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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 1 - TUTORIAL

Introduction to ESA Earth Observation and evolution
— ESA EO data on the web
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1 | Exercise outline

In this exercise,we will:

e acquire skills in retrieving satelliteimagery from both ESA and
third-party missions

e conduct specificanalyses utilizing the EO Browser
e install ESA SNAP and execute fundamental image operations

e explore the spectral curve of various surface types
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2 | Background

The European Space Agency (ESA) has several key mission programs
covering various areas of space exploration, Earth observation, scientific
research, and international collaboration. Some of the main mission

programs include:

« Earth Observation (EO) Programs: ESA has a comprehensive portfolio of
EO missions aimed at monitoring and understanding various aspects of
the Earth's environment. Examples include the Copernicus program,
which has developed Sentinel missions to manage the environment,
understand and tackle the effects of climate change, and safeguard

everyday lives, Earth Explorers designed to improve our understanding

of Earth, and the Living Planet Program.

« ESA provides EO mission data addressing almost all parameters
retrievable by EO satellites
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« Exploration Programs: ESA conducts various scientific missions to
explore the cosmos and increase our understanding of the universe.
This includes missions like the Hubble Space Telescope, the Gaia mission
for astrometry, and the Planck mission for studying the cosmic
microwave background. ESA is actively involved in space exploration
initiatives, including the ExoMars program in collaboration with
Roscosmos, which aims to search for signs of past or present life on
Mars. Additionally, ESA contributes to lunar exploration efforts, robotic
missions, international collaborations with agencies like NASA, human
spaceflight missions in collaboration with the International Space
Station (ISS). The agency contributes astronauts, research, and

technology to advance human space exploration.

+ Telecommunications and Integrated Applications: ESA focuses on
developing advanced satellite communication technologies and
applications. This indudes programs such as the Advanced Research in

Telecommunications Systems (ARTES) program.

+ Navigation Programs: ESA is involved in satellite navigation programs,
such as the Galileo program, which aims to provide Europe with its

global navigation satellite system (GNSS).

It's important to note that the specifics of ESA's mission programs may
evolve over time, and new programs may be initiated. Within this course,

we will focus mainly on the field of EO Programs.
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3 | EO Mission Programmes

Earth Online presents news and information on European Space Agency

EARTH
ONLINE

activities in the field of Earth observation. The website offers information
about ESA's-Earth Observation data, and the satellite missions and
instruments that acquire this data.

MISSIONS DATA NEWS EVENTS TOOLS

MISSION
PROGRAMMES

Explore the European Space Agency's Earth Observation satellite
missions. Learn all about ESA's dedicated Earth Explorers or collaborations
with other agencies through the Third Party Missions programme.

Earth Explorers

ESA's Earth Explorer
missions are dedicated to
addressing key scentific
challenges identified by the
EO community....

EXPLORE MORE

Heritage Missions

ESA's Heritage missions
programme preserves 30
years of historical data from
more than 45 satellite
missions that are no longer
operational....

EXPLORE MORE

Third Party Missions

Through the TPM
programme, ESA offers data
from a wide range of EQ
satellite missions developed
and operated by other
agendes....

EXPLORE MORE

Earth Watch

ESA's Earth Watch
programme consists of
missions developed and
operated in partnership with
other organisations....

EXPLORE MORE

Copernicus Sentinels

The Copernicus Sentinel
missions are state of the art
Earth observation satellites
developed as part of an
initiative between ESA and
the EC....

EXPLORE MORE [2

ESA's EO Mission Programme is dedicated to several ongoing and past
Earth Observation satellite missions. Users can learn all about ESA's
dedicated Earth Explorers, Copernicus Sentinels, Heritage Missions or
collaborations with other agencies through the Third Party Missions
programme by accessing the dedicated Earth Online website that
presents news and information on ESA activities in the field of Earth
observation. The website offers information about ESA’s Earth
Observation data, along with insights into the satellite missions and
instruments that acquire this data.
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3.1 Earth Explorers

The Earth Explorers program comprises a set of satellites united in their
mission to enhance Earth science by addressing fundamental scientific
inquiries through the observation of crucial Earth systems.

Each Earth Explorer is specifically designed to monitor distinct facets of
the Earth's system, including the Cryosphere, Hydrosphere, Atmosphere,
Ionosphere, and the Earth's interior. The primary aim of these missions is
to gain insight into the Earth as a geosphere and comprehend the
intricate interactions among spheres and sub-spheres

Current Earth Explorer missions include Aeolus, CryoSat, SMOS, and
Swarm. Future expansions will introduce new missions like EarthCARE,
Biomass, and FLEX.
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Users have the ability to engage with three-dimensional representations

of ESA satellites and payloads via the link: https://visuals.earth.esa.int/

Additionally, users can explore case studies that showcase practical
applications of the satellite data.

earth online MISSIONS DATA APPLICATIONS
visuals

. ¥ b :
Swarm
CryoSat Mapraic Pl M Aeolus o

EarthCARE Sy
ﬁ"
L N\

Envisat
B European Space Agency Earth Online Cookie Notice Terms & Conditions

MISSIONS DATA APPLICATIONS

earth online
visuals

< See all Missions See data app||cat|0n

Related Data Applications

SMO0S

Soil Moisture and Ocean
Salinity

ABOUT THE MISSION

SCIENTIFIC INSTRUMENTS 3D mOdel Of ESA
) SMOS satellite

4+ MIRAS

earth online
visuals

MISSIONS DATA APPLICATIONS Cesa

&R

Related Mission:

< See all data applications
Sea surface
salinity

Amazon River

plume

Adischarge of feswaIeT It \ (¢ Interactive
the Atlantic Ocean from the > Vlsualisatlon

Amazon River created a visible
plume that can be detected
by satellites. This can affect the
November 2015

Learn about the data
and how to access i

European Space Agency Earth Online Cookie Notice Terms & Conditions

Further visualisation and analysis options, information on data access

esa @, USTAV GEOCRAFEE )


https://visuals.earth.esa.int/

VisioTerrra

VisioTerra is a French company that focuses on scientific consulting in the
field of Earth observation as an independent entity. It enables access to
online visualisation of GOCE altimetry and SWARM products.
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3.2 Sentinel Online - Copernicus Sentinels

Copernicus stands as the most ambitious Earth observation program to
date, aiming to deliver precise, timely, and readily available information
to enhance environmental management, comprehend and alleviate the
impacts of climate change, and ensure civil security.

ESA developed the Sentinel satellite family to meet Copernicus program
needs. The Copernicus Ground Segment oversees operations, data
acquisition, and distribution. Currently, three two-satellite constellations
orbit, with two individual satellites, including Sentinel-5P. After Sentinel-
1B, Sentinel-1C will restore the Sentinel-1 constellation.

Sentinels offer diverse observations, from Sentinel-1's all-weather radar
images (2014, 2016) to Sentinel-2A's high-res optical images (2015).
Sentinel-3 satellites (2016, 2018) provide ocean and land data, with
Sentinel-3 marine operated by EUMETSAT and Sentinel-3 land by ESA.
Sentinel-5P, launched on October 13, 2017, is the first Copernicus
mission dedicated to atmospheric monitoring, reducing data gaps.
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Sentinel Online aims to offer extensive information to prospective users
regarding the Sentinel program, including its specific missions,
operational priorities, and the Copernicus Thematic domains it caters to.
The technical platform prioritizes in-depth explanations covering
instruments, performance of data products, scientific applications,
Ground Segment processing, and guidance on how to access Sentinel
data.
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Users can explore Copernicus Sentinel missions and instruments through
SentiWiki, applications through Sentinel Success Stories, get an
immediate access to a wide range of open and free EO data and services
through Copernicus Data Space Ecosystem, check News, real-time info
about Sentinels missions through SentiBoard, Sentinel-2 Reprocessing
Status or explore Dunia - data platform for Africa.

Sentinel Online COPERNICUS SENTINELS v

SentiWiki

All you wiint to know about Sentinel Missions at a
glance

Sentinel Success Stories

Discover how Sentinel Data are benefiting soclety

ICCESS STORIES

Copernicus Data Space Ecosystem

Immediate access to a wide range of open and
free Earth observation data and services

GO TO DATA SPACE

News

SentiBoard

The Copernicus O
real-time Info about Se

GO TO SENTIBOARD

Sentinel-2 Reprocessing Status

LEARN MORE »

Dunia

A data platform for Africa

READ MORE
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3.3 Heritage missions

ESA's Heritage Space Programme is dedicated to safeguarding, ensuring
accessibility to, and managing over four decades of Earth Observation
heritage data. This extensive dataset originates from more than 45
satellite missions that are no longer in operation, as well as from
dedicated Earth Observation campaigns conducted by ESA.

Included in the program are significant missions such as the European
Remote Sensing satellites (ERS-1 and ERS-2), Envisat, and the Gravity
Field and Ocean Circulation Explorer (GOCE).

HERITAGE MISSIONS

TIMELINE

The user can discover the instruments used in each of these featured
missions, access mission data and explore A number of tools that are
available for visualising, processing and analyzing.

Envisat

Envisat Envisat DATA Envisat TOOLS
INSTRUMENTS
Envisat data is freely and openly

i visualising, processing and analysing
Explore instruments used in-Envisat available to everyone. h

mission. Envisat data.

A number of tools are available for

EXPLORE INSTRUMENTS ! ACCESS MISSION DATA ; 7DOW>NVl;07AD TOOLS
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4 | EO Training and Education

ESA is involved in a diverse array of initiatives related to education,
training, and capacity building in the field of Earth Observation (EO).
These efforts span from advanced training in state-of-the-art processing
techniques for the upcoming generation of scientists to broader outreach
activities and EO education for schools.

4.1 Earth Observation for Society (EO4Society)

eo science for society

v;_;; &_'#0 \‘\
'Obsewatfbn ..\uq
L

ge J{ of scnentlsts to more general outreach actlvmes and Earth "i 'f '
Observétlon education for schools. . g 2

&

EO4Society is a program that focuses on utilizing Earth observation data
to address societal challenges. The EO4Society program aims to promote
the use of Earth observation data for various societal benefits, including
environmental monitoring, climate change studies, disaster management,
agriculture, and urban planning, among others.

Within this platform ESA has developed Massive Open Online Courses
(MOOCs) on various topics related to space exploration, science, and
technology. These courses are inclusive, accommodating individuals from
diverse backgrounds, such as scientists, policy-makers, educators,
professionals, students at schools or universities, and casual learners.
Each course lasts several weeks, challenging the traditional educational
framework by integrating data, video content, applications, and online
materials.

UNIVERZITA
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The educational journey can be tailored to individual preferences due to
its social dimension, which includes online discussions and feedback from
educators, along with the incorporation of optional materials. Each MOOC
training course has its dedicated page with learning materials.

Link: https://eodsociety.esa.int/training-education/massive-open-online-

Ccourses-moocs/

Land in Focus

Basics of Remote Sensing

D
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A series of online learning
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Land in Focus MOOC

A series of online learning materials suitable for anybody interested in the
potential of remote sensing technologies for applications over land surfaces.

Land in Focus
Basics of Remote Sensing

Access Description

Welcome to the online course Land in Focus.

the trailer here

This MOOC is a series of online learning materials that will give you
insights on the potential of remote sensing technologies for applications
over land surfaces. The courses are free, and only require registration.

The first content of the series is the core content, called Basics of
Remote Sensing. It was officially launched on 4th October 2021 and
provides you with the fundamentals of remote sensing technology as
well as the tools needed to handle real-life scenarios. In particular, by

the end of this core course you will be able to:

» understand fundamental principles of remote sensing.
 search and gather remote sensing data.

» understand the various dimension of remote sensing data.

* process remote sensing imagery.
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https://eo4society.esa.int/training-education/massive-open-online-courses-moocs/

4.1.1 Imperative MOOCs

Imperative MOOCs is the platform for MOOCs and online learning

projects produced by Imperative Space whose one of the clients is also

ESA. Its Earth Observation courses have created innovative new

approaches to training and knowledge exchange in this field, and are

supported by purpose-built data apps-
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4.1.2 Thematic Exploitation Platforms (TEPs)

Another result of EO4SocietyTEPs are collaborative and virtual
workspaces that grant access to Earth Observation (EO) data, along with
the necessary tools, processors, and information and communication
technology resources essential for effectively working with them. These
resources are made accessible through a unified and cohesive interface.
TEPs are adressing following topics: Coastal, Forestry, Hydrology,
Geohazards, Polar, Urban themes, Food Security.
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E.g. the Geohazards TEP (G-TEP) platform is built on the virtualization
and federation of satellite EO data and methods. Its primary goal is to
offer innovative solutions to the geohazards community's needs. By
utilizing advanced services for both Optical and Synthetic Aperture Radar
(SAR) data, it provides on-demand and systematic processing services
tailored to the specific requirements of user communities. The platform
seamlessly connects to extensive Copernicus Sentinels-1/2/3
repositories, High-Resolution Optical imagery, and over 70 terabytes of
EO data from archives like ERS and ENVISAT. Additionally, it interfaces
with specific data collections from missions such as JAXA’s ALOS-2, ASI’s
Cosmo-Skymed, and DLR’s TerraSAR-X, all made available through
special arrangements within the framework of the CEOS WG Disaster and
GSNL. This integration allows the platform to efficiently address the
challenges of monitoring tectonic areas globally by tapping into
significant compute power on multi-tenant Cloud Computing resources.
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4.1.3 Copernicus RUS Training Materials

Operating from 2017 until December 2021, the Copernicus Research and
User Support (RUS) service sought to create an open-access online
platform with the goal of fostering the utilization of Copernicus data and
facilitating the expansion of educational and research and development
(R&D) initiatives. The primary objective of the RUS Service was to
encourage the utilization of Copernicus data and facilitate the expansion
of research and development (R&D) endeavors, including the
advancement of pre-commercial processing chains. This service is
structured within a scalable cloud environment, allowing for the remote
storage and processing of Earth Observation (EO) data.

Additionally, the RUS Service extended its support through on-site
training sessions, webinars, and online resources. Notably, this service is
accessible to a diverse user community and various types of institutions
at no charge.

Nowadays, the training sessions of the Copernicus RUS service are
available at EO4Society website.

QF

Copernicus RUS Training Materials

Videos, Theory and Practical materials ! l ' !

Access Description

Running from 2017 to December 2021, the Copernicus Research and User Support
(RUS) service aimed to develop an online free-access platform to promote the uptake of
Copernicus data and support the scaling up of educational and R&D activities.

In particular. the service provided Copernicus data access. cloud computing resources,
access to effective software tools and training services allowing users to develop their
understanding and exploitation capabilities in relation to Copernicus.

The service was funded by the European Commission, managed by the Eurcpean Space
Agency and operated by CSSI and its partners.

The training sessions of the Copernicus RUS service are available here below. Access
specific videos (click on ), tutorials (click on [7), and exercise data (click on ).
The videos can also be found in the 8 RUS Copernicus Training Youtube channel.

Land:
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5 = LANDO7 - Deforestation Monitoring with Sentinel-1 (2 MB, 376 MB)
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4.2 ESA Learning Hub

The ESA Learning Hub, managed by the SME section in ESA's Directorate
of Commercialisation, Industry, and Procurement, is an online platform
providing industry stakeholders and delegations access to training
courses and materials associated with ESA programs. As a central
repository aligned with ESA activities, it aims to enhance European
industry growth by supplementing core knowledge, competencies, and
overall competitiveness.
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4.3 EO College

The EO College serves as a central hub for digital learning content
focused on Earth observation, remote sensing, and related subjects. This
platform is specifically designed to function as a repository for open
educational resources and online courses. In essence, it acts as a
comprehensive source for individuals seeking to enhance their knowledge
and skills in the field of EO through digital learning materials.
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4.4 SEOM (Scientific Exploitation of Operational Missions)

The primary goal of the SEOM component within the Earth Observation
Envelope Program 4 is to unite, assist, and extend the extensive
international research community established through the ERS, ENVISAT,
and Envelope programs over the past two decades. Its objective is to
enhance the global leadership of the European Earth Observation
research community by facilitating comprehensive utilization of
observations from upcoming European operational EO missions. SEOM
aims to empower the scientific community to explore numerous new
avenues of research made possible by the free and open access to data
from operational EO missions.

seom
scientific exploitation of operational missions
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5| Future of EO - ESA ®-lab

= Q-+ THE EUROPEAN SPACE AGENCY

Eesa
®-lab

WE EXPLORE WE INVEST COMMUNITY AND PARTNERSHIPS FLAGSHIP PROGRAMMES ABOUT OUR PEOPLE PUBLICATIONS NEWS & EVENTS
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ACCELERATE THE EARTH OBSER

The primary objective of ESA's ®-lab initiative is to accelerate the future
of Earth Observation (EQO) by fostering transformative innovations. These
innovations have the potential to revolutionize or establish entire
industries through novel technologies, ultimately enhancing the global
competitiveness of the European EO industrial and research sectors.

Enter market
European EO

competitiveness
Fund [
Nurture Develop Foster entrepreneurial
Mature “the solution” initiatives

Nurture good ideas
. “Fail fast" ethos
Discover

Creation of “Blue-sky"
transformative ideas

@esa @ USTAV GEOGRAFIE S

V KOSICIACH




6 | Video lectures and tutorials, Sentinel App

SNAP Toolbox

There are various tutorials and guides available on YouTube that cover
the use of the SNAP (Sentinel Application Platform) toolbox, such as
SNAP Toolbox. SNAP is developed by the European Space Agency (ESA)
and is used for the analysis and processing of remote sensing data,
particularly data from the Sentinel missions.

D YouTube Q U : 9) Prihlésit sa

SNAP Toolbox

sa.int a 2 dalsie odkazy

Domov Vided Zoznamy Komunita

Popuime Mo

3 o - 3 - Gosa

living planet|sow iving planet|scs 3 living planet|sow living pla P
symposium 20z & : symposium 02z symposiom 1 N

Land surface temparature satimation with SNAP Validating Ocean Water Quality with SNAP

10:06 - I 8:33

Agriculture - Trends of LAl and NDVI Active Fire detection with Sentinel-3 Land surface temperature Validating Ocean Water Quality with
for crop monitoring estimation with SNAP SNAP

Sentinel App

The Sentinel App serves as a portal for gaining insights into the
Copernicus Sentinel satellites. It enables users to monitor the satellites in
real-time, access information on their essential features, stay updated
with the latest news, and delve into details about their offerings. Among
its features, users can explore intricate 3D representations of the
satellites, observe the past and upcoming instances when the satellites
will be visible from their location, etc.

< OPErmICUs

sentinel

A forest fire in Portugal's Pedrégao Grande region,

> imaged by Copernicus Sentinel-3's Sea and Land
Surface Temperature Radiometer on 18 June 2017,
Available on the Showin the xtent f he burt ares
. ApDp Store © Contains e Copeticus Sentine dat
@um, processed by ESA
ANDROID APP ON

P> Google play
For more information, see the lecture: 1. Introduction to ESA Earth

THANK YOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 2 - TUTORIAL

ESA EO Data Access and Selection,
applications of Copernicus Earth Observation data
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1 | Exercise outline

In this exercise,we will:

e acquire skills in retrieving satelliteimagery from both ESA and
third-party missions

e conduct specificanalyses utilizing the EO Browser
e install ESA SNAP and execute fundamental image operations

e explore the spectral curve of various surface types

UNIVERZITA

@esa @ USTAV GEOGRAFIE PR ozt S




2 | Background

Most of the ESA's Earth observation datasets are easily accessible online,
free of charge. Users can acquire access by completing a simple
registration process.

The Copernicus Data Space Ecosystem provides full, free and open
access to large amount of Earth observation data, along with scalable
interfaces integrated with the Copernicus Sentinel satellites. This includes a
range of both new and historical Sentinel images, commercial datasets, as well
as Copemicus Contributing Missions.

Sentinel data is also accessible through Copernicus Data and Information
Access Services (DIAS), which are platforms designed to facilitate the
discovery, retrieval, and use of Copernicus satellite data, including data from
the Sentinel missions. There are several DIAS platforms available, each
offering a user-friendly interface and tools for working with the data.

The ESA Hub allows checking searches online by browsing and viewing
product metadata and measurements without downloading them.
Sentinel products are provided for download over HTTP in *ZIP archive file
format.

Sentinel Hub is a doud-based platform that provides access to satellite
data, particularly from the ESA Sentinel missions. The platform offers a
variety of services and tools for the retrieval, processing, and analysis of
satellite imagery. It is commonly used by researchers, developers, and
businesses to access Earth observation data for various applications,
including environmental monitoring, agriculture, urban planning, and more.
EO Browser is an online platform developed by Sentinel Hub that allows
users to visualize and explore satellite imagery, particularly from the
Copernicus Sentinel missions. Sentinel Hub provides the backend
infrastructure and access to the satellite data, while EO Browser serves as
the userinterface forinteracting with that data.

ESA not only provides satellite data from its own Earth Observation (EO)
satellite resources, but also facilitates access to Third Party Missions
(TPMs), which are non-ESA EO missions. Integrating data from these
diverse sources is crucial for enhancing the sustainability of satellite
services, expanding the scope of monitored parameters, and promoting
scientific development. Researchers and students alike can request third-
party data, but it's important to be aware of licensing conditions,
especially for users in certain countries, where national legislation on data
access may apply.
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3 | How to access ESA data

To access data from the European Space Agency (ESA), user can use
various platforms and tools provided by ESA. Here are some key sources:

Earth Online Portal

The Earth Online Portal serves as a gateway to a diverse range of Earth
observation resources. It includes a directory for discovering missions and
datasets, offering convenient access to satellite data, operational updates,
events, and tools to enhance data utilization.

Sentinel Online

The Sentinel online platform offers technical details about the Copernicus
Sentinel missions and allows systematic access to processed data, which is
readily accessible on the website. User registration is required for access.

Copernicus Contributing Missions Online

To obtain data with higher resolution, users can visit the Copernicus
Contributing Missions website. This platform offers comprehensive
information on all Contributing Missions that provide data complementing
the Copernicus Sentinels, addressing the requirements of the Copernicus
Services. Eligible users can access the data for free upon registration and
confirmation of their user category.

UNIVERZITA
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4 | Copernicus Data Space Ecosystem

« Since 24 January 2023 a new Copernicus Data Space Ecosystem has been
launched to provide free and open access to Earth Observation data from
all Sentinel satellites with new features for visualisation and data
processing.

Copernicus Data

Space Ecosystem

| ACCESS EO DATA

 The previous Copernicus Data Hub distribution service that has been
providing access to Copernicus data is offering access to Sentinel data with
a gradual ramp-down of the operations capacity and data offering.

