphere reflectance in
cartographic geometry

Level-2A - Bottom-of-atm. reflectance in cartographic
geometry (systematically generated over Europe,
globally by the end of 2018)




Sentinel-3 | Medium Resolution Imaging and Altimetry Mission

* Payload: 4 instruments:
o Ocean and Land Colour Instrument (OLCI)
o Sea and Land Surface Temperature Radiometer (SLSTR)
o Synthetic Aperture Radar Altimeter (SRAL)
o MicroWave Radiometer (MWR)

e Constellation: Twin satellites - same orbit (180° apart)
e Orbit: Polar, Sun-synchronous at altitude of 815 km

* Reuvisit frequency: < 1 day repeat cycle for OLCI/SLSTR
with 2 satellites, 27 days for the topography package

e Coverage: Global (day-and-night acquisitions)

e Life: Minimum of 7 years (consumables for 12 years)
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Source: ESA

Instruments used for land monitoring applications:

* OLCI: Land product - global vegetation index or Fraction of
Absorbed Photosynthetically Active Radiation in plant
canopy.

e SLSTR: biomass burning (wildfire detection) surface
temperature monitoring (LST



Copernicus Sentinels

Payload: UVN (Ultraviolet Visible
Near-Infrared) - passive imaging
spectrometer hosted on the MTG
satellites

Trace gases and aerosols in the
atmosphere and pollutants: nitrogen
dioxide (NO,), sulfur dioxide (SO,),
ozone (0Os), formaldehyde (HCHO)

Orbit: geostationary orbit at altitude
of about 35786 km

Revisit frequency: 60 min

Life: Minimum of 8.5 years

Payload: Tropospheric Monitoring
Instrument (TROPOMI) — passive
grating imaging spectrometer

Orbit: Polar, Sun-synchronous at
altitude of 824 km and in-flight
formation with Suomi-NPP (US
NOAA)

Revisit frequency: Daily global
coverage (13:30 local solar time)

Swath width of ~2600 km

Life: Minimum of 7 years
(consumables for 10 years)

Carries a radar altimeter to measure
global sea-surface height.

Payload:

- Poseidon-4 - a Ku band nadir-
pointing Synthetic Aperture Radar
altimeter

- Advanced Microwave Radiometer
for Climate (AMR-C)

- High-Resolution Microwave
Radiometer (HRMR)

Orbit: Non-sun-synchronous orbit at
a mean altitude of 1336 km inclined
at 66°

Revisit frequency: 10-day repeat cycle

Life: Minimum of 7 years



Data tiles v Forest loss in 5 years
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Sentinel-1 | Applications

Forest loss
B Jan. 2018 - Jan. 2021
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Jan. 2018 Jan. 2019 Jan. 2020 " Global Earth Observation

Deforestation detection map over Laos, Cambodia and Vietnam from 2018 to 2020. [Credits: EO Science for Society — ESA] <BIO
Source: https://eodsociety.esa.int/projects/soft/ SEEE

« Source: https://www.globeo.net/soft




Sentinel-2 | Applications
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Wildfire detected in raw Copernicus Sentinel-2 raw imagery using the co-registration |

J Raster Tiling \ Sequential Patch Inference /
technique.

a Source: Meoni, Gabriele, et al. "THRawS: A Novel Dataset for Thermal Hotspots Detection in Processing scheme of the raw wildfire detection application from Sentinel-2 imagery.

Raw Sentinel-2 Data." arXiv preprint arXiv:2305.11891 (2023). Source:Del Prete et al, 2023
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. e
Reforestatigh in Rio Capim, Atazon from 1985 to 2022 with Sentinék2 and USGS Landsat data. 1985

ASource: Heingich, V.H.A., Vancutsem-,‘D,aIagnol, R. et al. The carbon sink of s&ondary and degraded humid tropical forests. Nature 615, 436—442 (2023).
https://doi.org/10.1038/s41586-022-05679-w -




Sentinel-3 | Applications

HOME DASHBOARD VIEWER

X Information

- — ESA Sentinel-3 World Fire Atlas
Acquisition date: 2024-04-13 20:37:46 * .
M Product: S3A_SL_1 RBT___ 20240413T203746_2 R The Sentinel-3 World Fires Atlas product has been
. 02404137204046_20240415T062134_0179_111_1 developed by ESA processing global products using both
gz:)?jii%zm—O—NT—004'SEN3 Fire channels of the Sentinel-3A SLSTR instrument. Define a
28.930786211396537.20.95584 1372845324 time range to visualise the fire events detected by S3A
X.,Y: 458,754 SLSTR instrument at night-time.
ot gss F1 value: 330
) . v v Select dates

£ 2024-04-01 - 2024-04-30

You can select a maximum range of 365 days

in gimaaicus Sentinel data processed by

& DOWNLOAD CSV

Pixels affected by fires: 108
Linsbrgard fimsrdVe*fié’ESA Sentinel-3 World Fire Atlas, o

€ailel | © Upensireetviap con

Contact us: s3wfa@esa.int COPYRIGHT 2024 © EUROPEAN SPACE AGENCY. ALL RIGHTS RESERVED. Developed by Serco Italia S.p.A. Powered by ONDA Copernicus DIAS