Welcome to the Copernicus Open Access Hub

Reports & Stats

The Copernicus Open Access Hub (previously known as Sentinels Scientific Data Hub) provides complete, free and open access to Data updated haury

Sentinel-1, Sentinel-2, Sentinel-3 and Sentinel-5P user products, starting from the In-Orbit Commissioning Review (TOCR) ﬁ
38,892

Since 24 January 2023 a new Copernicus Data Space Ecosystem has been launched to provide access to all Sentinel data with
new features for visualisation and data processing. Please stay tuned to the news for latest information on the services available

prod. published in the last 24h
and the roadmap for the full release of all functionalities.

The Copernicus Data Hub distribution service will continue its full operations until the end of June 2023 to allow a smooth ‘ 338 55[]
. - - . 1
migration to the new Copernicus Data Space Ecosystem by all user communities. As from July 2023 and until September 2023, d
the Copernicus Data Hub distribution service will continue offering access to Sentinel data with a gradual ramp-down of the downloads in the last 2%4h
operations capacity and data offering.
Sentinel Data are also available via the Copernicus Data and Tnformation Access Services [DTAS] through several platforms - ﬂ Reports

create scripts for automatic search and download of Sentinels' data, with synchronous access to the latest data

and asynchronous access to historic data via the API and GUL Resources

For further details or requests of support please send an e-mail to eosupport(@copernicus esa int

Please visit our User Guide for getting started with the Data Hub Interface. Discover how to use the APIs and

DHUS Open Source Portal

G)pemw’cus Copernicus Portal

o @& &

&N Sentinel Vision Stories
Open Hub API Hub 5-5P Pre-Ops POD Hub
L

+ Sentinel Data are also available via the Copernicus Data and
Information Access Services (DIAS) through several platforms.

UNIVERZITA
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The Copernicus Data Space Ecosytem allows us to access a wide range of
Earth observation data from the Copernicus Sentinel missions and more.
The Copernicus Data Space Ecosytem provides tools for easy discovery,
visualization and download which will be continuously upgraded.

Nowe § Eventc  About

EXPLORE DATA ANALY 8E DATA ECOBYSTEM

77 PROGRAMME OF 2
¢ | THE RUROPEAN UNon | OO

Explore the
Copernicus Data
Space Ecosystem

Welcome to the Copemicus Data Space Ecosystem, an
open ecosysiem that provides free instant accessfo a
wide range of data and services from the Copemicus
Sentinel missions and more on our planef's land, oceans

Explore data

Access a wide range of Earth observation data
from the Copemicus Senfinel missions and
more. The Copemicus Data Space Ecosytem
provides tools for easy discovery, visualizafion
and download which will be confinuously
upgraded.

DISCOVER THE DATA

Discover our services

Analyse

The service provides a powerful data analyfics
environment. Access a set of high-quality data
processing tools fo exiract information valuable
fo conduct public, privale or commercial
activities. The Copemicus Data Space
Ecosystem is set fo be the next level! of user
data processing and distribution infrastructure.

ACCE23 THE TOOLS

Copernicus Browser

Ecosystem

The Copemicus Data Space Ecosystem is the
next step in the evolution of Earth observation
data. The Ecosystem aims o gather fools and
resources o unlock the full potential of this
data. This allows fo build a thriving, open and
expanding Ecosystem fo increase the impact of
Earth Observation data for a sustainable
sociefy.

FIND OUT MORE

Explore and engage with satellite imagery, using our user-friendly and intuitive
browser. Open to all and easy to navigate
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4.1. Registration and login
+ We can registera new user or log in as an existing user to the portal.

+ The Copernicus Data Space Ecosytem allows us to browse and visualize
satellite images freely, but we need to register and create an account to
be able to download them.

Browser Logn < | Q *
" -
VISUALIZE SEARCH : W M + .
= ~ i u
DATE: Time Range ~ =" 4 4
< Yyvemmoo > 3o ” . '
I -
on N 3%
/ /
DATA COLLECTIONS - R ~ o0
Sentinel-2 /1
p I
Sentinet-2 L1 i sda
/ mp:
ET .
- - i
% |
/
H {
X
qan ’ 4 \
p—— -
[ eate | |
\
\
\
Fjéntabrad A b
)
ectinsconttsdar . Cucime - 1 '
C Sign in to Copernicus Data Space Ecosystem - Google Chrome = O x C Sign in to Copernicus Data Space Ecosystem - Google Chrome = O *

& identity.dataspace.copernicus.eu/auth/realms/CDSE/protocol/openid-c... o &g & identity.dataspace.copernicus.eu/auth/realms/CDSE/login-actions... & B &

rosme o (opernicus @esa

SUPPORT | .

Efeate a personal
account

Complete the form below to create a new account. After
submission you will receive 2 verification mail to confirm your
subseription and login to your personal account

Login to access your account

Password
Forgot Password?

Register form
* Required fields

-

; T
1 |

| |

Register and create an account for free
in 60 seconds

i Wl

@ Access a variety of Earth observation data
& Manage your personal settings

& Follow your credits and orders

-
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After registration and login, it is possible to visualize or search EO data
products within portal. We can choose various satellite platforms, product
types, polarizations, and sensing modes for individual satellites:

Browser

VISUALIZE
2023-04-26

DATA COLLECTIONS:

Sentinel-2

Sentinel-2 L1C v i

Sentinel-2 L2A i

v

True color
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False color
Based on bands 5.43

Highlight Optimized Natural Color

Enhanoad natural color visualization

+Addto <> V¥
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False color (uman)
Based on bands

Moisture index
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E.g. Sentinel-1 C-SAR - SAR Instrument that provides an all-weather, day
and night imagery at C-band at high and medium resolutions for land,
coastal zones and ice observations.

Levels of product es
SENTINEL-1 P P
- unprocessed raw data
C-SAR - (Single Look Complex) contains complex images with amplitude and

_ phase in the slant range by azimuth imaging plane, in the image
LI Level-0 RAW plane of satellite data acquisition

M Level-1 SLC - (Ground Range Detected) consists of focused SAR data that has been
— detected, multi-looked and projected to ground range using an Earth
[ Level-1 GRD ellipsoid model

_ - (Ocean) provide geo-located geophysical products derived from
Ll Level-2 OCN Level-1 for wind, wave and currents applications

SENTINEL-1 4
The available Sentinel-1 data includes products
: from the Sentinel-1 satellite constellation, including
SATELLITE PLATFORM o
- Sentinel-1A (operational since 2014) and Sentinel-
S1A S1B 1B (operational from 2016 to 2022)
ORBITDIRECTION i Determines wheter the data was recorded during a
descending orbit (flight direction: north-south) or
Ascending Descending an ascending orbit (flight direction: south-north)
RELATIVE ORBIT NUMBER i The Relative Orbit Number is the number of full

orbits since the relative orbit 1 to the end of a cycle

==
fH

Sentinel-1 operates in 4 instrument acquisition

ACQUISITION MODE i modes: Stripmap (SM), Interferometric Wide Swath

S W EW W (IW), Extra-Wide Swath (EW), Wave (WV)
BEAMID i Depending on the acquisition mode, different
swaths and identifiers are possible
Beam id
POLARISATION i Determines with which polarisation the data was
acquired. The first letter indicates the polarisation
HH HV Vv VH VH+WV when sending the signal, the second letter when
receiving the signal. Data can be acquired in single
VV+VH HH+HV polarisation HH or VV or in dual polarisation HHHV

or VVVH depending on the instrument mode

RESET FILTERS
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4.2.Search results

After defining the search criteria, we get the results that can be further
viewed, analysed ordownloaded.
Gpernicus EN v Katarina Onaéillova v < nye Q madrid Q
VISUALIZE SEARCH
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)
Gijon/Xixon Donostiad . Montpellier / ]
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5| Sentinel Hub - EO Browser

EO Browser, developed by Sentinel Hub, is an online platform that
empowers users to explore and visualize satellite imagery from Earth
observation (EO) missions, with a focus on the Copernicus program.
Offering an intuitive and user-friendly interface, the platform is widely
utilized for educational, research, and environmental monitoring
purposes. Key features encompass direct access to Copernicus Sentinel
data, enabling users to visualize and analyze imagery within the browser.
Customization options allow users to tailor their view by adjusting
parameters like date and cloud cover, catering to specific research needs.
The platform's educational utility is evident in its use in educational
settings, introducing students to Earth observation and remote sensing
through its accessible interface. Additionally, EO Browser facilitates time-
lapse creation for monitoring changes in the Earth's surface over time.
EO Browser is a valuable tool for those interested in exploring and
understanding satellite imagery for a wide range of applications,
including environmental monitoring, agriculture, forestry, and urban

planning.
Login - Google Chrome = O X
& services.sentinel-hub.com/oauth/auth?client_id=1febe974-cadf-44c1-9fc8-bafbd3bb4dabd8iredirect_uri=https%3A%... &

sentinelhub

by SINERGISE

Or sign in/sign up with:

2 : [ En )
mes o mm

Registration or Log in
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5.1 Optical data

In the visualisation tab, we can change the view mode (available are
visualization options in the form of color compositions and spectral indices).

True color composition (R-G-B)
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Other visualization options
Available color compositions:
* True colour (bands: Red-Green-Blue)

+ False colour (bands: NIR-Red-Green)

T G R + Highlight Optimized Natural Color

Enhanced natural color visualization « False colour (urban) (bands: 12_11_4)

NDVI + SWIR (bands: 12-8A-4)

Based on combination of bands (B3 - B4

Available spectral indices:

« NDVI - for vegetation monitoring

ire index
combination of bands (BBA - B11)/{BBA + B11) * NDWI - for water monitoring

+ NDSI - for snow monitoring
SWIR

fas + Moisture index - for moisture monitoring
NDWI

Based on combination of bands (B3 - + B&) Available classifications:

NDSI + Scene classification map - classification
Based on combination of bands {B3 - B11)/{
display based on ESA algorithms
ication map
tinel2 data as
+ Available custom visualization
Custom
Create custom vis

We can also use a visualisation for custom color combinations or spectral
indices of default bands or the scripting tool and use additional datasets.

& & [ X
< @ EO Browser 1 //VERSION=3
2 const colorRamp = [[8,@xffffff],[1,0xe05824]]
Drag bands into the index equation 3
Q Discover .I Visualize = Cc:mpare ; Pins a4 let viz = new ColorRampvisualizer(colorRamp);
s
6  function setup() [
| Dataset: Sentinel-2 L2A Show L1C BO1 BO2 . BO4 BOS 7 return {
8 input: ["BSA","Be4", "dataMask”],
a output: [
Date: 4 @8 » 20230508 Timespan 10 { id:"default”, bands: 4 },
BO6 BO7 BO3 BO9 B11 11 { id: "index", bands: 1, sampleType: 'FLOAT32' }
12 ]
13 }
14 3
15
| | 16 function evaluatePixel(samples) {
17 let index = (samples.B3A-samples.B@4)/(samples.B8A+samples.Bed);
13 const minIndex = @;
Composite ) 19 :nnst.maxlndsx =1;
Index (A,B)I(_A{-B) 7 28 let visval = null;
- 21
22 if(index > maxIndex || index < minIndex) {
Drag bands onto RGB fields. 23 visval = [e, @, 8, 8];
24 1
BBA |_ || B04 BBA BO4 2| e d
. ( ) / ( + ) 26 visval = [...viz.process(index),samples.dataMask];
BO1 BO2 Bo4 BO5 BO6 27 1
28
29 // The library for tiffs only works well if there is one channel
returned
BO7 | B0 | BO9 | B11 | B12 | BeA il 3 // So here ue encode "no data® as Nal and igaare Nalis an the
frontend.
31 const indexVal = samples.dataMask === 1 ? index : Nall;
32
33 return { default: visval, index: [indexval] };
EVENE
Refresh Evalscript ES
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An important visualisation tool of EO Browser is the Timelapse function.

We can choose multiple images filtered by date or month and select one
image per orbit, day, week, month or year. We can set prefered tile coverage
and % of doud cover. Then we can select all or only some images and
play, download or share the timelapse visualisation.

Timelapse

8 20000806 - @ 2021-09-25 Visualisations

& filter by months
Mian Mrb Mvar Mapr Min. tile coverage:
BMvay Biin Bu Maug B =G 100%
Msep Mo MnNov MDec

Max. cloud coverage:

Select 1 image per: iy ———————W 100%
@®orbit @day @week @ month Q year

M Borders

¥ Select All

Landsat 7 ETM+ L2: False color

Landsat 7 ETM+ L2
False color

§§ Coverage: 100%
Cloud cover: 2%

Landsat 7 ETM+ L2
False color

Coverage: 100%

Cloud cover: 5% Speed;| - Transmon a
o P /19 - Share
fps JRLIE - -8l Download JESHENE

% ) ¢

Play a video, select transition mode,
download or share your created timelapse

Select time range  Select/deselect image

2 !J ’ WY

The resultlng timelapse of images from the Landsat 7 satelllte showing the
disappearance of the Aral Sea by 2020
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5.2.Radar data

When displaying radar data, we have the option to choose from
various types of visualizations.

dodh : iy A Torrgjén Q e
> p e del Rey madri
< @ EO Browser ¥ ENGUSH ¥  Logir 3 3 ’ Fuerifiel saz . 31
Hoyode e v g difama M 3 aldeaver. 5
. e ~ : Manzahares ‘a(.{;';_‘ ] %
Q Discover & Visualize ~ # Compare % Pins . dcalios g’ 5 Quer y
S 3 TR Aghthans 2
g 5 < “ i - ) - ~ . Ve z
Dataset: Sentinel-1 AWS-W-VVVH 4 30 2y . . & e
Galdfgar A vy . 2 v MN:;; ¥ s Chilgeches ¢
- 1 - . Cgbena 52
Date: 4 @ » 2023-05-15 Timespan Colmiisrelo P % Vperr . TN dwewes

B y Camagha de
b 3 3 i Estefielas
L 4 -
Conamunity P PN Yebes
of Madrid TR ¥ = 4 . 4 .
§ Valdarachas

Los Sangos de

- : Villapueva U 5 g T & U2 ’ la Hamosa Pozo de
@Z‘f RGB ratio «;delPardillo: b 3k % Guadglajara

Y - x 5 =7, 2.

““:i{' Enhanced visualization < o *y (e * - Anchielo

e Vil E N 2 s )

de la Caftada ¢ : 3 b = 2 P deTajufia
. : !

%'s}& Enhanced visualization - orthorectified Viltbila

4
- A | 1
Valverde Cotpa Pezuglade
deAlals lasTores /4

Mejggadia e

Y £ > b R v
g8l Enhanced visualization - radiometric terrain corrected Brijete . : ¢ E Toiré§dela
Wt 2" Naméda

del G ¥
Lgaghes
VH - decibel gamma0 Pozuelo Olmeda de R
del Rey las Fiéntes Fuentenovilla

seyilla la
- decibel gammao - orthorectified gt Saada i
» e 4 Ambite:

- decibel gammao - radiometric terrain corrected

AT s ¢ * i . ¥ Oruso de
- linear gamma0 5 el 2 % . Tajifia

- linear gamma0 - orthorectified Humapes

Carabaia
de Madrid

Tiglmes

3 3 i Pegales
EAlans ; 4 3 )

g deTHjua Breade Tajo
linear gamma0 - radiometric terrain corrected ieTajuna "

2 v Sanbain Valdaracet
S - Semapllgs ce o " +
p for all features del Vallg

Powered by Sentinel Hul with contributions by ESA @ ios

< Estrémera
[ Casarmtibields : a p { Vilagejo de Lat: 40.4417, Lng: 43581 5km

In accordance with specific requirements, the terrain can be displayed
using different polarizations, cross- polarizations, and corrections.

Dataset: Sentinel-1 AWS-IW-VVVH - linear gamma0

Date: 4 @8 » 2023-05-15 Timespan

- linear gamma0 - orthorectified

X = =2 & 9w =

e SAR VH - linear gamma0 - radiometric terrain corrected

% .& RGE ratio S8 vV - decibel gamma0
K 1 e

: ;&{4 Enhanced visualization &% WV - decibel gamma0 - orthorectified

h&% Enhanced visualization - orthorectified WV - decibel gamma0 - radiometric terrain corrected
T

s

,ﬁgﬁg& Enhanced visualization - radiometric terrain corrected ot WV - linear gamma0

G

VH - decibel gamma0 - linear gamma0 - orthorectified

.. VH - decibel gamma0 - orthorectified - linear gammao - radiometric terrain comected

VH - decibel gamma0 - radiometric terrain corrected Custom

Create custom visualization

Qesa @&, USTAV GEOGRAFIE 2 e 15

Pl V KOSICIACH



6 | Sentinel Application Platform (SNAP)

ESA Sentinel Application Platform (SNAP) is a software toolkit developed
by the European Space Agency (ESA) for processing and analyzing Earth
observation data, particularly data from the Sentinel satellites. SNAP is
part of the Sentinel Toolbox and is freely available to the public. It
provides a user-friendly interface and a comprehensive set of tools also
for working with a variety of other remote sensing data.

# DOWNLOAD

SNAP Download

Here you can download the latest installers for SNAP and the Sentinel Toolboxes.

Data provision is available to all users via the Sentinel Data Hub.

Current Version

The current version is 9.0.0 (29.06.2022 15:00 UTC).

For detailed information about changes made for this release please have a look at the release notes of the different projects: SNAP, S1TBX, S2TBX, S3TBX, SMOS Box, PROBA-V

Toolbox

We offer three different installers for your convenience. Choose the one from the following table which suits your needs. During the installation process, each toolbox can be excluded
from the installation.https:/github.com/senbox-org/probav/blob/2.3.0/ReleaseNotes.md Toolboxes which are not initially installed via the installer can be later downloaded and installed
using the plugin manager. Please note that SNAP and the individual Sentinel Toolboxes also support numerous sensors other than Sentinel.

If you previously used SNAP before, we recommend uninstalling the older SNAP version before installing the latest version.

Windows 64-Bit Mac OS X Unix 64-bit
These installers contain the Sentinel-1, Sentinel-2, Sentinel-3 Toolboxes, download size is close to 00MB.

Sentinel Toolboxes Main Download Main Download Main Download

Mirror Download Mirror Download Mirror Download

These installers contain only the SMOS Toolbox, download size is close to S00MB.
Download also the Format Conversion Tool (Earth Explorer to NetCDF) and the user manual.

SMOS Toolbox Main Download Main Download Main Download

Mirror Download Mirror Download Mirror Download

These installers contain the Sentinel-1, Sentinel-2, Sentinel-3 Toolboxes, SMOS and PROBA-V Toolbox, download size is close to 1GE.

All Toolboxes Main Download Main Download Main Download

Mirror Download Mirror Download Mirror Download

SNAP is widely used in the scientific community and by remote sensing
professionals for a variety of applications, induding land cover mapping,
environmental monitoring, and disaster response. It is an open-source tool,
and its modular architecture allows for the integration of plugins and
additional functionalities.
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After installing and starting the software, we can open an image using
File — Open Image or by Import option:

= SNAP | Sentinels Application Platform

Done loading modules.

Eesa
eo

B snap Landsat > - O X
File Edit View Analysis Layer Vector Raster Optical Rad Pleiades f Q- Search (Ctrl+
. - RapidEye > a >
& Open Product... GCP g 2% o @ A *Lo ¥
Reopen Product >
Sentinel-2 > )
4 Product Library e RENRREIC v
Sentinel-3 > S2-MSI L1B o
o
Spot > 52-MS| L2A g
WorldView > $2-MSI L2H 5
Aquarius 2
HICO L1B
MODIS L1B =
Session > OoCM2L1B g
[
Projects > VIIRS (SDR, EDR) =
Import > DEM > Deimos E
[
Export > Generic Formats > Muscate )
Exit Optical Sensors > ATSR Product -
=
SARFormats > NOAA-AVHRR/3 L1B =
SAR Sensors > ALOS/AVNIR-2 Product 3
SEEHN Suin 0 2 ALOS/PRISM Product 3
L=}
Off Globe MERIS Binned Level-3 2
q 48 SNAP - Open Product x
Look in: exercise_1 s I‘j‘ '
-./ - Mazov Velkost’ Typ polozky Datum Gpravy
= &4 subset_0_of_S2A_MSIL2A_20220519T094041_N9999_RO36_T34UDV_20230103T005625.data Prieginok si.. 16, 5. 2023 12:35

Maposledy p...

Pracovna plo...

352MB 5SMAP standa.. 16. 5. 2023 12:53

[ 2 subset_0_of S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T0D05625

Dokumenty
IQ File name: subset_D_of S2A_MSIL2A_20220519T094041_N9993_R036_T34UDV_20230103T005625. dim
Tento poditad

Files of type: | all Files “ Cancel
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B [1] subset_0_of_S24_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625 - [C:\Users\Onacillova\ Desktop\ESA_ENEUMexercise_l\subset_0_of_S2A_MSIL2A_20220519T094041_N9999_R036_T34UD...

file Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

a B Pl [ [Aer Al @R Iwl# X

W ol

- ] x

Q. Search (Crl+)

LW b 9% AN Ry v

<<

GCP 'ﬂ'\

® '®

QBB 2

Product Explorer X | Pixel Info "4'@
~ 3
Band Maths... E‘
+ | Group Nodes by Type
q A =
Open RGB Image Window €= Openimage as RGB color composition =
Open HSV Image Window 5
=
Close Product %
Close All Products ‘2
Save Product ?
Save Product As... 3’;_
=
Ctrl+X %
Copy Ctrl+C ﬁ
Ctrl+V
Delete |
igati Colour i i ‘U Properties E
Off Globe
X -Y - Lat —Llon — Zoom — Level — 1:_-9
E Select RGB-Image Channels * E Select RGB-lmage Channels x
Profile: Profile:
?,Senﬁnel 2 MSI Matural Colors v &3 B AN Sentinel 2 MSI Matural Colors v | &5 B i 'ﬁi
Sentinel 2 MSI Matural Colors
Red: B4 ~ Sentinel 2 MSI False-color Infrared w
Green: |B3 - Sentingl 2 MSI Atmospheric penetration o
Blue: |B2 v Blue: |B2 w
(] store RGE channels as virtual bands in current product [[] store RGB channels as virtual bands in current product
Cancel Help Cancel Help

4

Display image in Natural Colors
(as seen by human eye)

12Beueyy 1okeT ()

euey psen) By

)

Open image in False Colors or open as
an Atmpospheric penetration image

rInfrared RGB X

2Msl False~color

Aleigr pnpoid

1abeueyy sade [[f)

Jsabeuep ysel Ry
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Upon opening an image, users can explore the image data through
the Product Explorer window. This encompasses opening RGB
composite images, navigating metadata, inspecting spectral bands,
and reviewing image masks. In the case of radar images,
amplitude or intensity can be visualized in various polarizations.

File Edit View Analysis Layer Vector Raster Optical Radar Teols Window Help
Paol[/Aer Al @

Product Explorer X | Pixel Info | =
=8 [1] S1A_IW_GRDH_1SDV_20220519T044522_20220519T044547_043275_052AF9_9988

File Edit View Analysis Layer Wector Raster Optical Radar Tools Window Help
a LA P A MO a W ia b d

Product Explorer * | Pixel Info | =
-6 [1] subset_D_of 52A_MSIL2A_20220519T094041_N3993_R036_T34UDV_20230103T005625

55 Metadata
@ Level-24_User_Product
(- §§ Level-2A_DataStrip_ID

E155 Metadata
- Abstracted_Metadata
- Original_Product_Metadata

a Granules
R history
=28 Index Codings

=23 Tie-Point Grids

2E] VectorData T [ latitude
el s [ longitude
...... i ground_control_peints [ incident_angle
BE§ Bands e [# elevation_angle
BBsn [ slant_range_time
B-53 view EHER Quicklooks
-3 quality i der Quicklook
----- [ B1(443rm) =3 Bands
..... B 52 (450 nm) B Amplitude_VH
..... [ B3 (550 nm) [} Intensity_VH
..... B B4 (555nm) @ Amplitude_WV
..... B 85 (705 nm) [} Intensity_vv
----- [ 86 (740 nm)
----- B 87 (733rm)
----- B s (342rm)
----- B ssa (365 0m)
----- B 83 (945 nm)
----- @ B11 (1510 nm)

----- [# B12 (2190 nm)
=23 Masks
I:l nodata

In the bottom-left Window Group, we can see 4 tools:

* Navigation tool — to navigate within the opened image

» Colour Manipulation - to view the histogram for the opened image and
manipulate individual channels or assign new colours to the image

« Uncertainty Visualisation - to visualise the uncertainty information
associated with a band shown in an image view

« World View - to see the position of our selected image

Navigation tool Colour Manipulation World View

©
&

(@Red (O Green (C)Blue

E 3
Mame: B4
Unit: dl 5k 100

Miri: 0,019
Ma: 1.214
Rough statistics!

Y
WK

& 8
a
@wr ey

&
o

™

2000 Km

®

1:48.6 I 0° = @ % Mare Options
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To simultaneously view and compare multiple opened images, utilize the
Tile function (e.qg. "Tile Horizontally" or ,Tile Vertically").

Ensure that the cursor is visible and that simultaneous manipulation of all
images is possible by navigating to the Navigation tab and verifying that
the following is checked:

By synchronises views across multiple image windows

[:y synchronises cursor positions across multiple image windows

3 sNapP - o %
‘Qv Search (Ctrl+]) l

File Edit View Ana!ysis Layer Vector Raster Optical Radar Tools Window He[p i
a% Al IS<Ex v osgETocole @@=
e rFlarsvvRIe R |

Ise-color Infrared RGB

XL._. v O g

¥ O |[ [1] Sentinel 2 MSI Natural Colors RGB

Product Explorer X “ Pixel Info ‘
=-E [1] subset_0_of S2A_MSIL2A_20220519T0] &

Aleaqr pnpoid L

@ (@3 Metadata
- (@3 Index Codings
@ (@3 Vector Data
- (@3 Bands
(- (Z2 Masks
=
g g
XICoI... ]Unc... ‘WOI'... ‘ Lay... n:z,
> , ‘é

1:133.86 | v @

A% A UWOBkE I XS tklivegE T L0oUliee IEFED
e s@assvvROOR

[# [2] Sentinel 2 MSI False-color Infrared RGB X [

7+
S

Product Explorer X ! Pixel Info ‘ —
-5 [2] subset_0_of S2A_MSIL2A_20220519T09

Ateqr pnpoid L2
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For localization purposes, we can add various pins to different pixels and
add the description to them (View - Tool Windows - Pin Manager or by
clicking on the icon of Pin placing tool £,

[ [1] Sentinel 2 MSI False~olor Infrared RGB X ¥ O [ [1] Sentinel 2 MSI Natural Colors RGB x] b=

% oo Freg

Pin Manager *

¥ ¥ Lon Lat Color Label

4126,500| 5051.500 20.193265
5235.500 4356.500 20.344647  49.259001[ |

§5371.500| 4657.500 20.363635 zastavana_plocha

To observe spectral information of these various pins, we can use the
tool Spectrum View w

Spectrum View Y

0.9 - [
* B
071{ *% S Nz
0.6 4 _ \//Df
ﬁ I:I-S T - oo 17
I S

0.1 %‘ﬁ'# W I %
500 750 1,000 1,250 1,500 1,750 2,000 2,250
Wavelength (nm)

%r-- sneh_Bands measuredin dl I les_Bands measured in dl - zastavana_plocha_Bands measured in dl | @
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7 | Third party missions

In addition to providing users with data from its own Earth observing (EO)
satellites, the European Space Agency (ESA) has played a significant role
in providing access to Earth Observation missions not under ESA
ownership or operation—referred to as Third Party Missions (TPM). With a
history spanning over 45 years, the TPM program involves a series of
Earth Observation-focused satellites owned by various commercial and
public organizations worldwide. The TPM initiative currently includes over
50 missions, contributing data from more than 60 instruments to support
users engaged in research and development endeavors.

7.1. Access to TPM data

Users have the ability to explore and download Earth Observation (EO)
data from the extensive catalog of missions operated and supported by
the European Space Agency through the ESA EO Catalogue (EO-CAT):

+ https://eocat.esa.int/sec/#data-services-area

User can find here:
e mission, instrument and product news and descriptions;
e collection descriptions;
e data access links;

e information on selected Earth/environmental topics and applications
of satellite data

Data are also accessible through the TPM L-OADS web interface:

For more information, see the lecture: 2. ESA EO Data Access and

Earth Observation data
THANK YOU FOR FOLLOWING THE EXERCISE!
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https://eocat.esa.int/sec/#data-services-area
https://tpm-ds.eo.esa.int/collections/
https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applications_ESA_sensors/Lectures/Lecture_02.pdf

UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 3 - TUTORIAL

Key concepts of remote sensing data processing,
converting DN values to radiance and reflectance,
using SNAP software

UNIVERZITA FUNDED BY EUROPEAN SPACE AGENCY UNDER
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1 | Exercise outline

In this exercise,we will:
e Convert Landsat 8 radiance to reflectance

e (Calculate Land Surface Temperature at the Top of the Atmosphere
(TOA)

e Explore TOA temperatures within the area of interest

@esa @ USTAV GEOGRAFIE S
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2 | Background

2.1 HOW TO CONVERT DNs TO PHYSICAL UNITS

Multispectral sensors usually capture reflected solar energy and rescale
this data into a digital number (DN) - a variable assigned to a pixel,
usually in the form of a binary integer the range of which depends on the
radiometric resolution; e.g. 0-255 (8-bit DNs) for Landsat ETM+. The
Landsat 8 OLI sensor is more sensitive so these data are rescaled into
16-bit DNs with a range from 0 and 65536.

DNs can be used directly for spectral index calculation or land cover
evaluation within a single scene. However, for comparing reflectance
between two or more scenes, it is necessary to convert DNs to surface
reflectance values. DNs do not directly express the values of a physical
quantity. For radiance values, it is necessary to recalculate DN values.

There are a number of spaceborne multispectral sensors to date
providing multispectral data in visible and thermal infrared spectrum
simultaneously. For our purpose of this exercise, we opted for the
Landsat-8 data that provide the highest possible spatial resolution of the
thermal band among the deployed missions on the Earth’s orbit. Also,
there is a favorable temporal coincidence with Sentinel 2 acquisitions
today that can be used for combined approach.

UNIVERZITA
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2.2 Study area and data used

For this exercise, we will use Landsat-8 L1 product (path 187, row 26, 29
September 2023, scene center time 9:26:47 GMT) for the study area of
KoSice City, Slovakia, which was downloaded from the USGS
EarthExplorer website [@https://earthexplorer.usgs.gov/]. It contains
data recorded by two instruments - the Operational Land Imager (OLI)
and the Thermal Infrared Sensor (TIRS) with a spatial resolution of 30
meters for visible, near infrared and short-wavelength infrared bands
(bands 1-7, band 9), 15 meters for panchromatic band 8, and 100 by 30
meters for thermal bands 10 and 11. The data of thermal bands are
resampled to 30 by 30 meter pixels in the L1T product.

< USGS

science for a changing world

EarthExplorer

Search Criteria || Data Sets | Additional Criteria m Search Criteria Summary (Show) Clear Search Criteria

w (ORSTY AET
4. Search Results (49° 46' 01" N. 020° 24' 45"E)  Options &l -+
If you selected more than one data set to search, use the X Ostriaval | gikisko Biala Matopoiskie PodkarpacHi
dropdown to see the search results for each specific data set. S b O V/Givod ship Voivodshiy

|
Show Result Controls - ‘Olomouc

Data Set Click here to export your results » (&'

Zilina
.

| Landsat 8-9 OLI/TIRS C2 L1 v ‘ ¥

« First < Previous |1 of 1 Next, Last» .Trencm Banska
e ¥ Bystrica
Displaying 1-10of 1 2

SLOVAKIA
ID: LC08_L1TP_187026_20230929_20231003_02_T1 it

Date Acquired: 2023/09/29 S Pt g
Path: 187 @ U
Row: 026 ; \ e Miskolc

N Yyadut e ey
d d 5 .

« First < Previous ‘ 1 of 1 Next, Last»

Satu Mare
D

2.3 SNAP - Open and explore product

Open SNAP Desktop, click File — Import - Optical Sensors - Landsat -
Landsat8 in 30m (GeoTIFF) and open downloaded product
LLCO8 L1TP_187026_20230929 20231003 _02_T1“ by double click on
the metadata ,LCO8_L1TP_187026_20230929_20231003_02_T1_MTL
xt" inside the folder (or click on Import Product). The opened product
will appear in Product Explorer window.

B shaP - Import Product X
Look in: LCO8_LITP_137026_20230929_20231003_02_T1 e rji- Eq-

g o Mazov .. Typ polozky Subset...
T_d—-l |=] LCO8_L1TP_187026_20230829_20231003_02_T1_AMG .. Textowy dokument File size: < 1M

D L B 1 C03 L 17P 127026 20230929 20231003 02T MTL RPN R
H - :

Pracovnd plo,., Tl name: LCO8_LITP_187026_20230929_20231003_02_T1_MTL. txt |
A= Files of type! || andsats Data Products in 30m Resolution {GeoTIFF) w Cancel
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Display product using e.g. True color composition: Right click on the
product — Open RGB Image Window - SNAP should automatically select
Landsat-8/9 L1 red,green,blue profile (using Red, Green, Blue band in
the corresponding red, green and blue color channels), resulting in a
natural colored result, that is a good representation of the Earth as
perceived by human eye. User can also explore Landsat-8 bands and
metadata.

B (1] LCos_L1TP_187026_20230929_20231003_02_T1 - [Z:\Pracovnici\onacillovalLCO8_L1TP_187026_20230929_
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Band Maths...
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Add Land Cover Band

v | Group Modes by Type
Open RGB Image Window
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File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- search (Ctrl+])
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3 | Top of Atmosphere Reflectance

3.1 Conversion of DN values to TOA reflectance (without sun angle correction)

First, in SNAP we can display the Landsat-8 OLI band (raster) that we
want to convert to physical units, e.g. Band 4 (Red)
,LCO8_L1TP_187026_20230929_20231003_02_T1_B4". In Product
Explorer window expand Bands within your imported Landsat-8 product -
double click on ,red" (Band 4) to display selected band. We can have also

a look at the raster properties (right click on the raster — Properties).
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OLI sensor data (bands) can be converted to planetary reflectance at the
TOA (Top Of Atmosphere = TOA) using reflectance scaling coefficients
provided in the product metadata file (MTL file). The following equation is
used to convert Level 1 DN values to TOA reflectance for OLI data
without sun angle correction:

pA” = Mp * Qcal + Ap

where:

pA' = TOA Planetary Spectral Reflectance, without correction for solar angle

Mp = Band-specific multiplicative rescaling factor from the metadata
(REFLECTANCE_MULT_BAND_x from the metadata).

Ap = Band-specific additive rescaling factor from the metadata
(REFLECTANCE_ADD_BAND_x from the metadata).

Qcal = Quantized and calibrated standard product pixel value in DN

The needed values to perform the conversion can be found in the Landsat
8 metadata file (LCO8_L1TP_187026_20230929_20231003_02_T1_MTL
.txt) or by expanding and double click on Metadata information in SNAP.
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After substituting the reflectance scaling coefficients provided in the
product metadata file, the equation to convert red band (Band 4) to
planetary reflectance at the TOA will be as follows:

pA’ = 2.0E-5 * red - 0.10000

Now go to Raster — Band Math and enter this expression to Band Maths
Expression Editor.
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Note that pA' is not true TOA Reflectance, because it does not contain a
correction for the solar elevation angle that is left out of the Level 1
scaling at the users' request; some users are content with the scene-
center solar elevation angle in the metadata, while others prefer to
calculate their own per-pixel solar elevation angle across the entire
scene.

Once a solar elevation angle is chosen, the conversion to true TOA
Reflectance (with sun angle correction) is as follows:

pA  _  pA
cos(07) sin(6 )

PA =

where:

pA = TOA planetary reflectance

BSE = Local sun elevation angle; the scene center sun elevation angle in
degrees is provided in the metadata

8SZ = Local solar zenith angle; 8SZ = 90° - BSE

[1] LANDSAT_METADATA_FILE x|

MName Value Type Unit Description
=l IMAGE_ATTRIBUTES
SUN_ELEVATION 37.12231595 floate4

After substituting the local sun elevation angle provided in the product
metadata file (or calculating local solar zenith angle), the equation to
convert red band (Band 4) to true planetary reflectance at the TOA will
be as follows:

PA = pA’/sin(37.12281596)

Now go to Raster — Band Math and enter this expression to Band Maths
Expression Editor.
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4| Top of Atmosphere Radiance

4.1 Conversion of DN values to TOA radiance

Images are processed in units of absolute radiance using 32-bit floating-
point calculations. These values are converted to 16-bit integer values in
the finished Level 1 product. They can then be converted to spectral
radiance using the radiance scaling factors provided in the metadata file.
The equation below is used to estimate TOA radiance:

LA = ML * Qcal + AL

where:

LA = TOA Spectral radiance (Watts/(m2 * srad * um))

ML = Band-specific multiplicative rescaling factor from the metadata
(RADIANCE_MULT_BAND_x from the metadata, where x is the band
number)

AL = Band-specific additive rescaling factor from the metadata
(RADIANCE_ADD_BAND_x from the metadata, where x is the band
number)

Qcal = Quantized and calibrated standard product pixel value in DN

After substituting the variables in equation using provided metadata file,
the equation to convert red band (Band 4) to radiance at the TOA will be
as follows:

LA = 3.3420E-04 * thermal_infrared_tirs_(1) + 0.10000

By default, the S3TBX provides the TOA radiance of Landsat L1 data, but
you can switch to TOA reflectance by specifying a property.
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4.2 TIRS Top of Atmosphere Brightness Temperature

TIRS data can also be converted from spectral radiance (as described
above) to brightness temperature, which is the effective temperature
viewed by the satellite under an assumption of unity emissivity. The
following conversion formula is used to convert TOA radiance to TOA
brightness temperature:

K,

In (%+1)

T =

where:
T = Top of atmosphere brightness temperature (K)
LA = TOA spectral radiance (Watts/(m2 * srad * um))

K1 = Band-specific thermal conversion constant from the metadata
(K1_CONSTANT_BAND_x, where x is the thermal band number)
K2 = Band-specific thermal conversion constant from the metadata

(K2_CONSTANT_BAND_x, where x is the thermal band number)

After substituting the variables in equation using provided metadata file,
the equation to convert thermal band no. 10 (Band 10) to radiance at the
TOA will be as follows:
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 4 - TUTORIAL

Optical remote sensing using ESA Copernicus” data:
Image metadata, image resolution (spectral, spatial,
temporal and radiometric resolution), color
compositions and spectral indices, using SNAP
software
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1 | Exercise outline

In this exercise,we will:

e Gain understanding of image metadata and resolution concepts,
including spectral, spatial, temporal, and radiometric resolution,
and how these aspects influence data quality and usability

e Learn about optical remote sensing using data from the ESA's
Copernicus program. Key focus areas include the types of sensors

and platforms employed, from multi-spectral to hyper-spectral
instruments

e Explore practical examples of wusing Copernicus data for
environmental monitoring and management
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2 | Background

The exercise involves exploring Sentinel data products, specifically
focusing on optical Sentinel-2 imagery of the High Tatras, Slovakia,

obtained from the Dataspace Copernicus Open Access Hub.

Sentinel data products are distributed in a Sentinel-specific variation of
the Standard Archive Format for Europe (SAFE) format, containing
essential information about the imagery. This incdudes metadata, which
provides details such as acquisition time, sensor geometry, and geographic
location. Utilizing SNAP software, users can access and browse this

metadata.

The spatial resolution of satellite imagery, crucial for discerning details on
Earth's surface, varies across bands, with higher resolutions capturing
finer details. Sentinel-2 bands offer different spatial resolutions tailored to
specific features, enabling effective Earth observation. Spectral resolution
refers to a sensor's ability to distinguish between wavelengths, with
Sentinel-2's Multi-Spectral Instrument (MSI) capturing imagery across 13
spectral bands. Radiometric resolution, denoting the level of detail
encoded in each pixel, is vital for discerning subtle variations in energy.
Sentinel-2 boasts a radiometric resolution of 12 bits per pixel, enhancing
its capacity for precise data capture. Temporal resolution, dictating how
frequently a satellite revisits and captures images of the same area, is
significant for monitoring environmental changes over time. Sentinel-2
satellites provide a combined revisit time of approximately 5 days,

facilitating timely responses to dynamic environmental conditions.

Additionally, the exercise involves creating colour compositions and
spectral indices like NDVI from the Sentinel-2 product to assess vegetation
health. This comprehensive approach enables users to gain insights into
Earth's dynamics and environmental parameters for various applications,

including precision agriculture and disaster monitoring.
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3 | Image metadata

Sentinel data products refer to a directory folders that contain a collection
of information and are distributed using a Sentinel-specific variation of the
Standard Archive Format for Europe (SAFE) format specification. It
includes:

« A product metadata file in XML format, detailing the physical structure
and content of the product (e.g. MTD_MSIL2A).

+ A manifest.safe file, which contains general product information in XML
format.

« A DATASTRIP subfolder containing information at the datastrip level.

« A GRANULE subfolder containing image data (granules/tiles) in
JPEG2000 format, along with quality indicators such as quality masks
and reports.

« An AUX_DATA subfolder containing auxiliary files that may be embedded
in the product.

« A rep-info subfolder containing XSD schemas describing the product
components.

« An INSPIRE XML file, which is a metadata file based on the INSPIRE
Metadata regulation.

« An HTML subfolder containing a product presentation file for easy
display of the main content of the product.

AUX_DATA Processing parameters...
(optional)
Metadata
DATASTRIP DATASTRIP 1 QC check reports ey

Metadata XML

GRANULE GRANULE 1 Auxiliary data
Quality Indicators data  XML/JP2
QCcheck reports  yuq

S2 PRODUCT Image data

HTML
xfdu
rep_info XML schema definition
INSPIRE
XML
manifest.safe

XML

Product metadata
XML
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Navigate to the folder for this exercise and take a look at the structure of
the Sentinel-2 product yourself.

- 52A_MS5IL2A_20220519T0S4041_NS999_RO36_T34UDV_20230103T005623.5AFE

DATASTRIP
GRAMULE
rep_info
& [MN5SPIRE
|| manifest.zafe
— e MTD_MSIL2A
@ 52A_MSILZA_20220519T094041_N%999_RO36_T34UDV_20230103T005625-ql

Metadata, as commonly understood, refers to "data about the data." In
the context of satellite imagery, metadata refers to the information
describing these images, including details such as the time of acquisition,
the geometry of the sensor at that time, the specific geographic location
depicted in the image.

Double-click on ,MTD_MSIL2A" file inside Sentinel-2 product to open it
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3.1. SNAP - Open and explore product
We can also open the metadata using SNAP software and browse them.
For this exercise, we will use Sentinel-2 L2A image of the High Tatras,
Slovakia, downloaded from the Dataspace Copernicus Open Access Hub
[@https://dataspace.copernicus.eu/].

On the Copernicus dataspace website, metadata can be found next to
each searched product. Clicking on the information icon displays a more
detailed preview of each product

‘ opernicus EN v  Katarina Onacillova v ¢

VISUALIZE SEARCH

3 lessegnorondy ilfp
Showing 19 results Rzl ) AL niberdttitty Byl

S2A_MSIL2A_20220519T094041_N9999_R036_T34UEV_
20271227T230336 SAFE

Mission: SENTINEL-2 Instrument: MSI  Size: 1214MB
Sensing time: 2022-05-19T09:40:41.024Z
T  SENTINEL2 MSI  S2MSi2A

A_MSILZA_202205191094047_]
20220519T140711.SAFE
Mission: SENTINEL-2 Instrument: MS|
Sensing time: 2022-05-19T09:40:41.024Z
773 SENTINEL-2 MSI  S2MSI2A 0O BX |

S2A_MSIL2A_20220519T094041_N9999_R036_T34UCU_
20230102T234839 SAFE

Mission: SENTINEL-2  Instrument: MSI  Size: 1151MB
Sensing time: 2022-05-19709:40:41.024Z
3| SENTINEL2 mMsI s2Msi2A 0o BX

o PRSI HLGEH [S201004
D ( opermicus  Eesa Leaflet | ® OpenStreethap contributors - Disclaimer, © Sentinel Hub.
T BIY) © MapTiler© O i

S2A MSIL2A_20220519T094041_N9999_R036_T34UEV_
20221227T230336.5AFE

Mission: SENTINEL-2  Instrument: MSI
Sensing time: 2022-05-19T09:40:41.0247
SENTINEL-2 M35l 52MSIZA

Size: 1214MB

Metadata
information
PRODUCT INFO
ATTRIBUTES PREVIEW
Summary A
N S2A_MSIL2A 20220519T094041_N9999_R036_T34UEV_20221227T23
0336.SAFE
Size: 1214MB
Sensing time: 2022-05-19709:40:41.024Z

Platform short name: SENTINEL-2

Instrument short name: MS|

Product v

Instrument v
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Open SNAP Desktop, click Open Product and open downloaded product
(unzipped) by double click on the metadata ,MTD_MSIL2A.xmI" inside
the folder. The opened products will appear in Product Explorer window.

S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625.SAFE

To access the metadata information within the product, double-click on the
product in the Product Explorer to reveal the directories — open Metadata
direcory — select Level-2 User Product by double click on it, so it opens in
a new window. Explore the basicinformation on image product.