Worldwide fires from the World Fire Atlas between May 2016 and June 2023

e Source: https://s3wfa.esa.int/.
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EARTH EXPLORERS

Pioneering scientific and technical
excellence
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Data Access | Copernicus Data Space Ecosystem

httpS: / / dataspace.co erniCUS.eu News i Dashboard Cases Events Gallery Videos About

’ Iy [ o ( opermicus @esa EXPLORE DATA v ANALYSE DATA v ECOSYSTEM v SUPPORT v

@] @)
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Copernicus Data
Space Ecosystem

Welcome to the Copernicus Data Space Ecosystem, an
open ecosystem that provides free instant access to a
wide range of data and services from the Copernicus
Sentinel missions and more on our planet’s land, oceans
and atmosphere.

The Copemicus Data Space Ecosystem not only ensures
the continuity of the open and free access to Copernicus
data but also extends the portfolio for data processing and
data access possibilities. Delve into the data via the
Copernicus Browser and register to create an account and
have an even better comprehensive exploration
experience.




Data Access | Copernicus Land Monitoring Service

Access: (Free registration) = https://land.copernicus.eu

Available datasets provided by the Copernicus Global Land Service component:

Land Cover
Vegetation (e.g. biophysical variables — LAI, fAPAR; vegetation indexes — NDVI)

Energy (e.g. LST, top-of-canopy reflectance, surface albedo)

Water (e.g. water bodies, lake water quality, lake water temperature, water level)

High resolution hot spot monitoring (land cover change in hight resolution over areas of @

- Cryosphere
Coverage: Global, regional and European @
Use case examples: Forest damage monitoring; carbon storage in land and soil °’“
)
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Platforms and opportunities

eo science for society

a network of ESA funded prOJects almlng ait gi)tmg ne king and collaborative research,in Carbon
ience 7
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https:/ / eo4society.esa.in https://eo4s&ciéfiésaf.fi/ﬁt/pdmnjp,r\ities/scieﬁtists/eéa%arb0n-$cie“ni:é-cl'u‘ster/

= Q [ ESA CLIMATE OFFICE
OFFERING SUBSCRIPTION REGISTRATION AND SUPPORT NEWS AND OUTREACH CONTACT

forestry
tep

Keeping an Eye on
Our Global Forests Observing the climate

Forestry TEP is an online solution for commercial, research and public sector users to improve forest
management while ensuring sustainability and carbon sequestration.

We are the ESA Climate Office, the focal point for the Agency's climate activities. Using
satellite observations, we develop the global, long-term data records that evidence our

SUBSCRIBE
changing climate and inform international action.

https://f-tep.com oo RS LCimate. esa.int/ ..




Knowledge sharing and learning materials

Access open-access training
materials on:
* Land monitoring
 QOcean/Coasts
* Risk Monitoring
* Hydrology
e * Geology/Cryology
) e ] ) 5 [wo wwsocorecronmsamva: |§ [ s Atmosphere
= “ By [ B .« Data Processing methods:
Python, R

RUS Copernicus Training

(@ruscopernicustraining5404 - 9.78K subscribers - 53 videos

This channel is dedicated to the RUS Copernicus Training programme. You will find recordi... >

rus-training.eu

£\ Subscribed

Home  Videos Live Community

RUS Webinar: Estimation of Forest Above-Ground RUS Webinar: Active Fire Detection with Sentinel-3 - RUS Webinar: Rapid Landslide Detection with RUS Webinar: Snow Cover Mappir
Biomass with Sentinel-2 - PY02 HAZA04 Sentinel-1 - HAZA07 CRYO05
13K views - 2 years ago 5.2K views - 5 years ago 15K views - 4 years ago 2 3K views * 2 years ago

Videos P Playall

P g #1R ENSSIONS MORITORING W Stamme-s+ | UGHY MONITORMG WITH SINTINIL BRGNS S ; ) J| SARGASSUM MAPPING IN THE
i . - L BLCARIBBEAN SEA

@ Rrus

RUS Webinar: Fire Emissions RUS Webinar: Drought RUS Webinar: Coastal RUS Webinar: Snow Cover RUS Webinar: Estimation of RUS Webinar: Sargassum
Monitoring with Sentinel-5P... Monitoring with Sentinel-2 -... Erosion Monitoring with... Mapping with Sentinel-3 -... Forest Above-Ground... Mapping in the Caribbean...

c@« Rus o

https://eo4society.esa.int/resources/copernicus-rus-training-materials/



Remarks from the presentation:

* Open access to Copernicus Sentinel EO data revolutionizes forest monitoring: enables precise vegetation
tracking, biomass estimation, and forest disturbance detection.

* SAR and optical data acquisition, regardless of weather conditions, aids monitoring of deforestation and
degradation, posing the challenge of extracting meaningful indicators from vast datasets.

* Transparent, understandable environment monitoring methods foster collaboration for sustainable
management including biodiversity conservation, democratizing scientific research.

Feel free to contact!

Ewelina Dobrowolska

Earth Observation Scientist
ewelina.dobrowolska@serco.com
Serco ltaly S.p.A.
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