Product Explorer X — || [1] Level-2A_User_Product X visl =
- [1] S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625 || Name Value e ... &l 5
- <
= a
& Metadata |=) General_Info Az
SN i Ml evel-2A_User_Product g
# @) General_Info =l RO 8
1+ @) Geometric_Info % Datatake &
#+- @) Auxiiary_Data_Info # Query_Options
=
# @) Quality_Indicators_Info # Product_Organisation =
7§ Level-2A_DataStrip_ID ) 3
PRODUCT_START_TIME 2022-05-19T09:40:41.024Z ascil =
i &) Granules =
‘ D Index Codings PRODUCT_STOP_TIME 2022-05-19T09:40:41.024Z asdii é
+ G Vector Data PRODUCT_URI S2A_MSIL2A_20220519T09404 asdii [}
#-[@ Tie-Point Grids PROCESSING_LEVEL Level-2A asdii
4@ Bands PRODUCT_TYPE SIMSI2A asdii
- (33 Masks
PROCESSING_BASELINE 99.99 asdii
Colour Manipu...| Navigation - [3]... | Layer Editor World Map PRODUCT_DOI https: //doi.org/10.5270/52_-zn ascii
3 o GENERATION_TIME 2023-01-03T00:56:25.57581Z  asdii
PREVIEW_IMAGE_URL Not applicable ascil
PREVIEW_GEO_INFO Not applicable asdii

=1 Product_Image_Characteristics

+| Special_Values

To obtain information on granules, e.g. sensing time, projection,
coordinates, etc. Visualize also granules for the tile.

Product Explorer X — || [1] Level-2A_User_Product X‘ [1] Level-2A_Tile_34UDV X o =
=& [1]S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625 || Name Value Type |1 & 5
-z Metadata o
?0 Level-2A_User_Product 8| Archiving_Info & ?g‘
4@ Level-2A_DataStrip_ID LIC_TILE_ID S2A_OPER_MSI_L1C_TL_ATOS_20220519T asci &
5@ Granules TILE_ID S2A_OPER_MSI_L2A_TL_CREO_20230103T ascii -
+- @) Level-24_Tile_34UDV DATASTRIP_ID S2A_OPER_MSI_L2A_DS_CREO_20230103T asdii o
: g ilii:r?:t:‘gs DOWNLINK_PRIORITY NOMINAL asi g
+ G Tie-Point Grids SENSING_TIME 2022-05-19T09:47:03.957429Z asdil ;
+#- (@3 Bands |=) Geometric_Info g
+- (@3 Masks = Tile_Geocoding 2
+ Size
+ Size
+ Size
Colou(Manipu... Navigation - [3]...  Layer Editor World Map # Geoposition
. +/ Geoposition
+ Geoposition
metadatalevel Brief asdii
HORIZONTAL_CS_NAME WGS84 / UTM zone 34N asdii
HORIZONTAL_CS_CODE EPSG:32634 asdii v
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4 | Image resolution

Resolution influences the usability of data collected by a sensor, and it can
differ based on factors such as the satellite's orbit and sensor
configuration. When evaluating a dataset, it's important to consider four
types of resolution: spatial, spectral, radiometric and temporal.

Spatial resolution
Spatial resolution is defined by the size of each pixel within a digital image
and the area on Earth’s surface represented by that pixel.

For instance, most bands captured by the Moderate Resolution Imaging
Spectroradiometer (MODIS) possess a spatial resolution of 1 km, with each
pixel representing a ground area of 1 km x 1 km. Additionally, MODIS
includes bands with finer spatial resolutions of 250 m or 500 m. A lower
number indicates a finer resolution, allowing for greater detail to be
discerned. In the provided image, you can observe the variance in
pixelation between a 30 m/pixel image (left), a 100 m/pixel image
(center), and a 300 m/pixel image (right).
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To check the spatial resolution of the Sentinel-2 bands, open Metadata
direcory - select General info under Level-2 User Product by double click
on it, so it opens in a new window. Go to Product Image Characteristics -
Spectral Information and have a look at spectral wavelenghts and
resolutions of individual bands.

Product Explorer X - [ [1] General_Info X v O =]
& [1] S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625 | | Name Value Type  Unit Desaript... (%] &
5.E o
Q Metadata [# Product_Info Al z
=@ Level-2A_User_Product d o )
|=! Product_Image_Characteristics @
# ) General_Info &
- @) Geometric_Info # Spedal_Values
@) Auxiiary_Data_Info + Special_Values N
- @) Quality_Indicators_Info 7 Image_Display_Order ;
#- ) Level-2A_DataStrip_ID g
4/ QUANTIFICATION_VALUES_LIST =
#-@) Granules z
41 ©2 Index Codings # BOA_ADD_OFFSET_VALUES_LIST H
+- (33 Vector Data # Reflectance_Conversion ]
- (@ Tie-Point Grids =l Spectral_Information_List
40 Bands = Spectral_Information
- (3 Masks
= Wavelength
MIN 412 asdii

Colour Manipu...| Navigation - [3]... | Layer Editor World Map MAX 456 ascii
3 CENTRAL 442.7 asdi
4 Spectral_Response

bandId 0 asdii
physicalBand B1 asdii
RESOLUTION 60 asdii

+ Spectral_Information

The spatial resolution of Sentinel-2 bands varies depending on the specific
spectral band. Sentinel-2 offers a variety of spectral bands with different
spatial resolutions:

NIR SWIR
4 4 ¥
B1 . By
AerDS(IS \ﬂ!,:’aler— .rapu- Ir
6om  § T ———]
i B5 B'l’ Bs#\ | SnOL"_' ICE_:l cloud dlsErlml_r,::tloné
. - B | vegetdtion
0m | [ Redenoe . .
|_}
ot |l I l
' B2B3 B4 B8’
400 60 Boa 1000 1200 1400 1600 1300 2000 2200 2400
nm nm nm nm nm nm nm nm nm nm nm

Figure 1: MSI| Spectral-Bands versus Spatial Resolution

The different spatial resolutions of Sentinel-2 bands serve specific purposes
and are determined based on the requirements of different applications
and the characteristics of the Earth's surface.
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To explore the spatial resolution of the Sentinel-2 bands, you can visualize
individual bands - you can open e.g. B4 (10m spatial resolution), BS8A
(20m spatial resolution), B9 (60m spatial resolution) by double-click on
each of these bands in Bands folder. Then, tile windows Horizontally and
zoom into the image to see different spatial resolutions.

Product Explorer X —‘ @ s [ v O @18 X|[Te Horizontall =
Sl - M Lo =

B 51 (443.0nm) i . t 4 2

B 52 (430.0nm) ; B B =

3

&

2

B 83 (560.0nm)
B B4 (665.0nm)
B 85 (705.0 nm)
B 86 (740.0nm)
B s7(783.0nm)
B 88 (842.0nm)
[ 88A (865.0nm)
B 89 (945.0nm)
@ B11(1610.0nm)
B 812 (2190.0nm)
£ MER. ocle . : .
Colour M...| Navig... X | Layer Edi... World Map

1abeuey ysep Q.I

| 1:5.35 » I 0°

172 XXX Ine

>
=<
!

-
o
&
-
o
- |
i

Zoom -- Level - Pixel Spading: -m —-m

It's important to note that the spatial resolution of each band determines
the level of detail captured in the imagery, with higher spatial resolutions
providing finer details.

The spatial resolution of Sentinel-2 bands varies to optimize the sensor's
ability to capture specific features on the Earth's surface, with higher
resolutions (e.g., 10 meters per pixel) suited for detailed features like
urban areas, and lower resolutions (e.g., 60 meters per pixel) for broader-
scale observations. Trade-offs between spatial resolution and factors like
spectral range and cost are necessary due to design limitations, balancing
the sensor's capabilities to provide comprehensive Earth observation data.
Despite the complexity and cost associated with higher resolutions,
Sentinel-2's diverse spatial resolutions enable it to meet various Earth
observation needs effectively.
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Spectral resolution

Spectral resolution refers to a sensor's capacity to distinguish between
finer wavelengths, typically achieved by having more and narrower bands.
Many sensors are classified as multispectral, featuring 3-10 bands, while
others, known as hyperspectral sensors, offer hundreds to even thousands
of bands. The narrower the wavelength range for a specific band, the
higher the spectral resolution.

* Pixel (xi, yi)

* Pixel (xi, yi)
>
= 2
T g
g f/\ £ ‘
] — I ‘
Wavelength Wavelength
Hyperspectral imaging (HSI) Multispectral imaging (MSI)

Sentinel-2 satellites have a multispectral instrument called the Multi-
Spectral Instrument (MSI) that captures imagery in 13 spectral bands,
ranging from visible to near-infrared and shortwave infrared wavelengths.

Sentinel-2 Bands Central Wavelength (um) Resolution (m)
Band 1 - Coastal aerosol 0.443 60
Band 2 - Blue 0.490 10
Band 3 - Green 0.560 10
' Band 4 - Red 0.665 10
Band 5 - Vegetation Red Edge | 0.705 20
Band 6 - Vegetation Red Edge | 0.740 20
Band 7 - Vegetation Red Edge | 0.783  20
Band 8 - NIR 0.842 10
' Band 8A - Vegetation Red Edge | 0 865 20
Band O - Water vapour 0.045 60
Band 10 - SWIR - Cirrus 1375 60
' Band 11 - SWIR 1610 20
Band 12 - SWIR 2190 20
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Spectral resolution

To check the spatial resolution of the Sentinel-2 bands, open Metadata
direcory - select General info under Level-2 User Product by double click
on it, so it opens in a new window. Go to Product Image Characteristics -
Spectral Information and have a look at spectral wavelenghts of individual

=) Level-2A_User_Product

# ) General_Info

i @) Geometric_Info

@) Auxiiary_Data_Info

- @) Quality_Indicators_Info
#- ) Level-2A_DataStrip_ID

Product Explorer X = [ [1] General_Info X | vohg
=-& [1] S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625 | | Name Value Type  Unit Descript... %] &
e a
&3 Metadata [# Product_Info Gli=

3

&

Q

[]

|=) Product_Image_Characteristics
Spedal_Values

Spedial_Values
Image_Display_Order
QUANTIFICATION_VALUES_LIST

F B R R E

1abeuely ysel iy

#-@) Granules
- @2 Index Codings BOA_ADD_OFFSET_VALUES_LIST
- (@3 Vector Data Reflectance_Conversion
+-(3 Tie-Point Grids =l Spectral_Information_List
: g i:;:z =1 Spectral_Information
=| Wavelength
MIN 412 asdii
Colour Manipu... Navigation - [3]... | Layer Editor World Map X — MAX 456 asdi
CENTRAL 442.7 asdii
+ Spectral_Response
bandId 0 asdii
physicalBand B1 asdii
RESOLUTION 60 ascil

+ Spectral_Information

The spectral resolution of these Sentinel-2 bands ranges from 10 to 60
meters. This means that the sensors can differentiate between different
wavelengths of light within these ranges. This high spectral resolution
allows for the characterization of various features on the Earth's surface,
such as vegetation health, land use and land cover, water quality, and
more. Additionally, the combination of high spectral and spatial resolution
in Sentinel-2 data makes it valuable for a wide range of applications in
agriculture, forestry, environmental monitoring, urban planning, and
disaster management.

Rigth click on the Sentinel-2 product to open RGB Image Window - select
Sentinel 2 MSI Natural Color composition. Double dick on the individual
bands to visualize it. Tile Windows Horizontally and zoom in to explore in
detail.
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Visualize the bands to understand their common applications — double-dick
on each individual band to View it in the new window:

Near Infrared (NIR) band (Band 8) is highly sensitive to chlorophyll
content in vegetation, making them useful for monitoring vegetation
health, estimating biomass, and detecting changes in plant vigor. It can be
also used to detect and analyze urban heat islands, as urban areas often
have different thermal properties than surrounding natural environments.

Red, Green, and Blue bands (Bands 2, 3, and 4) are commonly used
for traditional RGB (Red-Green-Blue) imaging, which allows for visual
interpretation and classification of different land cover types.

Coastal Aerosol band (Band 1) is particularly sensitive to changes in
water turbidity and sediment concentrations in coastal regions, making it
useful for monitoring water quality.

Shortwave Infrared (SWIR) bands (Bands 11 and 12) along with NIR
band are sensitive to changes in snow and ice reflectance and can be used
to monitor snow cover extent, snow melt, and ice dynamics.

Red Edge bands (Bands 5, 6, and 7) are sensitive to changes in
chlorophyll content and leaf structure, making them useful for detecting
vegetation stress caused by factors such as disease, drought, or nutrient
deficiency.

Product Explorer X -_—
B 83 (s60.0nm) A

1abeueyy Jaie] [m

B 84 (665.0nm)
@ 55 (705.0nm)
@ ss (720.0nm) ,

1abeuepy) ysel

o wELemS ||

1:203.16 )°

X —-Y - Lat - Lon - Zoom -- Level - Pixel Spacing: --m --m
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Radiometric resolution

Radiometric resolution refers to the level of detail encoded in each pixel,
specifically, the number of bits used to represent the recorded energy.
Each bit corresponds to an exponent of power 2. For instance, an 8-bit
resolution equals 278, offering 256 potential digital values (ranging from 0O
to 255) to capture information. Consequently, higher radiometric resolution
provides a greater range of values to store data, enhancing the ability to
discern even minor differences in energy. For example, in assessing water
quality, radiometric resolution is crucial for distinguishing subtle variations
in ocean color.

The radiometric resolution of Sentinel-2 refers to the ability of its sensors
to capture and represent the intensity of electromagnetic radiation (light)
across its spectral bands. Sentinel-2 has a radiometric resolution of 12 bits
per pixel.

A 12-bit radiometric resolution means that each pixel in the imagery
captured by Sentinel-2 can represent 2712 (4096) different levels of
brightness or intensity. This high radiometric resolution allows for the
detection of subtle variations in reflectance across the Earth's surface,
which is crucial for applications such as land cover classification, vegetation
monitoring, and change detection.

23
*Detailed landscapes
appear homogeneous ., |

2-bit (4 values) 4-bit (16 values) 8-bit (up to 256 values)
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Temporal resolution

The temporal resolution of satellite refers to how frequently the satellite
revisits and captures images of the same area on the Earth's surface.
Sentinel-2 satellites operate in a polar sun-synchronous orbit, which means
they pass over the same area at approximately the same local solar time
on each orbit.

Polar orbiting satellites have a temporal resolution that can vary from 1
day to 16 days. For example, the MODIS sensor aboard NASA's Terra and
Aqua satellites has a temporal resolution of 1-2 days, allowing the sensor
to visualize Earth as it changes day by day. The Operational Land Imager
(OLI) aboard the joint NASA/USGS Landsat 8 satellite, on the other hand,
has a narrower swath width and a temporal resolution of 16 days; showing
not daily changes but bi-monthly changes.

Today, Sentinel-2A and Sentinel-2B provide a combined revisit time of 5
days at the equator with a 10-day revisit time at higher latitudes. This
means that for any given location on the Earth's surface, Sentinel-2
captures imagery approximately every 5 days, on average. However,
frequent cloud cover or other atmospheric conditions may affect the
availability of cloud-free imagery. The frequent revisit time of Sentinel-2
data is valuable for monitoring changes in land cover, vegetation dynamics,
and other environmental parameters over time, allowing for timely
responses to natural disasters, agricultural monitoring, and other
applications that require up-to-date information about the Earth's surface.

Sentinel-2 Constellation Observation Scenario:
Revisit Frequency

&Y sentinel-2

Validity start: June 2022

¥ 5 days
10 days
[7 10 days access from alternated tracks

UNIVERZITA

@ cSa &{{’E_‘I USTAV GEOGRAFIE PAVLA JOZEFA SAFARIKA

V KOSICIACH




5| Color compisitions and spectral indices

5.1 Color compositions

Satellites equipped with sensors observe Earth's surface by measuring the
electromagnetic radiation reflectced or emitted from it. These sensors,
known as multispectral sensors, capture data across various regions of the
electromagnetic spectrum simultaneously, incduding visible light, near-
infrared, and short-wave infrared. Each portion of the spectrum measured
by a sensoris referred to as a band, typically defined by its wavelength.

Multispectral images can be viewed either as single-band grayscale images
or as color composite images, combining information from three bands at a
time. These three bands correspond to the primary colors of light: red,
green, and blue. Computer screens can display images by representing
each band with a different primary color, enabling the creation of color
composite images by combining these three separate images.

ey, R

Natural or True Color Composites

A natural or true color composite combines visible red, green, and blue
bands to resemble what would be observed naturally by the human eye.
This composite replicates natural appearances, with vegetation appearing
green, water as blue to black, and bare ground and surfaces in light grey
or brown tones. While favored for their natural color representation, true
color compositions may lack contrast and clarity due to atmospheric blue
light scattering, making subtle features challenging to discem.

False Color Composites

False color images are a representation of a multi-spectral image produced
using bands other than visible red, green and blue as the red, green and
blue components of an image display. False color composites allow us to
visualize wavelengths that the human eye can not see. Using bands such
as near infra-red increases the spectral separation and interpretability of
the data. There are many different false colored composites which can
highlight many different features. See the heading below for more
information about common band combinations forfalse color composites.
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To display product using e.g. True color composition: Right click on the
product — Open RGB Image Window - SNAP should automatically select
Landsat-8/9 L1 red,green,blue profile (using Red, Green, Blue band in
the corresponding red, green and blue color channels), resulting in a
natural colored result, that is a good representation of the Earth as
perceived by human eye. User can also explore Landsat-8 bands and

w [1] subset_0_of_S24_MSILZA_20220519T024041_N9999_R036_T34UDV_20230103T003625 - [C:\Users\Onadillova\Desktop\ESA_EMEUM\exercise_1\subset 0_of_S2A_MSILZA_20220519T024041_MN9999_R0O36_T34UD... — ] X
dle Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help

<

DA S JPILQ[TAnUORBRRFEIIBELASEAET » 0 A AXNTRy i+

Product Explorer < | Pixel Info f,‘-«
2= W (1] subset_0_of S2A_MSIL2ZA_20220519T094041_N9999_RO36_T34UDV_20230103T005625 =
Band Maths... g
¥ | Group Nodes by Type
T — €= Openimage as RGB color composition -
Open H5V Image Window K
Close Product §
Close All Products g
E Select RGB-Image Channels * E Select RGB-lmage Channels x
Profile: Profile:
?53”1]'”@| 2 M5I Matural Colors v &3 E E_“E Sentinel 2 MSI Natural Colors ~ | & [IEl EEE
Sentinel 2 MSI Matural Colors
Red: B4 | e Sentinel 2 MSI False-color Infrared d
Green: |B3 - Sentingl 2 MSI Atmospheric penetration o
Blue: |B2 | s Blue: |BZ w
(] store RGE channels as virtual bands in current product [[] store RGB channels as virtual bands in current product
Cancel Help Cancel Help
Display image in Natural Colors Open image in False Colors or open as
(as seen by human eye) an Atmpospheric penetration image

| 4
| O

[1] Sentinel 2 MSI Natural Colors RGB X |

Ateaqr pnpoid 1
Aleigr pnpoid

rabeuely ahe7 ({}
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To display multiple options of color compositions, it is necessary to
resample the data to the same spatial resolution.

Navigate to the Main Menu: Raster - Geometric - Resampling

In the I/O Parameters tab select the source product and set the name for
the target product

In the Resampling Parameters set B2 as the band used to resample all
other bands of the product and click RUN.

E Resampling X
File Help

E Resampling X
File Help

1/O Parameters  Resampling Parameters 1/O Parameters Resampiing Parameters

Source Product
Define size of resampled product

Name:
[1] S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625 W || Leee O): B2 D
Resulting target width: 10980
Target Product Resulting target height: 10980
Name: (O By target width and height: Target width
S2A_MSIL2A_20220519T034041_N3993_R036_T34UDV_20230103T005625_resampled Target height:
[JSave as: |BEAM-DIMAP Width /[ height ratio: 1.00000
Directory () By pixel resolution (in m): 20
C:Wsers\UGE\Documents Resuting target width: 5490
Open in SNAP Resulting target height: 5490

Define resampling algorithm

Upsampling method: Nearest ~
Downsampling method: First v
Flag downsampling method: First v

[[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

E Select RGB-Image Channels

Right click on the resulted product

in the Product Explorer tab - Open Profile:
RGB Image Window. Now that we ”'“”"“ i
enanel atural Colors
have resampled a” bandS tO the Sentinel 2 MSI False-color Infrared
. . . . Sentinel 2 MSI False-color Urba
same spatial resolution, it s ot 2Nl Acdire
possible to create many more color Sentinel 2 MSI Atmospheric penetration
L. Sentinel 2 MSI Healthy Vegetation
compositions. Sentinel 2 MSI Land/Water
Sentinel 2 MSI Natural with Atmospherical Removal v
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4.2 Spectral indices

Radiometric spectral indices are quantitative measures of features that are
obtained by combining several spectral bands, features that are not
otherwise obvious if using only one band. there are many others developed
for specific applications and environmental parameters.. The indices
provided with Sentinel-2 Toolbox, detailed below, are grouped into three
categories:

- Vegetation indices
- Soil indices
- Waterindices

These are commonly used spectral indices:

« Normalized Difference Vegetation Index (NDVI) is calculated from
the red and near-infrared bands of satellite imagery and is widely used
to assess vegetation health, biomass, and photosynthetic activity.

 Normalized Difference Water Index (NDWI) is calculated using the
green and near-infrared bands and is used to detect the presence of
water bodies and monitor changes in water content in vegetation.

* Normalized Burn Ratio (NBR) is used to detect and assess the
severity of burned areas after wildfires by comparing near-infrared and
shortwave infrared bands.

Let s create, e.g. NDVI from our Sentinel-2 product:

The Normalized Difference Vegetation Index (NDVI) algorithm exploits the
strength and the vitality of the vegetation on the earth's surface. It is
calculated from the visible and near-infrared light reflected by vegetation.

Even if it is an old and dassic method it is still much used to estimate the
health of green vegetation and post processed high definition images for
precision agriculture.

« Vegetation has high NIR and low Red reflectance

Other land cover have NIR and Red which are much close together
vegetation from 0.3 to 0.8, depending on health/intensity

water (sea, lakes, rivers) low positive or even negative

bare soil low positive values from 0.1 to 0.2

(NIR —Red) (Bs— B4)
, : NDVI = =
41-0  0-033 033-066 066-1 (NIR + Red) (Bs+ Bs)

Dead Plantor Unhealthy Plant Moderately Very
Inanimate Object Healthy Plant Healthy Plant
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Navigate to the Main menu - Optical = Thematic Land Processing -
Vegetation Radiometric Indices — NDVI Processor

B novi % NDvI *

File Help File Help

1/O Parameters Processing Parameters 1/O Parameters Processing Parameters

Source Product Red factor:

: 1.0
source:
[2] S2A_MSIL2A_20220519T094041_N9993_R036_T34UDV_20230103T005625_resampled ~ ... NIR factor: 1.0
Red source band: |B4 v
Target Product NIR source band: B8 v
Name:

S2A_MSIL2A_20220519T094041_N9999_R036_T34UDV_20230103T005625_resampled_ndvi

[] save as: BEAM-DIMAP

m

Open in SNAP

Close Close

User can also use Band Maths option to create vegetation indices:
» Select the subset product in the Product Explorer window.
* Click on ‘Raster’ - '‘Band Maths...

In the pop-up window set up the parameters as shown in the Figures:
Change the Name: ‘NDVI’

Unselect ‘Virtual’ box
Click on ‘Edit Expression..

Create your expression using ‘@’ and after replace them with the bands
(@-@)/(@+ @)
(B8 - B4) / (B8 + B4)

Click on ‘OK’ and ‘Run’

4 Band Maths x 8 Band Maths Expression Editor *
Target product:
Data sources: Expression:
[3] subset_0_of_S2A_MSIL2A_20220526T110631_N0400_R 137_T30TVK_20220526T172117_resampled o " BE. B4V(Ba+ BA
+ - +
Mame: MNDWVI = @-2 ( n )
Description: = @-a@
Unit: =
B4 e‘e
Spectral wavelength: 0.0 8BS @@
[ Virtual (save expression only, don't store data) BE @)
)
Replace NaM and infinity results by NaN BT
Constants. . ~
Generate assodated uncertainty band B8 - 7
erators...
Band maths expression: Show bands E
Functions...
Show masks
Show tie-point grids -
Load... Save... Edit Expression... | Chow single R . Ok, no errors.
oK Cancel Help ok || cancel Help
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To explore the final NDVI layer values of the Sentinel-2 product: double-
click on the NDVI layer in Bands folder. Then, you can select in the Colour
manipulation tab one of the palettes to visualize the resulted raster better.

Product Explorer X — ||E8 BIndvi x| vOg
- (3 Flag Codings A | 4 5 Lo
+- (@3 Vector Data
- (3 Tie-Point Grids
&3 Bands

B ndvi
i B ndvi_flags
- [C3 Masks v

Colour... X Navigation...‘LayerEditor World Map —

1aBeue ) sl

~
Editor: (@) Basic (O Sliders () Table @
Scheme Logyg
--none -- v lﬁ'
&)
Palette =
derived from meris_pressure 3
. ¢
[[] Load exact values Reverse
v

Explore the NDVI values on the image:

NDVI values typically range from -1 to 1, although in practice, they often

fall within a narrower range, typically from -0.1 to 0.9. Here's what these

values generally represent:

* Negative Values (-1 to 0): usually indicate non-vegetated surfaces such
as water bodies, barren land, or built-up areas. These surfaces absorb
more visible light and reflect less near-infrared light.

« Values Around Zero (0 to 0.1): Values close to zero represent surfaces
such as bare soil, rocks, or urban areas with sparse vegetation cover.
They reflect similaramounts of visible and near-infrared light.

* Low Values (0.1 to 0.3): Low positive values indicate areas with sparse
or stressed vegetation cover, such as shrublands, savannas, or recently
harvested fields.

« Moderate Values (0.3 to 0.6): Moderate positive values typically
represent healthy vegetation, including grasslands, forests, and
croplands with good vegetation cover.

* High Values (0.6 to 0.9): High positive values correspond to dense and
vigorous vegetation cover, such as dense tropical rainforests or highly
productive agricultural fields.

For more mformatlon see the lecture: i._ijJ_caJ_Lemoje_s_enﬂng_usmg

THANK YOU FOR FOLLOWING THE EXERCISE!

@esa @ USTAV GEOGRAFIE PR ozt S



https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applications_ESA_sensors/Lectures/Lecture_04.pdf

UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 5 - TUTORIAL

Basics of Radar Remote Sensing - data processing,
using SNAP software
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1 | Exercise outline

In this exercise,we will:
e Learn the basic physics of SAR interferometry

e Perform necessary data processing for making an interferogram

Understand the information content in SAR interferometric images

(O
‘J["-"-’“UUH“ Chichaous
Essaouira

=©
. - /
G meenite ‘#
celdhgreke

®
© ; laroudant
‘Agadir

Ground displacements
(cm)

e — |
o -20 0 20

Morocco earthquake deformation
Source: contains modified Copernicus Sentinel data (2023), processed by
Aristotle University of Thessaloniki and the DIAPASON InSAR service of CNES

integrated by TRE Altamira on the Geohazard Exploitation Platform GEP/ESA.
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2 | Background

Deformation Mapping and Change Detection using Sentinel-1 data

Satellites constantly monitor MOROCCO \sumsmn
EARTHQUAKE PLATE
Earth from space, providing vital || .. 202 \
Date: September 8, 2023 ATLANTIC ‘ g
Location: 31.073° N 8.407° W OCEAN Rabatg \_,/A—.ﬁ«
data essential for rapid damage || Petizincizm | cuauna, .
ElJadidag
. Perceived shaking oSettat
assessment and disaster % -
management. The radar on || = .. o Ll SR
®  epicentre 2 B 7 _.’-’11"" G Q=
board the Copernicus Sentinel-1 IR @ MOROCCO
o Agadire”
mission can detect ground ||  lilo” oo
conditions and penetrate clouds, | @& AFRICAN :Lcm::\
(SPAIN) g v B mi
fu nCtl O n | ng d a y a n d n i g ht . ® Encyclopadia Britannica, Inc,

One of the mission's primary functions is to regularly monitor subtle
alterations in the Earth's surface elevation. During an earthquake event,
surface changes are notably more conspicuous compared to gradual
movements such as subsidence or uplift. These radar images enable
scientists to meticulously observe and analyze the specific impacts of

earthquakes on the Earth's land surface.

On Friday 8 September 2023, the powerful 6.8 magnitude earthquake
struck the Atlas Mountains, about 75 km from Marrakech. Tragically, the
earthquake resulted in a significant loss of life, widespread building and
home collapses, and the blockage of roads. Its impact extended to the

extent that buildings even swayed on the country's northern coast.

In response to the Moroccan earthquake, the Copernicus Emergency

Mapping Service was mobilized to facilitate the exchange of satellite data.
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2.1 Study area and data used

For this exercise, we will use two Sentinel-1 SLC images of the same area
near Marrakech, Morocco, downloaded from the Dataspace Copernicus
Open Access Hub [@https://dataspace.copernicus.eu/].

PN

OPEMICUS 1 - Nates ot - € ‘»'3 3 3

SEARCH CRITERIA

DATA SOURCES:

B senmmecs
c3an

EHEODNAN

2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open 2 downloaded products
by double click on the zipped folders. The opened products will appear in
Product Explorer window.

S1A_IW_SLC__1SDV_20230830T062919_20230830T062946_050101_06076B_20BE.SAFE.zip
S1A_IW_SLC__1SDV_20230911T062920_20230911T062947_050276_060D5E_D10D.SAFE.zip

To access the information within the product, double-click on it to reveal
the directories, which include:

+ Metadata: containing parameters pertaining to orbit and data.

« Tie Point Grids: providing interpolation data for latitude/longitude,
incidence angle, etc.

* Quicklooks: presenting a visible image of the entire scene in radar
coordinates.

« Bands: consisting of complex values for each subswath "i" and "q",
along with intensity (where intensity represents the squared amplitude
and functions as a virtual band).

Select intensity image for swath IW1 VV - double click on it to View it
Note: Each SAR image is flipped north—south it maintains the same
orientation as its acquisition (in this case, ascending track).
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3.2 Coregistration

Image coregistration is the process that involves aligning two or more
images geometrically, ensuring that corresponding pixels depict the same
area on the Earth's surface. While orbit state vectors alone can suffice to
coregister images, for precise offset tracking, additional data from a digital
elevation model (DEM) is necessary to enhance coregistration accuracy.

Navigate to Main Menu - Radar - Coregistration —=S1 TOPS Coregistration -
S1 TOPS Coregistration

In the Read tab, select the 20230830 SLC product and in the Read(2) tab
select the 20230911 SLC product

In TOPSAR-Split and TOPSAR-Split(2) tabs select Subswath: IW1
Polarizations:VV

In the Apply Orbit File tab select leave default parameters and uncheck ,, Do
not fail if new orbit is not found" option

In the Write tab, select the directory to save your processing outputs

@& 5-1TOPS Coregistration Y

Read Read(Z) TOPSAR-Split TOPSAR-Split(Z) Apply-Orbit-File Apply-Orbit-File(2) Back-Geocoding Wirite

Source Product

MName:
[2] S1A_TW_SLC_ 15DV _20230911T062920_20230911T062947_050276_06005E_D100 v
Data Format: Any Format e

Advanced options

@ S-1TOPS Coregistration X

Read Read(2) TOPSAR-Split TOPSAR-Split(2) Apply-Orbit-File Apply-Orbit-File(2) Back-Geocoding Write

[subswath: g1 A%
Polarisations: VH
Bursts: 1 to 9 (max number of bursts: 9)

o ) £1

¢

Read Read(Z) TOPSAR-Split TOPSAR-Split(z) Apply-Orbit-File apply-Orbit-File(?) Badk-Geocoding Write

Orbit State Vectors: | Sentinel Predse (Auto Download) v
Palynomial Deagree: 3

Do not fail if new orbit file is not found

UNIVERZITA
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3.3 Forming a Raw Interferogram

The next phase of interferometry involves generating an interferogram
using the coregistered SLC images. To do this, follow these steps:

From the main menu bar, go to Radar - Interferometric - Products and
finally select Interferogram Formation.

In the I/O Parameters tab, choose the "Orb_Stack" product that was
generated during the coregistration process.

By default, the output target is set to the same directory and appends "ifg"
to the filename.

For standard processing, there's no need to modify the defaults in the
Processing Parameters tab.

- & Interferogram Formation X | & Interferogram Formation b4

File Help File Help

10 Parameters Processing Parameters 10 Parameters  Processing Parameters

Source Product

Source product:

Degree of "Flat Earth”™ polynomlal 5 =
[3] 51A_IW_SLC_ 1SDV_202308_09_Orb_Stack w |[ e
Number of "Flat Earth” estimation points | 5o
Orbit interpolation degree 3
Target Product
MName:

[] Subtract topographic phase
S1A_IW_SLC_ 1SDV_202308_09_Orb_Stack_ifg Digital Elevation Model:

SRTM 3Sec (Auto Download)

[] Save as: [BEAM-DIMAP Tile Extension [%] 100
Directory: Qutput Elevation
Z:\Pracovnici\onadilovalESA_ENELIM Cutput Orthorectified Lat/Lon
Open in SNAP Indude coherence estimation
Square Pixel [] Independent Window Sizes
Coherence Range Window Size 10
Coherence Azimuth Window Size 3
Run Close Close

V KOSICIACH
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Raw Interferogram — Phase Image should appear int he View tab.

4
a
th

Product Explorer X | PixelInfo | — | [ 141 Phase_ifo_1W1_W_30Aug2023_115ep2023 X |
@& [1] S1A_IW_SLC__15DV_20230830T062919_20230830T062946_0501]
@& [2] S1A_IW_SLC_ 1SDV_20230911T062920_20230911T062947_05027
-6 [3] S1A_IW_SLC__1SDV_202308_09_Orb_Stack
E-& [4] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg
(3 Metadata
G- (@ Vector Data
(32 Tie-Point Grids
=& Bands
[ iLifg_IW1_VV_30Aug2023_115ep2023
@ qifg_IW1_W_30Aug2023_115ep2023
[ Intensity_ifg TW1_VV_30Aug2023_115ep2023
[0 Phase_ifg_IW1_VV_30Aug2023_115ep2023
[ coh_IW1_VV_30Aug2023_115ep2023

J1abeueyy 1a4e [

npoid 12 |

< >

Navigation - ... ‘Colour Mani... | Uncertainty ... | World Vi... X -_—

Jabeueyy el

1000, Km

Off Globe

Downloading

X -y - Lat - Lon - Zoom -- Level - Pixel Spacing: --m —-m

3.4 TOPS Debursting and Topographic Phase Removal

The next stage in interferometry using Sentinel-1 TOPS mode (IWS) data
involves "debursting" or merging the bursts, a step not required with
Sentinel-1 or other stripmap SAR data.

To perform debursting, follow these steps:

From the main menu bar, navigate to Radar, then Sentinel-1 TOPS, and
finally S-1 TOPS deburst.

In the I/O Parameters tab, choose the "Orb_Stack_ifg" product generated
during the interferogram formation process. By default, the output
appends "deb" to the filename.

There is no need to make changes in the Processing Parameters tab.

@ 5-1TOPS Deburst

File Help

1fO Parameters  Processing Parameters

Source Product
source:
[4] 51A_IW_SLC__15SDV_202308_09_Orb_Stack_ifg

Target Product
Name:
S1A_IW_SLC_ 1SDV_202308_09_Orb_Stack_ifg_deb
[] save as: |BEAM-DIMAP
Directory:

Z:\Pracovniclonadllova\ESA_ENEUM

QOpen in SNAP

@esa @, USTAV GEOGRAFIE

X €& 5-1TOPS Deburst

File Help

1/0 Parameters Processing Parameters

Polarisations: yy

Run Close
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The subsequent stage in all interferometry processes involves eliminating
the topographic phase using a Digital Elevation Model (DEM).

To proceed with topographic phase removal, follow these steps:

From the main menu bar, navigate to Radar, then Interferometric, then
Products, and finally Topographic Phase Removal.

In the I/O Parameters tab, choose the "Orb_Stack ifg_deb" product
generated during the deburst step. If not using TOPS mode, select
"Stack_ifg" instead.

By default, the output appends "dinsar" to the filename.

The Processing Parameters tab indicates that the default setting is to
download the SRTM 3-arcsecond DEM, which is suitable for basic
processing. However, in certain cases, you may require a different DEM.

& Topographic Phase Removal x & Topographic Phase Removal x
File Help File Help
I/ Parameters | Processing Parameters I/0 Parameters Processing Parameters
Source Product Orbit Interpolation Degree: |3
Source product: . .
£ s o i Digital Elevation Model: | SRTM 3Sec (Auto Download) -
[3] S1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_de w Tile Extension [%] = o
Output topographic phase band
Target Product L] outn D
Mame: [ output elevation band
S1A_IW_SLC_ 1SDV_202308_05_Orb_Stack_ifg_deb_dinsar [ output ortharectified Lat/Lon bands

Z:\Pracovniclonadillova\ESA_ENEUM

Open in SNAP

Viewing Differential Interferogram — Phase Image

Product Explorer X | Pixel Info | - F[«q Phase_ifg_srd_VV_30Aug2023_115ep2023 X v o
@& [1] S1A_IW_SLC__1SDV_202308_09_Orb_Stack .
-6 [2] SIA_IW_SLC__1SDV_202308_09_Orb_Stack_ifg
- [3] S1A_IW_SLC__ 1SDV_202308_09_Orb_Stack_ifg_deb
=& [4] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar
G- ([ Metadata
G- (@ Vector Data
G- (@ Tie-Point Grids
=-&3 Bands
[ i_ifg_VV_30Aug2023_115ep2023
[ q_ifo_W_30Aug2023_115ep2023
i m Intensity_ifg_VV_30Aug2023_11Sep2023_ifg_srd_VV_30Aug20 | &
[} Phase_ifg_srd_VV_30Aug2023_115ep2023
[ coh_1w1_Vv_30Aug2023_11Sep2023

<

Navigatio... | Colour M... | Uncertai... |World... X |Quickiooks| —

2000 Km

Off Globe

X =¥ — ‘ Lat -—-Llon - Zoom - Level — Pixel Spacing: —m —m
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3.5 Filtering and Multi-Looking Interferogram

There are two methods to minimize noise in the interferogram: filtering
and multi-looking. While our standard procedure involves applying filtering
initially, it's also possible to opt for multi-looking first.

To begin filtering:

Go to Radar, then Interferometric, then Filtering, and select Goldstein
Phase Filtering from the top main menu bar.

In the I/O Parameters tab, choose the "dinsar" product generated in the
previous step.

By default, the output name includes "flt."

There's no necessity to adjust the default settings in the Processing
Parameters tab for basic processing.

@ Goldstein Phase Filtering * @ Goldstein Phase Filtering x
File Help File Help
/0 Parameters  Processing Parameters 10 Parameters  Processing Parameters

Source Product Adaptive Filter Exponentin {0,1]: 1.0

Source product:

[4] 51A_IW_SLC__15DV_202305_09_Orb_Stack_ifg_deb_dinsar = FArEE= =
Window Size: 3
Target Product [] Use coherence mask
Narne: Coherence Thresheld in [0,1]: 0.2

S1A_IW_SLC_ 15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit

Z:\Pracovnicionadllova\ESA_ENEUM

Open in SNAP

Close Run Close

3.6 Multi-Looking Interferogram

Multi-looking involves averaging several pixels in each direction, a process
referred to by radar engineers as "taking multiple looks." This leads to
larger pixels and has the potential to significantly diminish noise.

The extent of multi-looking required depends on the desired spatial
resolution and the spacing of the fringes.

The Morocco earthquake, with a depth of approximately 18 km, exhibits
widely spaced fringes. Additionally, there is no surface rupture, allowing for
increased spatial averaging without sacrificing the earthquake signal.
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To initiate multi-looking:

From the top main menu bar, select Radar, then SAR Utilities, and finally
Multilooking.

In the I/O Parameters tab, choose the "dinsar_fIt" product generated by
the filtering step. By default, "ML" is appended to the output name.

In the Processing Parameters tab, select the Source Bands "i_ifg", "qg_ifg",
and "coh". For this scene, 17 range looks are utilized, with the calculation
of 5 azimuth looks resulting in approximately 70 m output pixels.

Do not select the "Phase" band.

& Multilooking X €& Multilocking *
File Help File Help
IfO Parameters  Processing Parameters 10 Parameters Processing Parameters

Source Product Source Bands:

source;
[5] 51A_IW _SLC_ 15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit || ...

coh_IW1_VV_30Aug2023_115ep2023
Target Product

Name:

S1A_IW_SLC_ 1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML

[] save as: |BEAM-DIMAP GR Square Pixel [ Independent Locks
Directory: MNumber of Range Looks: |17
Z:\Pracovnici\onadillova\ESA_ENEUM Nurnber of Azimuth Looks: |5
Open in SNAP Mean GR Square Pixel:  |7p.0857
[ output Intensity

Mote: Detection for complex data
is done without resampling.

Close
Run Close

Viewing Multi-Looked Interferograms
Initially, we must generate a new virtual
phase band after multi-looking the
complex interferogram.

To do this:

From the top main menu bar, navigate to
Raster, then Data Conversion, and select
Complex i and g to Phase.

Subsequently, you can display the newly
created phase band.

As a result of this process, the fringes
exhibit significantly reduced noise, and the
aspect ratio has been modified, resulting in
pixels that are approximately square on
the ground. The new image now measures
considerably smaller number of pixels than
the original image.
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3.7 Phase Unwrapping

Unwrapping in SNAP follows three distinct steps:

1. Export of the wrapped phase (and definition of the parameters)
2. Unwrapping of the phase (performed outside SNAP by snaphu)
3. Import of the unwrapped phase back into SNAP

Export of the wrapped phase
Export your interferogram or your subset interferogram from Sentinel-1
Toolbox to SNAPHU:

From the top main menu bar, navigate to Radar > Interferometric >
Unwrapping > Snaphu Export.

In the Snaphu Export window:

In Read tab, select the “"ML"” product created by the multilooking step

In Snaphu Export tab, you also need to specify a target folder for exported
files. Create a new target folder for this step by entering a path and new
folder name (e.g. ,snaphu_export). If the selection of the directory does
not work, simply copy and paste the path of your working directory into
the text field.

In Snaphu Export tab, select DEFO as Statistical-cost mode
Select MCF.

Note: You can also change the number of tile rows, columns and number of
processors to e.g. “1” because we dont need multiple tiles after
multilooking or select 200 pixels for Row Overlap and Column Overlap if
you want to multilook. Depending on the number of processors of your
computer, you can also increase the Number of Processors variable.

Click Run to create the SNAPHU_Export file
The folder now holds files used for phase unwrapping.

& Snaphu Export X |@

Read  SnaphuExport Read SnaphuExport
Source Product
Name:

Target folder: C:\Users\Onadillova\snaphu_export

[6) S1A_IW_SLC__1SDV_202308_D3_Orb_Stack_ifg_deb_dinsar_flt_ML |l Statistical-costmode: | DEFO. -
Tnitial method: MCF v
Humber of Tiie Rows: 10

Data Format: Any Format v

Advanced options Number of Tile Columns: 10

Number of Processars: 4
Row Overlap: 200
Calumn Overlap: 200
Tile Cost Threshold: 500

UNIVERZITA
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3.7 Phase Unwrapping

Unwrapping in SNAP follows three distinct steps:

1. Export of the wrapped phase (and definition of the parameters)
2. Unwrapping of the phase (performed outside SNAP by snaphu)
3. Import of the unwrapped phase back into SNAP

Export of the wrapped phase
Export your interferogram or your subset interferogram from Sentinel-1
Toolbox to SNAPHU:

From the top main menu bar, navigate to Radar > Interferometric >
Unwrapping > Snaphu Export.

In the Snaphu Export window:

In Read tab, select the “"ML"” product created by the multilooking step

In Snaphu Export tab, you also need to specify a target folder for exported
files. Create a new target folder for this step by entering a path and new
folder name (e.g. ,snaphu_export). If the selection of the directory does
not work, simply copy and paste the path of your working directory into
the text field.

In Snaphu Export tab, select DEFO as Statistical-cost mode
Select MCF.

Note: You can also change the number of tile rows, columns and number of
processors to e.g. “1” because we dont need multiple tiles after
multilooking or select 200 pixels for Row Overlap and Column Overlap if
you want to multilook. Depending on the number of processors of your
computer, you can also increase the Number of Processors variable.

Click Run to create the SNAPHU_Export file

The folder now holds files used for phase unwrapping:

» the coherence: image (*.img) and metadata (*.hdr)

» the wrapped phase: image (*.img) and metadata (*.hdr)

» the unwrapped phase: only the metadata (*.hdr), because the image
(*.img) is first to be created

by snaphu in the next step.

= a configuration file (snaphu.conf) containing the parameters defined in
the export operator
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Unwrapping of the phase
You should see the wrapped interferogram phase "“Phase_ifg*.img”,
coherence “coh_*.img”, and a “snaphu.conf” file.

For the next step, you will need to instal SNAPHU in Windows. SNAPHU is a
tool for phase unwrapping of interferometric information. To use it as an
executable file (*.exe) in Windows it has to be compiled first so all required
drivers (*.dll) are installed correctly. Follow the steps for installation here:
file:///C:/Users/Ona%C4%8Dillov%C3%A1/Downloads/Installation_ SNAPH
U_English_ABraun.pdf

To start unwrapping, check the location of the interferogram exported from
SNAP. If snaphu.exe is not in your system’s PATH variable: Copy it in there
as well. It is recommended to store the data and snaphu on the same disk.
Open Command Window Here.

Type snaphu and hit Enter. The help menu should be displayed.

Bl Prikazovy riadok - O X

file

(default)

use M

type snaphu -h for a complete list of options

The command to start the unwrapping is shown in the file snaphu.conf.
Open it with a text editor. The beginning of the “snaphu.conf” file shows
the command to call Snaphu

Sibor  Upravy Formét Zobrazit  Pomocnik
# CONFIG FOR SNAPHU

# Created by SNAP software on: 89:58:82 14/02/2024
#

# Command to call snaphu:

#
# snaphu -f snaphu.conf Phase ifg W 38Aug2023 115ep2823.snaphu.img 1352
|
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file:///C:/Users/OnaÄ�illovÃ¡/Downloads/Installation_SNAPHU_English_ABraun.pdf

B Prikazowy riadok - O x

aphu -f snaphu.conf Phase_ifg

lines total)

The Snaphu program can take a long time to run. At the end it writes
unwrapped phase to “"Unw_ifg*.img"” file

Import of the unwrapped phase

Now, we import the unwrapped phase. From the top main menu bar, select
Radar > Interferometric > Unwrapping, and then Snaphu Import that
converts it back into the BEAM DIMAP format and adds the required.

Read-Phase: should be set to the wrapped product that you
exported(before the export)

Read-Unwrapped-Phase: select the unwrapped phase product: Navigate to
folder where you exported for Snaphu. Select the
“UnwPhase_ifg*.snaphu.hdr” file. Note: The error message will then vanish
if you proceed to the next tab.

Snaphulmport: Leave the option “"Do NOT save Wrapped interferogram in
the target product”

unchecked, because it is required in the later step.

Write: To store the imported unwrapped band in a separate product
(recommended), add '_unw’ to the end of the output name and click Run.

Finally, a new product is added to the Product Explorer which contains the
the unwrapped phase that we can display.
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@ Snaphu Import X @ Snaphu Import
1-Read-Phase 2-Read-Unwrapped-Phase 3-Snaphulmport 4-Write 1Read-Phase 2-Read-Unwrapped-Phase  3-Snaphulmport -Wirite
Source Product Target Product
Name:
[6] S1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit ML ~
Data Format: Any Format ~
Advanced options
@ Snaphu Import X
1Read-Phase  2Read-Unwrapped-Phase | 3-Snaphulmport  4-itiite e
T S1A_IW_SLC__15DV_202308_08_Orb_Stack _ifg_deb_dinsar_fit_ML_urm|
Name:
== s : | BEAM-DIMAP ~
UnmPhase _ifg_YV_30Aug2023_115ep2023.snaphu v Sveas
Directory:
Data Format: Any Format ~ C:\Users\Cnadillova\s 1A_IW_SLC__1SDV_02308_09_Orb_Stack_ifg_deb_dinsar_fit_ML
Advanced options
x

& Snaphu Import

2-Read-Unwrapped-Ph t arite

B ST Save Wi apped inter ferogram i the target produck ‘

& Save @) rei [ Run

Select the Unw_Phase_ifg band. Double click on this unwrapped phase to
see if the unwrapping was successful. It should be a smooth raster with
little variation except forthe areas of expected deformation.

All fringe patterns are summarized to absolute changes. Go to the Colour
Manipulation tab and select "100%"” to stretch color scale to full range of
unwrapped data. Unwrapped phase is still in radians. Phase is reference
image minus coregistered image. If reference image is earlier, then
negative phase is land moving toward satellite (negative range change)

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Sear |
LD LA PIR P WO Pl T W vivvivie
AProduct Explore!' XJ Pixel Info -y
@& [5] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit T
@& [6] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ ML g
£ [7] S1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML_unw g
#-(E3 Metadata s

- (@3 Vector Data 7

- (33 Tie-Point Grids o]

- (33 Quicklooks =
=3 Bands §
[ Unw_Phase_ifg_30Aug2023_11Sep2023 %
Navigation - [7] Unw_Pha... i Colour Manipulation - ... X T-World View ‘g

Editor: (O) Basic (@) Sliders () Table

T
Name: Unw_Phase_ifa_30Aug2023_11Sep2023
Unit: abs_phase
Min: -8.27
Max: 17.404

A More Options

7oom - | evel — Pixel Snarina: --m —-m

lat - lon
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3.8 Phase to displacement

We can convert the unwrapped phase to displacements. From the top main
menu bar, select Radar, then Interferometric, then Products, and then
Phase to Displacement.

The I/O Parameters tab should be set to the unwrapped product that you
imported.

Default for target product name is to add “_dsp” to the name

Now, we can display displacement band of result. Again, better to stretch
colors. Displacements is now in meters.

Sign was changed so positive displacement is “up” towards satellite

@ Phase to Displacement XK Product Explorer X [Pielinto | — |[ & te1 dsplacement > ~o
S (6] 51A_W_SLC__1SDV_202308_09_Orb_Stack ifg_deb_dinsar_fit ML ~ _
File Help & [7]51A_IW_SLC_ 1SDV_202308_09_Orb_Stack ifg_deb_dinsar_fit ML_umw
& [8] 51A_IW_SLC__1SDV_202308_09_Orb_Stack ifg_deb_dinsar_fit_ML_unw_dsp T
O3 Metadata
1/0 Parameters  processing Parameters &+ (2 Vector Data
@2 Tie-Point Grids
Source Product (2 Quicklooks
source: =& Bands
“ [ displacement v
[7] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML_unw v [ = — =
Navigation - [8] | colour -[Bldisp... X |WorldView | —
Editor: () Basic @) Siders () Table
TR s} Name: displacement | Logi
Name: Unit: meters =
Min: -0.077 —
S1A_IW _SLC_ 1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML_unw_dsp Max;: 0.041 o
Eard
Save as: | BEAM-DIMAP ~ e
Directory: aEE
Z:\Users\Onadilov&\s 1A_Tw_SLC__15DV_202308_09_Orb_Stadk_ifg_deb_dinsar_fit_I| | ... U
!
Open in SNAP &
A =
o R~
I F B @ PO
[ a 3 a 2 "
AR a ] b " T
I W o o o
% More Options @

S rm Lat  ~Llon - Zoom ~ Level - Pixel Spacing; ~-m ~m

3.9 Geocoding results—Terrain Correction

SNAP calls geocoding with topography “Terrain Correction.” From the top
main menu bar, select Radar, then Geometric, then Terrain Correction, and
then Range-DopplerTerrain Correction.

The I/0O Parameters tab should be set to the displacement product that you
imported (or one of the other ML products).

default for target product name is to add *_TC"” to the name

Under Processing Parameters tab, select the Source Bands and any
additional Output Bands. You can also choose what DEM to use, output
spacing, and map projection.

Now, we can display displacement_vv band of geocoded result. Again,
betterto stretch colors.

Displacements in meters with positive values “up” towards satellite in Line-
of-Sight direction.

Product is now evenly spaced in latitude and longitude.
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& Range Doppler Terrain Correction x & Range Doppler Terrain Correction X

File Help File Help

Processing Parameters 1/0 Parameters  Processing Parameters

Source Product Source Bands:

source:

[8] S1A_Iw_SLC_ 1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML_unw_dsp ~

Target Product
MName:

S1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML_unw_dsp_TC

Digital Elevation Model: SRTM 3Sec {Auto Download) “
) S : BEAM-DIMAP
A as = DEM Resampling Method: BILINEAR _INTERPOLATION ~
Directory: -
Image Resampling Method: BILINEAR _INTERPOLATION “
Jsers\Onadilova\s 1A_TW_SLC__ 15DV_202308_09%_Orb_Stack_ifg_deb_dinsar_fit_ML =
Source GR Pixel Spadings (az xrg):  69.89670000000001(m) x 70.27081162268425(m)
Open in SNAP Pixel Spacing (m): 70.27081162268425
Pixel Spacing (deg): 6,312534410814097E-4
Map Projection: WES34{DD)
Mask out areas without elevation [ ] Output complex data
Output bands for:
Selected source band []oEM [ Latitude & Longitude

[[] Incidence angle from elipsoid [ ] Local incidence angle [ ] Projected local incidence angle

[[] Layover Shadow Mask

[] Apply radiometric normalization
Save Sigmal band Use projected local inddence angle from DEM
Save Gammal band Use projected local inddence angle from DEM
Save Betal band

Auxiliary File (ASAR only): Latest Ausdiary File

‘roduct Explorer X | Pixel Info - @ [9] displacement_Vv * =]
368 [6] S1A_IW_SLC_ 1SDV_202308_0%_Orb_Stack_ifg_deb_dinsar_fit_ML ~
J-E [7] 51A_Iw SLC_ 1SDV_ 202308 05 Orb_Stack_ifg_deb_dinsar fit ML unw

J-E [8] 51A_Iw SLC_ 1SDV_202308_09_Orb_Stack ifg_deb_dinsar_fit ML_unw_dsp

368 [9] S1A_IW_SLC_ 15DV_202308_0%_Orb_Stack_ifg_deb_dinsar_fit_ML_urw_dsp_TC

it £ Metadata

-[Z2 vector Data

Ateagiy 3npoly

=
i [ Quicklooks =
=3 Bands &;_
[ displacement_vv v =
=1
=1
lavigation - [9] displace... | Colour Manipulation - ... X | World View | - 8
Editor: () Basic (@) Sliders () Table @
= Logm
Mame: displacement_VV
Unit: meters 2
For
:36:
For
100%

E@PrL2a9 ]

Ol W

¥ Z-396'S-

More Options

lat - Llon - Zoom -- Level - Pixel Spacing: --m —m
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3.10 Displacement Profiles

Use the line drawing tool (top bar of SNAP window) to draw a line across
the signal. Run Analysis>Profile Tool to see displacement along the profile
Remember that InSAR displacements are relative. In this case,
displacement far from the signal is about -0.1 m, so that is probably the
“true zero” offset. Maximum is about 0.24 m, but we need to subtract zero
offset to get total displacement of about 0.35 m

Product Explorer X | Pixel Info — || [ [9] displacement W X |
@& [6] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML
-6 [7] S1IA_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML_unw
-4 [8] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ ML_unw_dsp
=& [9] S1A_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit ML_unw_dsp_TC
- (03 Metadata
=& Vector Data
@ pins
; ground_control_points
B> geometry

Areiqr pnpold (&

1aBeuey Jsep) Q-J

Navigation - [9] displace... | Colour Manipulation - ... X | World View

Editor: () Basic (@ Siders (O Table

Name: displacement_VV
Unit: meters

z-390'S
z-301e- [ |
z-382°€
£-396'G-

A
a
@
2
a
W

More Options

Profile Plot X |

Profile Plot for displacement_VV ]S »
0.01 -
" Use ROI mask:
o =
..E 0.00 geometry w =
= Box size: ==
E -0.01
; Compute in-between points
o 0.02
5 []Use correlative data
= -0.03 4 Point data source:
o
=
% -0.04 - Data field:
2
-0.05 4, - - - - - -
0 250 500 750 1,000 1,250 1,500 H-Axis
Path in pixels [ sty min e

|— displacernent_\ | E' [y @ vIJE*I @

For more information, see the lecture: 5. Basics of Radar Remote Sensing
_ principl I licati

THANK YOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 6 —= TUTORIAL

Precision agriculture mapping - digital image
analyses using Sentinel-2 multispectral data, image
classification, comparison with UAV multispectral

data, using SNAP software
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1 | Exercise outline

In this exercise,we will:

e Delve into the use of Copernicus multispectral data in optimizing
agriculture mapping

e Explain how to use Sentinel-2 data to monitor plant health and soil
conditions

e Learn to process and interpret this data, using indicators like the
Normalized Difference Vegetation Index (NDVI) and the Normalized
Difference Moisture Index (NDMI)

e Compare Sentinel-2 outputs with high-resolution UAV multispectral
data

UNIVERZITA
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2 | Background

Precise agriculture using Sentinel-2 data

Sentinel-2 satellites are instrumental in precision agriculture due to their
ability to provide detailed and frequent multispectral imagery. These
images offer valuable insights into crop health, soil moisture, and
vegetation growth, enabling farmers to optimize their agricultural
practices. In precision agriculture, commonly used indices derived from

Sentinel-2 satellite imagery include:

+ NDVI: Measures vegetation health and vigor based on near-infrared and

red light reflectance.

« EVI: An improved version of NDVI that corrects for atmospheric effects

and provides better sensitivity to vegetation changes.

« SAVI: Adjusts NDVI to account for soil brightness, improving accuracy in

areas with sparse vegetation.

- NDWI: Quantifies water content in vegetation and soil, aiding in soil

moisture monitoring and water stress detection.

« LAI: Measures leaf area per unit ground area, providing insights into

vegetation density and biomass accumulation.

These indices help farmers and land managers monitor crop health,

predict yields, and make informed decisions for optimal agricultural

practices.

Source: https://feos.com/blog/precision-agriculture/

@ cSa \,@‘f_‘l OSTAV GEOGRAFIE E%EE\IE%EA SAFARIKA




2.1 Study area and data used

For this exercise, we will use three Sentinel-2 images of the same area in
Sari§ské Bohdanovce, Slovakiia, using the Tile Number *34UEV*
downloaded for four time intervals in 2016 from the Dataspace
Copernicus Open Access Hub [@https://dataspace.copernicus.eu/]. At
the end of this exercise, we will compare these Sentinel-2 data with UAV
data acquired in September 2016.

Gpemicus
BROWSER

VISUALIZE orerifs = D 277

SEARCH CRITERIA:

DATA SOURCES:

l:l (opemicys  @esa About

2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open 4 downloaded products
(unzipped) by double click on the metadata ,MTD_MSIL2A.xmI" inside
the folder. The opened products will appear in Product Explorer window.

S2A_MSIL2A_20160407T093032_N0213_R136_T34UEV_20210228T161314.SAFE
S2A_MSIL2A_20160629T094032_N0213_R036_T34UEV_20210228T170703.SAFE
S2A_MSIL2A_20160927T094032_N0213_R036_T34UEV_20210228T181146.SAFE

Display all products side by side using e.g. Atmospheric penetration band
combination: Right click on the product - Open RGB Image Window -
select Sentinel 2 MSI Natural colors. Repeat this step also for other two
products.
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Then, tile windows horizontally. By opening and displaying all 4 images at
once, we can take a first visual interpretation of agriculture fields in 2016
- from the left.

In Navigation tab - Synchronise views across multiple image windows -
Zoom into the eastern part of the image to explore deforestation.

Product Explorer X | Pixel Info — | B [1] Sentinel 2 MT Natural Colors RG
- [1] S2A_MSIL2A_20160407T093032_N0213_R136_T34UEV_20210228 Y
& [2] S2A_MSIL2A_20160629T094032_N0213_R036_T34UEV_20210228
-6 [4] S2A_MSIL2A_20160927T094032_N0213_R036_T34UEV_20210225 |3

¥ O [§ (4 Sentinel 2MSI Natural
;: =
g

[~

> | [

| colour Manipulation... | World View X | —

ion - [1] RGB

Off Globe

2.3 Create Processing Graph

Then, we need apply the same pre-processing steps for all our scenes.
However, processing the data step by step and product by product could
be time-consuming and impractical. Fortunately, the Batch Processing
tool in SNAP allows us to apply all the steps to both images
simultaneously, saving both time and disk space since only the final
product is physically stored.

To use the tool, the initial step is to define the process we intend to apply
along with all its corresponding steps. This can be accomplished by
utilizing the GraphBuilder tool. Therefore, let's build our graph by
navigating to Tools — GraphBuilder. Through the GraphBuilder
function, we build a processing graph, outlining the specific order of
processing steps:

ﬂ Graph Builder

File Graphs

BandMaths

Read |————={ Subset Write

BandMerge
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At the beginning, the graph has only two operators: Read (to read the
input) and Write (to write the output). To add the new operator right-
click the white space between the existing operators and select the
desired operators:

« Subset - export only bands that we will need for further analysis to
calculate NDVI, GNDVI, GRVI - select only B3, B4 and B8

« Band Maths - to calculate NDVI, GNDVI, GRVI using slected bands
 Band Merge - to combine the resulting bands into the resulting file

For the moment, do not change anything in the parameter tabs and save
the graph (File - Save Graph) as ,Graph_precision_agriculture.xml™ to
your working folder. After you have saved it, close the GraphBuilder
window.

2.4 Batch Processing

Open the Batch Processing tool (Tools — Batch Processing).

We will add all opened products by clicking Add Opened on the upper
right (second icon from the top). Then, we delete original = not
projected products by sleecting them and clicking Delete (third icon from
the top left only reprojected products). Then, when we have only 4
reprojected products, we click File - Load Graph at the top of the
window and navigate to our saved graph ,Graph_Deforestation® and
open it. We see that new tabs have appeared at the top of window
corresponding to our operators with the exception of Read; this is correct
as these parameters will be set in the I/O Parameters tab.

E Batch Processing : Graph_precision_agriculture.xml b
File Graphs
IfUF'ﬂFﬂFHEtEFS Subset BandMaths BandMerge Write
File Mame Type Acguisition Track Orbit 'ﬁ'}'
S2A_MSILZA_20160407T093,.. [S2_MSI_Level-24 —
S2A_MSILZA_20160629T094,,, [S2_MSI_Level-24 Eﬂ:
S2A_MSILZA_20160927T094,,,[S52_MSI_Level-24 =
[
[t
%
W,
3 Products
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In the next step it is advisable to create Subset of these products for

faster processing:

« Source bands - select only bands that we will need to calculate NDVI
- B3, B4 and B8

+ Geographic Coordinates - create the subset of the area also by
clicking on zoom into the area of image (red rectangle) and draw
smaller (yellow) polygon inside it that includes only eastern part of the
images where we observed deforestation

+ Reference band - select Reference band according which all the
Source Bands will be resampled

In BandMath, we firstly enter the formula for NDVI calculation. The NDVI
is calculated as a normalized difference of visible infrared (B8) and visible
red (B4) bands, using the following equation (Rouse et al. 1974):

(B8-B4)/(B8+B4)

¥4 Batch Processing : Graph_precision_agriculturexml X ¥ Batch Processing : Graph_precision_agricultureacml %

File Graphs File Graphs

1/O Parameters  Subset BandMaths BandMerge Write 1/O Parameters  Subset BandMaths BandMerge Write
[Source Bands: iB1 A

B2

—
dad Band Unit:

BS
L No-Data Value: (0.0

Expression: (B3- B4)/(B3+ B4)

Target Band: NDVI

Copy Metadata
(O Pixel Coordinates (®) Geographic Coordinates

Reference band: 83 HV)

57788086, 21.00305938720703 49.087127685546875, 21.00305938720703 49.087127685546875)) | Update

Edit Expression. ..

T Load Graph e Help Run remote Load Graph Run Close Help

Then, in BandMerge tab we can combine the resulting bands into the
resulting file and set the directory for the output file in Write tab. The
common processing can be monitored. Writing target product may take
some time.

ﬂ Batch Processing : Graph_precision_agriculturexml >

File Graphs

I/O Parameters  Subset BandMaths BandMerge  wyrite

Source Bands: |NDVI::Subset_S2A_MSIL2A_20160407T093032_N0213_R136_T34UEV_20210228T 161314 BandM...
B3::Subset_S2A_MSIL2A_20160407T093032_N0213 R136 T34UEV_20210223T161314
B::Subset_S2A_MSIL2A_20160407T093032_N0213_R136_T34UEV_20210228T161314
BS::Subset_S2A_MSIL2A_20160407T093032_N0213_R136_T34UEV_20210223T161314
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3.1. NDVI analysis

Open the output NDVI images side by side for all processed years -
Window - Tile Horizontally. In Colour Manipulation select Colour ramp
derived from meris pressure.

NDVI image - has values from < -1, 1 >, where forested areas are
displayed in values higher than 0. The peaks of the histogram point to 2
extremes - forested and logged area.

@ 51novi x| @ 1vov x| b A=
= R LT R "I sy R XN RN i T TG A
April 2016 ¥ % June 2016 &} September 2016

e

R

=,
@
~
]
=
o
=
o
[r=}
Q

1abeue) ysepy Ea

257
a S5, " "
- lat -—-lon - Zoom - Level —- Pixel Spacing: —m —m 2
Editor: () Basic (@) Sliders () Table Editor: (O Basic (@) Sliders (O Table
MName: NDVI
. Mame: MOYI -

April 2016 Lrit: June 2016 it rul

Min: -0462 in: -0.538

Maxy 1.0 Max: 1.0

J

&¥'0
68'0

o C-3e9'6

Editor: () Basic (@) Sliders (") Table

The highest NDVI values occurs in

the summer season - June - during September 2016 Ll |
periods of peak vegetation growth Maxy D

and vigor. NDVI values tend to
increase as vegetation biomass and
chlorophyll content rise, reaching
their peak when vegetation is at its
most lush and dense.

Lower Normalized Difference Vegetation Index (NDVI) values occur at the
beginning of the growth season - April and during periods of reduced
vegetation activity in September - a decline in NDVI values may exhibit also
reduced chlorophyll content or structural damage, affecting its reflectance
properties.
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3.2 GNDVI analysis

Create the GNDVI. Use the resulted subsets. Navigate to the Main menu
- Raster - Band Maths and edit formula as following:

GNDVI = (NIR - Green) / (NIR + Green)

Click on RUN. Then, firstly open the output GNDVI images side by side
for all processed years - Window - Tile Horizontally. In Colour
Manipulation select Colour ramp derived from meris pressure.

Eﬁ [s1GNDVI X ¥ O [ sl eNovT X @ evov x| v O

R z = " R R

Septem ber 2016 wf%

‘ A.le.an Pnpoid ';'i.‘

J1abeueyy 1a4e [m

J1abeuey sely U;] ‘

8

lat -—-Llon - Zoom -- Level — Pixel Spacing: --m —-m

Editor: (_) Basic (@) Sliders () Table Eirw @E=E Qs @wis

MName: GNDWI

April 2016 sy June 2016 L

Min: -0.811

Mac: 10

1o
H
8t'0
z90[;
£L'0 P
180

GNDVI values typically range from -1
to 1, with higher values indicating || smc ©sies Oabe
healthier and more dense vegetation.
Values close to 1 indicate strong September 2016
vegetation presence, with dense and
healthy vegetation exhibiting the
highest values. Values close to O
suggest sparse vegetation or non-
vegetated areas. Negative values may
occur in features such as water bodies
or shadows.
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3.3 GRVI analysis

Create the GRVI. Use the resulted subsets. Navigate to the Main menu -
Raster - Band Maths and edit formula as following:

GRVI = (Green - Red) / (Green + Red)

Click on RUN. Then, firstly open the output GRVI images side by side for
all processed years - Window - Tile Horizontally. In Colour
Manipulation select Colour ramp derived from meris pressure.

ﬁ[s]GRVI x| =] ﬁ[s]Gva X v O ﬁ[nGRw % e
(N N e o : ; o

Editor: () Basic (@) Sliders () Table

June 2016

GRVI index can differentiate between
green vegetation (index above 0),
water and snow (index around 0), and
soils (index below 0). Additionally,
unlike the NDVI, the GRVI is sensitive
to changes in leaf color, making it
effective for detecting shifts in
vegetation phenology.
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4. Comparison of UAV data with Sentinel-2

In QGIS open the sample data for the smaller area of interest within the
locality of SariSské Bohdanovce. Compare high spatial resolution of UAV
data compared to Sentinel-2 multispectral data.

UAV data offer high spatial resolution and flexibility, making them
suitable for detailed and targeted assessments of small areas. UAVs have
revolutionized, e.g. precise agriculture by providing farmers and
agronomists with timely, accurate, and actionable information for
optimizing crop production, resource management, and decision-making
processes. With their ability to collect high-resolution spatial data
efficiently and cost-effectively, UAVs are increasingly becoming
indispensable tools in modern agriculture.

On the other hand, Sentinel-2 satellite data provide consistent and
systematic coverage over larger regions, offering valuable insights into
broader landscape dynamics and long-term trends. The choice between
UAV and Sentinel-2 data depends on the specific requirements of the
application, considering factors such as spatial scale, temporal frequency,
cost, and accessibility.

Sentinel-2 September 2016

UAV September 2016 | ~

em 5 .‘ 73

UAV September 2016 - detail

For more information, see the lecture: 6. Precision agriculture mapping
. lti tral dat

THANK YOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 7 - TUTORIAL

Spatio-temporal mapping of deforestation using
Sentinel-2 data using SNAP software
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1 | Exercise outline

In this exercise,we will:

e Learn the basic steps to calculate the deforestation area based on
S2 images

e Download images of the same area of interest over a period of 4
years

e Perform preprocessing for the 4 images using SNAP software
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2 | Background

Mapping deforestation using Sentinel-2 data
The presence of forests is crucial for
preserving ecological balance, combating
climate change, and ensuring a sustainable
future for both the Earth and its inhabitants.

Despite serving numerous essential

functions, these ecosystems have faced - : =
significant threats to their condition, and ' s

overall quality in recent decades.

While various regions globally are undergoing deforestation, the reasons
driving this phenomenon vary among countries. Data from Global Forest
Watch's Dashboards reveals that, e.g. since 2001, Cambodia has seen a
reduction of approximately 24 percent in its tree cover—an alarming
percentage compared to more extensive, forested countries like Brazil and
Indonesia. Protected Planet reports that around 26% of Cambodia's land is
designated as protected areas for ecological or cultural conservation.
However, GFW data from 2001 to 2018 indicates a loss of 557,000
hectares of tree cover in these areas, comprising 11.7% of Cambodia's
total protected area. Many protected areas notably lost its protected
status due to extensive deforestation for rubber and cashew plantations.
This widespread forest loss contributes to increased flooding and erosion,

impacting water storage, fishing, and agriculture during droughts.

Presently, the majority of countries regularly conduct forest inventory or
remote sensing (RS) surveys every few years to observe alterations and
assess the quality of forest cover. Over the last decade, the Sentinel-1 and
Sentinel-2 satellite imagery from the European Space Agency's Copernicus
program has offered substantial potential for examining forest stands. This
technology can efficiently track changes, even in expansive forest areas,

with a high temporal and spatial resolution.
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2.1 Study area and data used

For this exercise, we will use three Sentinel-2 images of the same area in
Stung Treng province, Cambodia, using the Tile Number *48PWV*
downloaded for years 2018, 2020, 2022 and 2023 from the Dataspace
Copernicus Open Access Hub [@https://dataspace.copernicus.eu/].

< opernicus EN - KatkaOnacillova v <
BROWSER

VISUALIZE SEARCH

foce]

Go to search Showing 50 results of 65

S2B_MSIL2A_20230224T031729_N0509_R118_T48PWV_
202302247064733 SAFE

Sensing time: 2023-02-24T03:17:29.025Z
SENTINEL2 MSI  S2MSi2A [ W=+

S2B_MSIL1C_20230224T031729_N0509_R118_T48PXB_
20230224T055638 SAFE

Sensing time:2023-02-24T03:17:29 0252

SENTINEL2 MSI  S2MSIC [: R+ K3
S2B_MSIL1C_20230224T031729_N0509_R118_T48PVB_
20230224T055638.SAFE

. Mission: SENTINEL-2  Instrument:MS|  Size: 177MB
Sensing time: 2023-02-24T03:17:29.025Z2

SENTINEL2 MSI  SZMSIC [: Roll+ K3

Gl S2B_MSIL1C_20230224T031729_N0509_R118_T48PYB_
202302247055638 SAFE
Mission: SENTINEL-2  Instrument:MS|  Size: 671MB

l:' Gpg_mlcqg Cesa About  Support

2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open 4 downloaded products
(unzipped) by double click on the metadata ,MTD_MSIL2A.xml" inside
the folder. The opened products will appear in Product Explorer window.

S2A_MSIL1C_20181102T031901_N0206_R118_T48PWV_20181105T173148.SAFE
S2A_MSIL1C_20200225T031711_NO0209_R118_T48PWV_20200225T061710.SAFE
S2B_MSIL2A_20220120T032039_N0301_R118_T48PWV_20220120T070202.SAFE
S2B_MSIL2A_20230224T031729_N0509_R118_T48PWV_20230224T064733.SAFE

B e - O X

File Edit View Analysis Layer Vector Raster Optical Radar Tools Windew Help |Q‘ Search (Ctrl+1)

aEDE S PR ArWUOBM T Dy irivieisy
Product Explorer X || [ SNAP - Open Product i

Look in: exercise_7 w &5 Ed-
\.\.I‘a Nazav Advanced
;—d S2A_MSIL1C_20181102T031801_MO206_R118_TASPWY_20181105T173148.5AFE
SRR s S24_MSILTC_20200225T031711_MN0209_R118_T4SPWY_20200225T061710.SAFE

52B_MSIL2A_20220120T032039_N0301_R113_T48PWV_20220120T070202,5AFE
Naviga... 3 - 52B_MSIL2A_20230224T031729_NO509_R113_T48PWV_20230224T064733.5AFE
Pracovna plo... ¢ 52A_MSIL1C_20181102T031901_N0O206_R118_T48PWY_20181105T173148.5AFE
A=b SZA_MSIL1C_20200225T031711_N0209_R113_T48PWV_20200225T061710,5AFE
@ 52B_MSIL2A_20220120T032039_N0301_R118_T48PWV_20220120T070202.SAFE
Dokumenty 52B_MSIL2A_20230224T031729_NO509_R113_T48PWV_20230224T064733.5AFE
[! < >

[{%] Tutorial_Exercise_7_Deforestation
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File name:

Off Globe @ ]
: Files of type: | Al Files -

@' BB HSE| % | J1abeuey 1a4e [m | Adeigy Pnpold (1

i
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Display all products side by side using e.g. Atmospheric penetration band
combination: Right click on the product - Open RGB Image Window -
select Sentinel 2 MSI Atmospheric penetration. Repeat this step also for
other three products.

The Atmospheric Penetration band combination (SWIR 2, SWIR 1, NIR)
shows results similar to traditional false-color infrared color composition
but with exceptional clarity. This method excludes visible bands,
effectively penetrating atmospheric particles, smoke, and haze, thereby
minimizing their impact on the image.

E [1] 524 _MSIL1C_20181102T031901_M0206_R118_T48PWV_20181105T173148 - [Z:\Projekty’2023_ESA_EMEUM\DT_ucebne_... — O *
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1 g 5 =
w5 2 Close Product ]
. i
Close All Products ‘s
Close Other Products
Save Product =
=
.. Ty Save Product As... o
L2000 Km =3
Ctrl+X o
W
Off Globe Downloading Copy Ctrl+C @
Ctrl+V )
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Product Explorer X |PixelInfo | — | B [1] sentinel 2 MSI Atmospheric penetration RGE... v O
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o
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=
o
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Then, tile windows horizontally. By opening and displaying all 4 images at
once, we can take a first visual interpretation of deforestation in the
years 2018, 2020, 2022 and 2023 - from the left.
In Navigation tab - Synchronise views across multiple image windows -

Zoom into the eastern part of the image to explore deforestation.
B snap
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aP HE

-

Ve «

|
VP e

o

LQ[7 A A IR I

<

[4] S2B_MSIL2A_20230224T031729_N0509_R118_T48PWV_20230224T 061

Navigation... X I Colour Manip...

‘ Uncertainty V... { World View

:%f?.

4

0°

-
v

® vELRAS |,

Zoom - Level —

Pixel Spacing: —-m —-m

O

<« L

Product Explorer X i Pixel Info ‘ - | @ yoO @B’ &
@& [1] S2A_MSILIC_201811027031901_NO206_R118_T48PWV_20181105T 173 | \ T
G-E [2] S2A_MSILIC_20200225T031711_N0209_R118_T48PWV_20200225T06 g
G-E [3] S2B_MSIL2A_20220120T032039_NO301_R118_T48PWV_20220120T07¢ g
-8 ] g

~

1abeuely 124e7 )

& abeuepy ysen Iy ‘

2.3 Pre-processing

Firstly, it is advisable to reproject subsets to the system that corresponds
to the area of interest (Cambodia) - WGS 84, UTM zone 48 North. Go to
Raster — Geometric - Reprojection and reproject them to the system
WGS 84, UTM zone 48N. Writing target product may take some time. At
the end, 4 new reprojected products will be in the Product Explorer.

E Reprojection b4 gj Select Coordinate Reference System x
File  Help Filter: | WGs 84 Well-Known Text (WKT):
I~ EPSG:32644 - WGS 84 /UTM zone 44N~ | |PROJICS["WGS 84 / UTM zone 48N", ]
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SPHEROID["WGS 84", 6378137.0, 298,257223563
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[] Add delta lat/lon bands Resampling method: | Nearest ~ \;‘%n% ] N o L¥
Lt % A | % iR
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RENRP ptad === T TTRETTTT L
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2.3.2 Create Processing Graph

Then, we need apply the same pre-processing steps for all our scenes.
However, processing the data step by step and product by product could
be time-consuming and impractical. Fortunately, the Batch Processing
tool in SNAP allows us to apply all the steps to both images
simultaneously, saving both time and disk space since only the final
product is physically stored.

To use the tool, the initial step is to define the process we intend to apply
along with all its corresponding steps. This can be accomplished by
utilizing the GraphBuilder tool. Therefore, let's build our graph by
navigating to Tools — GraphBuilder.

Through the GraphBuilder function, we build a processing graph,
outlining the specific order of processing steps:

E Graph Builder
File Graphs

BandMaths

Read |—— = Subset Write

BandMerge

At the beginning, the graph has only two operators: Read (to read the
input) and Write (to write the output). To add the new operator right-
click the white space between the existing operators and select the
desired operators:

+ Subset - export only bands that we will need for further analysis to
calculate NDVI - select only B4 and B8

« Band Maths - to calculate NDVI using slected bands B4 and B8
« Band Merge - to combine the resulting bands into the resulting file

For the moment, do not change anything in the parameter tabs and save
the graph (File - Save Graph) as ,Graph_Deforestation.xml to your
working folder. After you have saved it, close the GraphBuilder window.
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2.3.3 Batch Processing

Open the Batch Processing tool (Tools — Batch Processing).

We will add all opened products by clicking Add Opened on the upper
right (second icon from the top). Then, we delete original = not
projected products by sleecting them and clicking Delete (third icon from
the top left only reprojected products). Then, when we have only 4
reprojected products, we click File - Load Graph at the top of the
window and navigate to our saved graph ,Graph_Deforestation® and
open it. We see that new tabs have appeared at the top of window
corresponding to our operators with the exception of Read; this is correct
as these parameters will be set in the I/O Parameters tab.

ﬂ Batch Processing

File | Graphs
Load Graph

) Type
H'EWG“F"” B 11_ND206_R113_T48PWV_20181105T173148_reprojected |52 MSI_Level-1C
52A_MSILIC_20200225T031711_ND203_R118_T48PWY_20200225T061710 _reprojected [52_MSI_Level-1C
526_MSIL2A_20220120T032039_N0301_R118_T48PWV_20220120T070202_reprojected |52_MSL Level-2A
526_MSIL2A_20230224T031729_N0S03_R118_T48PWV_20230224T064733_reprojected |52_MSL Level-2A

B B 1 &l 4+

ﬂ Batch Processing @ Graph_Deforestation.xml

File Graphs

If0 Parameters Sybset BandMaths BandMerge Wirite

File Mame Type wwe | wwe] wwn

52A_MSIL1C_20181102T031901_N0206_R118_T48PWV_20181105T173145_reprojected  |S2_MSI_Level-1C
52A_MSIL1C_20200225T031711_N0209_R118_T48PWV_20200225T061710_reprojected |S2_MSI_Level-1C
526_MSIL2A_20220120T032039_N0301_R115_T48PWV_20220120T070202_reprojected  |S2_MSI_Level-24
52B_MSIL2A_20230224T031729_N0509_R 118_T48PWV_20230224T064733_reprojected  |S2_MSI_Level-2A

o 1 & +

In the next step it is advisable to create Subset of these products for
faster processing:

+ Source bands - select only bands that we will need to calculate NDVI
- B4 and B8

« Geographic Coordinates - create the subset of the area also by
clicking on zoom into the area of image (red rectangle) and draw
smaller (yellow) polygon inside it that includes only eastern part of the
images where we observed deforestation

- Reference band - select Reference band according which all the
Source Bands will be resampled
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E Batch Processing : Graph_Deforestation.xml

File Graphs

1/O Parameters Subset BandMaths BandMerge Write

Source Bands: B1 A
B2

Copy Metadata

(O Pixel Coordinates  (®) Geographic Coordinates

Reference band: B4 v

Run remote Load Graph Close Help

In BandMath, we enter the formula for NDVI calculation. The NDVI is
calculated as a normalized difference of visible infrared (B8) and visible
red (B4) bands, using the following equation (Rouse et al. 1974):

(B8-B4)/(B8+B4)

| File Graphs

I/O Parameters  Subset BandMaths BandMerge  Write

| Target Band: MOWI
| Target Band Type: |float32
| g ¥ Arithmetic Expression Editor x
(N Data sources: Expression:
| B |pa @+ @ (B&- B4)B&+ B4) 2
[ |] |88
@-@
Show bands @@
Show masks
@@ -
Show tie-point grids
(@) m T= T0
o e [ 1 45 Ok, no errors.
Show single flags Constants, | = n ALl @
Cancel Help | Edit Expression...
Run remote Load Graph Close Help
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Then, in BandMerge tab we can combine the resulting bands into the
resulting file and set the directory for the output file in Write tab. The

common processing can be monitored. Writing target product may take
some time.

E Batch Processing : Graph_Deforestation.xml >
File Graphs

IjO Parameters Subset BandMaths BandMerge wyrite

Source Bands: [NDVI::Subset_52A_MSIL1C_20181102T031901_N0206_R118_T48PWY_20181105T173148_reprojected_BandMath

B4::Subset_S2A_MSIL1C_20181102T031901_M0206_R118_T48PWY_20181105T 173148 _reprojected
B&::Subset_S2A_MSIL1C_20181102T031901_N0206_R115_T48PWY_20181105T 173148 _reprojected

Run remote Load Graph Run Close Help

E Batch Processing : Graph_Deforestation.sxml >
File Graphs

Processing 2 of 4 S2A_MSIL1C_20200225T031711_NO209_R118_T48PWY_20200225T061710_reprojected. dim

IjO Parameters  Subset BandMaths BandMerge Write
Target Product

Mame:
Subset_S2A_MSIL1C_20200225T031711 NO209_R118 T48PWY_20200225T061710_reprojected_BandMath

Save as: BEAM-DIMAP e
Directory:
Z\ESA_EMEUM\exerdse_7

Computing raster data. ..

Estimated 2. 1 minutes remaining Run remote Load Graph

Run Close Help
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3. Image analysis

Open the output NDVI images side by side for all processed years -
Window - Tile Horizontally. In Colour Manipulation select Colour ramp
derived from meris pressure.

NDVI image - have values from < -1, 1 >, where forested areas are
displayed in values higher than 0. The peaks of the histogram point to 2
extremes - forested and logged area.

E [6] Subset_S2A_MSIL1C_20200225T031711_N0209_R118_T48PWV_20200225T061710_BandMath - [Z:\Pracovnici\onacillova\ESA_ENEUM\exercise_8\Subset_S2A_MSIL1C_202002.. — [m] X
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For more information, see the lecture: Z. Spatio-temporal mapping of

THANK YOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 8 —= TUTORIAL

Mapping wildfires and burn severity using Sentinel-2
data, using SNAP software
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1 | Exercise outline

In this exercise,we will:
e Detect wildfires on Sentinel-2 image
e Export subset as image to perform another analysis in QGIS

e Map burned areas and quantify burn severity using Normalised
Burn Ratio index

e Develop a graph for automated processing using Batch processing
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2 | Background

Fires in the grasslands
close to a vital South
American river delta
present serious threats
to both nearby wetland
ecosystems and human
well-being, caution
environmental experts.

The wildfires around the important riverside port of Rosario, essential for
transporting Argentina's extensive grain harvest, have raised concerns
among local residents and activists.

Fires in the grasslands close to a vital South American river delta present
serious threats to both nearby wetland ecosystems and human well-
being, caution environmental experts. The wildfires around the important
riverside port of Rosario, essential for transporting Argentina's extensive
grain harvest, have raised concerns among local residents and activists.

The Parana River, South America's second-longest river after the
Amazon, experienced its lowest water levels since 1944 in 2021 as
reported by official data. This decline is attributed to multiple cycles of
drought and reduced rainfall in upstream Brazil. In August 2022, the
water level remained exceptionally low. The wildfires, many intentionally
set by farmers preparing the land for new crops, generated a thick haze
that reached Buenos Aires, located approximately 190 miles (300 km)
south of Rosario. Residents were displeased with the presence of soot in
the air, leading popular weather apps to issue forecasts simply describing
the conditions as "smoke."

Wildfires burning in the wetlands of the Parana River Delta, Argentina,
19 August, 2022
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2.1 Study area and data used

For this exercise, we will use two Sentinel-2 images of the same area in
Parana River Delta, Argentina, using the Tile Number *20HQJ*
downloaded for two days of summer 2022 (before and after the wildfires)
from the Dataspace Copernicus Open Access Hub
[@https://dataspace.copernicus.eu/].

2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open 2 downloaded products
(unzipped) by double click on the metadata ,MTD_MSIL2A.xmI" inside
the folder. The opened products will appear in Product Explorer window.

S2A_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856.SAFE.zip
S2A_MSIL2A_20220819T135721_N0400_R067_T20HQJ_20220819T211159.SAFE.zip

A: Detecting wildfires on Sentinel-2 image
1. Select the first product in the Product Explorer window.
2. Right click on the product.
3. Open RGB Image Window.
4. In the pop-up window select ‘Sentinel 2 MSI Natural colors (Red: B4;
Green: B3; Blue: B2).
Produc‘lEprorerX|PierInfo | = ESeIectRGB-ImageChannels x|
w5 [1] 52A_MSIL2A_20220730T135711_N040D_R067_T20HQJ_20220730T210856 E
- [2] 52A_MSIL2A_20220819T135721_N0400_R067_T20HQ]_20220819T211159 Profile: =
Eentingl 7 1 Fatiiral Colors &3 8 im [ 2
Navigation - [1]...| Colour Manipu... | Uncertainty Vi... |World View X | — =
Red: |B4 [ foen =<
[ fixed range min max _g
Green: B3 e -g
[ fixed range min max g
Blue: |B2 | e ﬁ
[ fixed range min max =
2000 Km z
Off Globe B s ;.
¥ —-¥ - Lat - Lon - Zoom - Level — [ Pixel Spading: —-m —-m [ 3 A3|
5. Repeat the process for the second product.
6. Tile two opened RGB Windows, e.g. horizontally

7. In the Navigation window, zoom in to the wildfire region and
syhnchronise views to see the same area before and after wildfires

v o

Product Explorer X | Pixel Info ‘ o
#-81 [1] S2A_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856
@81 [2] S2A_MSIL2A_20220819T135721_N0400_R067_T20HQJ_20220819T211159 |

|World View |

Aseiqry pnpoud i

Navigation -... X 1 C i rtainty Vi

Jabeueyy 124 L[n

B

=

s

1:300.49 | e H@ | §
X —-Y - lat -—-lon - Zoom - Level — Pixel Spacing: —m —m @ 3
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Do the same process for obtaining the color compositionin false colors:
1. Select the first product in the Product Explorer window.

Right click on the product.

Open RGB Image Window.

In the pop-up window select ‘Sentinel 2 MSI Atmospheric penetration
(Red: B12; Green: B11; Blue: B8A).

Apply color manipulation (stretching) for RGB
Repeat the process for the second product.
Tile opened RGB Windows, e.g. evenly

If necessary, in the Navigation window, zoom in again to the wildfire
region and syhnchronise views to see area before and after wildfires

Hwn

® N O W

Product Explorer X | Pixellnfo | — | [ [1] Sentinel 2 MSI Atmosp... ¥ O [ [1] Sentinel 2 MSI Natur
@8 [1] 52_MSIL2A_20220730T135711_NO400_R067_T20HQJ_20220730T210856 | [ A4y = WiEy, :
@5 [2] S2A_MSIL2A_20220819T135721_N0400_R067_T20HQ]_20220819T211159

Ateaqr pnpoud &

Navigation -... X ‘ Colour Manipu } World View ‘

N

| uncertainty Vi

Jabeueyy 12de (L[]

W |

SRR =
1:376.03 | o @ \, . §
X —-Y - [ Lat -- Lon - Zoom -- Level -- [ Pixel Spacing: --m —m [ @ 3

Now let’s detect the smoke plume:
1. Keep only the Sentinel 2 MSI Atmospheric penetration composition
with visible smoke plume from 19 August open

2. Go to Mask Manager, and scroll down to the Maths masks
3. Select: “scl_cloud_medium_prob" and “scl_cloud_high_proba"
4. To visualize the masked areas better, lower the transparency(e.g. 0.1)

[ [2] sentinel 2 MST Atmospheric penetration RGE X ||: Mask Manager X & |Gy
b R N & ‘S‘-‘ T AR S L -
'3_\ i 3 ’} | | 62| Name Type  Co.. Tra... Description f(x) [x] 2
| ESEaal ! l— c
B ; N 5
[ |saturated_|1a_B12 Maths 0.5quality mask - Saturated pixels L1A -B12 ™ E‘% =
g
- | 1 [sd_nodata Maths 0.5/Mo data o
o -
! |:| scl_saturated_defective  |Maths 0.5/3aturated or defective
4 | [] |scl_topographic_and_ca...[Maths |[Jll| 0.5 topographic and casted shadows =
[ |sd_deoud_shadow Maths - 0.5|Cloud shadow -
|| [ |sd_vegetation Maths |:| 0.5|Vegetation &
=
; [ |sd_not_vegetated Maths I:I 0.5|Not vegetated %
O |sd_water Maths I:I 0.5(Water 5
o | [T |sd_undassified Maths I:I 0.5|Undlassified
i scl_cloud_medium_proba  |Maths 0.1|Cloud (medium probability) =
: sc_coud_high_proba Maths 0.1|Cloud (high probability) =z
i [ |sd_thin_dirrus Maths 0.5(Thin cirrus "%‘
- [ |sd_snow_ice Maths 0.5/Snow or Ice W %
< > @ |3
-Y - Lat - Llon - Zoom — Level — Pixel Spacing: —m —m E_-Q 3

Fire + cloud plume map
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Let's export this View as an ima

Because of multiple S2 spatial sizes, we first have to resample the data.

Resample to highest spatial resolut

ge and safe as a GeoTIFF:

ion: 10 m (e.g. B2).

NOTE 1: The input product

NIR SWIR

v

contains 13 spectral bands ¢
in 3 different ‘
(The

spatial
surface
the

resolutions

area measured on
ground and represented by
an individual pixel). When

we open the RGB view all

the
view is displayed in the full P

however,

|

i

|

|

|

\

J

our input bands have 20 m |1om |
resolution, \
-

10 m resolution. Credits: ESA 2015

5 B7 BBa
|I | } ot i I |
Red-edge | |
|

v
-~

B9

{ Snow | ke | clod diserimination

B11 B12

o
LLJ

Raster->Geometric->Resampling:
+ Keep I/O names

« In Resampling Parameters, select B2 (10 m)

E Resampling
File Help

Resampling Parameters

Source Product

MName:
[1] 52A_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856 -

Target Product
Name:
S2A_MSIL2A_20220730T135711_N0400_R067_T20HQI_20220730T210856_resampled
[] save as: | BEAM-DIMAP
Directory:

C:\Users\Onacdilova

Open in SNAP

@esa @, USTAV GEOGRAFIE

X ﬂResampling
File Help

If0 Parameters Resampling Parameters

Define size of resampled product

(®) By reference band from source product: |82

Resulting target width: 10980
Resulting target height: 10980

Resulting target width: 54390

Resulting target height: 5430

Define resampling algorithm

Upsampling method: Mearest
Downsampling method: First
Flag downsampling method: First

[[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

() By target width and height: Target width: 10,980 =
Target height: 10,980 5
Width [ height ratio: 1.00000

() By pixel resolution (in m): 205

UNIVERZITA
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Let’'s create a subset based on the current view

- Display the image. Note that now many more color options are
available. Select MSI Atmospheric penetration

¥ select RGB-Image Channels X | select RGB-Image Channels *

Profile: Profile:

Sentinel 2 MSI Matural Colors ?Senﬁnel 2 MSI Atmospheric penetration

Sentinel 2 MSI Natural Colors A

Sentinel 2 MSI False-color Infrared | e Red: | B12 v

Sentinel 2 MSI False-color Urban )

Sentinel 2 MSI Agriculture R [] fixed range REY R

Sentinel 2 MSI Atmospheric penetration

Sentinel 2 MST Healthy Vegetation bl ) £ Green: |B11 >

Sentinel 2 MSI Land/Water i [] fixed range = i

Sentinel 2 MSI Natural with Atmospherical Removal W 9

Blue: B2 W[ e Blue: |BBA w

Xed range min max Xed range min max

[ fixed rang i [ fixed rang i

[ store RGE channels as virtual bands in current product [ store RGE channels as virtual bands in current product

Cancel Help Cancel Help

+ Make a zoom and add the cloud masks again

B snap - [m] X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help 1)
= ] " \ i 7 i > B GCP g 222 v iyiviy
S DE S dPIQ/rUOBEY CBELSBITEE O iviviy
Product Explo... X}Pixellnfo ‘ = !EMask Manager X & 15
-5 [1] S2A_MSIL2A_20220730T135711 ol
o b n il || @ N T Co... Tra... D ti x) [X. o
6-68) [2] S2A_MSIL2A_20220819T135721 - ype . o... Tra escription f(x) [x] g
-6 [3] S2A_MSIL2A_20220819T 135721, | [ |dirrus_dlouds Maths |[:! 0.5|quality dassification - Cirrus A & o
2 5 ‘> i [] isnow_and_ice_areas Maths l|:| 0.5|quality classification - Snow D = E,-
: & | (] |sd_nodata Maths [l 0.5MNodata d =
| [] |sd_saturated_defective [Maths !- 0.5|Saturated or defective L =] = | =
; Q = | [] |sd_topographic_and_ca...Maths |[Jllll  ©0.5|topographic and casted sha B i
< L o
2 Q [ |sd_cloud_shadow Maths (- 0.5|Cloud shadow 3
i | 9 | " =
: Q ; [ |sdl_vegetation Maths !- 0.5|Vegetation §
- [] |sd_not_vegetated Maths [:] 0.5|Not vegetated ]
o || [ |sd_water Maths |-‘ 0.5Water
[ |sd_undlassified Maths [- 0.5|Undassified =
% % sd_cloud_medium_proba |Maths 0.1|Cloud (medium probability) =|
. % E sd_cloud_high_proba Maths 0.1(Cloud (high probability) 3',; [
2 . IRV T [ |sd_thin_cirrus Maths 0.5([Thin cirrus 9 g
1:217.84 | | e H@ | > = (DK
X -—-Y - Lat - Lon - Zoom - Level - Pixel Spacing: —m —m \:g 3

+ Right-mouse button -> Spatial Subset from View - in the Band Subset
you can select all or only few bands to be exported

[ [5] Current Profie R X | | B specify Product Subset X [ Specify Product Subset X
¥
3
% Spatial Subset  Band Subset Tie-Point Grid Subset Metadata Subset Spatial Subset Band Subset  Tie-Point Grid Subset  Metadata Subset
3
ct [ 81 Reflect band B1 2
= ¢ Bixel Coordinates’ Geo Coordinates L sflectancs in bam
FAo it o2 reftectance in band B2
ooy oW s Scene start X: 4,397[%
= | B2 ‘Reflectance in band B3
3 Scene start ¥: 3,405
& B4 Reflectance in band B4
g Scene end X: 10,9795
2 = B5 Reflectance in band B5
Export View as Google Earth KMZ 2 Scene end Y: 10,3374
e : B8 Reflectance in band BE
port View as Image =
Export Colour Palette as File B : = = FEERETIE I 2 v
Scene step Y: 1 < >
Spatial Subset from View... . g::::: :E::s :i?m: ::g;‘g Selectal [ Selectnone
Copy Pixel-Info to Clipboard i
= -
¢ Estimated, raw storage size: 11395.5M Estimated, raw storage size: 11395,5M
Cancel Help Cancel Help
- Level — Pixel Spacing: —-m —-m @
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Let’s reproject the image in Latitude & Longitude coordinates
* Raster->Geometric Operations->Reprojection

+ Select the default: Geographic Lat/lon (WGS 84)

* Run (writing might take some time)

E Reprojection x E Reprojection *
File Help File Help
1/0 Parameters  Reprojection Parameters 1/0 Parameters
ST Coordinate Reference System (CRS)
Name: (@) Custom CRS
[4] subset_D_of 524 _MSIL2A_20220819T135721_N0400_R067_T20HQ]_20220819T211159_resampled
Geodetic datum: |World Geodetic System 1984
o Projection: Geographic Lat/Lon (WGS 84) v
Name: Projection Parameters...
subset_0_of_S24_MSIL2A_20220819T135721_N0400_RO67_T20HQJ_20220815T211159_resampled_reprojected
() Predefined CRS Select...
Save as: BEAMDIMAP v — — - -
() Use CRS of [1] 524_MSIL2A_20220730T135711 NO400_R067_T20HQ]_20220730T210856
Directory:
Z:\FSA_ENEUM'exercise_8| - Output Settings
Openin SNAP Preserve resolution Reproject tie-point grids
Output Parameters. .. No-data value: MaM
[] Add delta latflon bands Resampling method: | Nearest w
CQutput Information
Scene width: 7846 pixel Center longitude:  60°01'58" W
Scene height: 6929 pixel Center latitude: 33%0720°S
CRS: WGS84(DD) Show WKT
o R ] [

Now we can export View as GeoTiff
« Right mouse button: Export View as Image
« Select: Full scene, Full resolution, GeoTIFF

B SNAP - Export Image X
& [3] Sentinel 2 MSI Atmospheric penetraton RGB X -
Save in: exercise_§ v ¥ Ea-
s, : “y Image Region
[ Nazov .. Typ pologky
= 524 MSIL2A_20220819T135721_NO4OO ROS7...  Priedinok si..| = "o 890
Naposledy p... S24_MSIL2A_20220730T135711_NO400_RD67... Priefinok sii...| (@) Ful scene
. Image Resalution
Pracovnd plo... Wiew resolution
= (@) Full resolution
= (C) User resolution
Dokumenty <
& File name: 524_MSIL24_20220819T135721_T20HQJ_RG. tif
Tento poditac F1eS Of tYPe! | GeoTIFF - TIFF with geo-location (*.4f, *.tiff) > Cancel

Export Mask Pixels
Export View as Google Earth KMZ
Export View as Image

Export Colour Palette as File

g

. |
& . . ’)’
Py Spatial Subzet from View... N
Copy Pixel-Info to Cllpl::n:uard I;\-

= - e
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Now we open the output image in QGIS

« We can overlay it to e.g. Google Satellite or Bing aerial image:
+ Web->OpenlLayers plugin->Google Maps->Google Satellite

* Move the Subset above the satellite

« Play with Transparency: Properties->Transparency (e.g. 80%)

(2 *Untitled Project — QGIS - m} X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh HCMGIS SCP Processing Help

DEERRY UL RI PPRAS~NEaLNOZ @ ¥ == 0-m-
B@Vo 28 ' " - @R a0
-5 2 ~Band:| 1 ~ | |0 ,’/9.‘!81\, d&ﬁ = E;]» »

Processing Toolbox ®
‘a' &0 E N

Layers (SE3)
¥ @ ® TV -0

== subset 0 of S2A MSIL2A 202208
V' Bing Aerial

- Recently used
(@ Cartography
(Q Database

Q@ Filetools

(@ Interpolation
(@ Layertools

Q@ Mesh

) Network analysis
Q Plots

(2 Raster analysis
( Raster creation
@ Raster terrain analysis
@ Raster tools

@ Vector analysis
@ Vector creation
(@) Vector general
(Q Vector geometry
@ Vector overlay
(@ Vector selection
() Vector table

@ Vector tiles

& GDAL

& GRASS

& saca

4 Type to locate (Ctrl+K Coordinate | -6738211,-3891200 % Scale | 1:669514 | ~ 8 Magnifier | 100% ~| Rotation |0,0° %) |VIRender #EPSG:32720 Q

@esa @ USTAV GEOGRAFIE PR ozt S




B: Burned area mapping with Sentinel-2
How to quantify the impact of the Parana wildfire?

Let’'s have look to the before & after images:
e Open RGB Image Window:

e Select: MSI Atmospheric penetration

e Window-> Tile horizontally, zoom in

B2 (1] Sentinel 2 MSI Atmospheric penetration RGB - S2A_MSIL2A_20220730T135711_N0400_R067_T20HQ)_20220730T210836 - Z:\Projekty\2023...  — m} X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Q~ Search (Ctrl+1)

. : = - 73 & v viviviviy
AR HDE LS JPILR [ AA MO BRI Y TBESY ivivivivie

Product Explo... X ‘ Pixel Info ‘ — ﬂ [1] Sentinel 2 MSI Atmospheric penetration R... i 1 Atmospheric penetration R.
@5 [1] S2A_MSIL2A_202207307135711 || M T s.;’?i' A st | ISR g
@& [2] S2A_MSIL2A_20220819T135721 | | &

Aleiqr pnpoid |

X ICoIo... ‘Unce...‘Worl... |

J1abeuely jsel iy

® vELAAL |,

X -y - ‘ Lat - Lon - Zoom - Level — Pixel Spacing: -m —m @

Let's create a cloud mask:

e Go to Mask Manager, and scroll down to the Maths masks

e Select: cloud medium & cloud high probability & Thin cirrus
e To visualize them better, lower the transparency (e.g. 0.1)

[ [1] sentinel 2 MSI Atmospheric penetration R... [ Mask Manager X 127
. 4 3 e o i fg"- prel el
%@ fie 'l , A | @ | Name ... Colour Tra... Description fx) [x] | g
A G ) = . - - - - 8 | 5
v p 5 2 A % | [ |sd_nodata . 0.5Nodata E}& =
: % e [] |sd_saturated_defective 0.5|Saturated or defective Lm I ] E
# | [ |sd_topographic_and_... ... Ml/ldl  ©-5/topographic and casted sh B ‘,;'
[] |sd_cloud_shadow - 0.5|Cloud shadow @ =
| [ |sd_vegetation _ 0.5|Vegetation & z
1| | [ |sd_not_vegetated 0.5/Not vegetated z
3 W :
[ [sd_water 0.5|Water e e | 3
| [ |sdl_undassified 0.5|Undlassified :;@: % 'r.j
: sc_cloud_medium_proba|... 0.1|Cloud (medium probability) % ﬁ
scl_cloud_high_proba  |... 0.1(Cloud (high probability) @\«.
isd_thin_cirrus 0.1/Thin cirrus
1 | [ [sd_snow_ice 0.5/Snow or Ice v
B S %)
sy { S 3 5 & i
X o=y — Lat —lon - Zoom - Level - Pixel Spacing: —m —m 2

Now we make a cloud band based on the selected mask
e Band math expression
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We make a cloud band based on the selected mask
« Navigate to Raster - Band Maths
« Name the new mask: clouds

B Band Maths b4 | £ New Logical Band Maths Expression x
Target product: Data sources: Expression:
[1] 52A_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856 ~ scl_cloud_shadow & @and @ scl_cloud_medium_proba or
— douds| scl_vegetation aoa scl_cloud_high_proba or scl_thin_cirrus
pa— scl_not_vegetated
escripuon:
) scl_water T
Lo scl_unclassified (@)
Spectral wavelength:| 0.0 scl_cloud_medium_proba Constants... e
Virtual {save expression only, don't store data) scl_cloud_high_proba Operators. .. e
Replace MaM and infinity results by NaN SE T S v Functions... ~
Show bands
[[] Generate assodiated uncertainty band
] Show masks
Band maths expression:
Show tie-point grids

OK Cancel Help - -

Load... Save... Edit Expression... Show single flags

Adding the cloud mask as a band

e On the image, right click-> Band Maths

e Make sure to deactivate “Virtual”. We want to store the data!
e Go to “Edit Expression”

e Select Clouds

Repeat for the second image

{3 Band Maths > E Band Maths Expression Editor X
TR Product: | [2] 52B_MSIL2A_20220824T135709_N0400_R067_T20HQI_20220824T 195004 -
[2] 52B_MSIL2A_20220824T135709_N0400_R067_T20HQ]_20220824T 195004 - -

Data sources: Expression:
Ban= cloud_mask 52.=cl_not_vegetated - @+@ $2.CIOudS|
Description: $2.scl_water

= @-@
Unit: £2.=cl_unclassified
*

Spectral wavelength:|0.0 52.scl_cloud_medium_proba a‘a

[ ¥irtual {save expression only, don't store data} 32scciudohrcoh e

L 52.scl_thin_cirrus (@)
Replace NaN and infinit MaM

52 =cl_snow_ice
. . Constants... ~
Generate associated uncertainty band 22 clouds

Show bands
Show masks
Show tie-point grids

Band maths expression: Operators... b

Functions... ~

Load... Save... Edit Expression. ..

@ 0Ok, no errors,
Cancel Help Cancel Help

Show single flags
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Vizualize all products
+ Windows: Tile evenly
* Navigation: zoom all

E [2] Sentinel 2 MSI Atmospheric penetration RGB - S2A_MSIL2A_20220819T135721_N0400_R067_T20H... — O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ctrl+
ain A diPw i oA A @ [ v ivivivivivig
| Product Explo... X |Pixelinfo | — | [ [1] Sentinel 2MSIAtmo... ¥ O [ [1] doud_mask x| ¢ voO

. . el Ao R R e : : -

-

— ~————
+-= [1] S2A_MSIL2A_20220730T135711 .

1abeuely 124e LL[] h

Ateaqr pnpod A0

1abeuely ysel Iy

Lon - Zoom - Level -

Tools - Graph Builder
B Graph Builder *
File Graphs

| Read HMsampleH Subset BandMerse|>-—)| Write |

° Add_>RaSter_>Ge0metr|C_>Resample ESNAP-SaveGraph W

. Savein: exercise_9 w & ER-
+ Add->Raster->Geometric->Subset

et Nazov Velkost' ... Datum dprav
- Add->Raster->BandMaths = e
MNaposledy p... < >
+ Add->Raster->BandMerge B e
® Sa ve y0 ur cre ated g ra p h Pracovnd plo...  Files of type: Graph (=ml) Cancel
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Tools — Batch processing

This allows to process both images at the same time.
- Click on Add opened

- Load your graph

- Make sure to refresh

E [2] Sentinel 2 MSI Atmospheric penetration RGB - S2A_MSIL2A_20220819T135721_N0400_R067_T20H... — m} X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
aB HE L b JPIRLR [ Aer @By ivivivieivi

37Product Explo... X | Pixel Info [ | @ [1] Sentinel 2 MSI Atm S W D ;@ [1] doud_mask
| @& [1] S2A_MSIL2A_20220730T135711 | .
| @& [2] S2A_MSIL2A_20220819T135721 |

J1abeuely 12ie [m h

"
o
3
o
5
=
o
b ) [E [2) sentinel 2 MSI Atmo... ¥ O [ [2] doud_mask x| b=
< | g RN . vIT ]

X | Colo... ;Unce... Worl...

J1abeueyy) yjsep)

Lon - Zoom - Level — Pixel Spacing: —m —-m Eg
2l Batch Processing x
File Graphs
S2A_MSILZ2A_20220730T135... -

S2A_MSIL2A_20220819T135... 19

e A | ype Acquisition Track Orbit ':|I]:'
S2A_MSIL2A_20220730T13... |S2_MSI_Level-24|30Jul2022 99999 99599 ?]:
S2B_MSIL2A_20220824T135...[52_MSI_Level-2A |24Aug2022 99999 99399

[=—1
|
55
%
s
2 Products

Target Folder

Save as: BEAM-DIMAP £

Directory:

Ci\Wsers\Onadillova\Desktop\ESA_ENEUM\exercise &
[] skip existing target files Keep source product name
Run remote Load Graph Run Close Help
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Resample
e Select a reference band: B2 at 10 m.
e Resampling method: Bilinear

a Batch Processing : myGraph.xml x
File Graphs
IjO Parameters Resample  Subset BandMaths BandMerge
Define size of resampled product “
B2 v
(@) By reference band from source product: Resulting target width: 10980
Resulting target height: 10980
Target width: 10,980 =
() By target width and height: Target height: 10,980 5
Width [ height ratio: 1.00000
100 5
(T By pixel resolution {in m): Resulting target width: 1098
Resulting target height: 1098
Define resampling algorithm
Upsampling method v
Downsampling method First v
Flag downsampling method First w v
Run remote Load Graph Cloze Help
Subset
e Select bands: B3, B8, B12, Cloud_mask
e Select Geographic coordination
e Click on A, zoomin to the area of interest
e Select a yellow box within the red square
i34 Batch Processing : myGraph.xml X

File Graphs

1/O Parameters Resample Subset BandMaths BandMerge

Source Bands:

Copy Metadata

() Pixel Coordinates  (®) Geographic Coordinates
Reference band: B1

Run remote Load Graph Run Close Help
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Ba nd Math &0 EXPLOITING SPECTRAL RESPONSE CURVES
e Go to “Edit EXpI’GSSiOﬂ” i S BUANED
e NBR: Normalized Burn Ratio: '

=
(B8-B12)/(B8+B12) =
=} \Y/ \,  HEALTHY
B - VEGETATION
File Graphs ELECTROMAGNETIC SPECTRUM (Wavekage jm)
S ———  —— —
045 @ 088 07 050 208 235
I/OParameters Resample Subset BandMaths  BandMerge VISIBLE NEAR INFRARED DiE) SHORTIAVE IFRARED (VIR0
Target Band: MBR.
Target Band Type: |float32
Band Unit: 8 Arithmetic Expression Editor *
No-Data Val
oA ) S Data sources: Expression:
Erpression- iy [ ~ a+@ {BE- B12)/(B8+ B12) ~
B8
@-@
B12
cloud_mask2 hd a‘a
Show bands @/@
Show masks (@)
v
Show tie-point grids | Constants... o — ; .
Show single flags Operators... w :fm_: @ TyanEnTE
Cancel Help

Edit Expression. ..
Run remote Load Graph Close Help

Band merge
e Keep the source bands: NBR, B3, B8, B12, cloud_mask

E Batch Processing : myGraph.xml pd

File Graphs

1/O Parameters Resample Subset BandMaths BandMerge

Source Bands: [NBR::Subset_S2A_MSIL2A_20220730T135711_NO400_R067_T20HQI_20220730T210856_resam...
B3::Subset 524 _MSILZA_20220730T135711 N0400_RO67 T20HQ]_20220730T210856_resampled
BS::5ubset_S24_MSILZA_20220730T135711 N0400_RO67 T20HQ]_20220730T210856_resampled
B1Z:5ubset 524 MSIL2A_Z0220730T135711 NO400_RO67 T20HDI_20220730T210855_resam...
doud_maskZ::Subset_S2A_MSIL2A_20220730T135711_NO400_R0OS7_T20HQI_20220730T21085...

Run remote Load Graph Close Help
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Running and visualizing the NBR band

Try a color table:

e Colour manipulation: Open color table, choose a color gradient, e.g.
»~derived from meris_cloud"

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help {Q‘ Search (Ctrl+]) l

A BE LY dPaQ /A l@®nwl# X TRBELSBiv iviviviy

Produc... X |Pixellnfo | — || &
T TR vo©TmuTiy |
[ B12(2190.0 nm) %
i@ doud_mask 3
] Ner2 v 5
3
L
x| col... | [ [ - 2
25
o
S
o
5
=
o
s
<
B =
=
X —-Y - lLat -—-lon - | Zoom — Level — Pixel Spacing: —m —m @
2! (5] NBR - subset_3_of_S2A_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856_resampled - not saved - SNAP = [m} X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help [Q~ search (ctrl+]) ‘
= = A r o= @ ; GeP ] v viviy
EF DE TUJPIQ A LUOR T GBELSBTEE Ny (viviy
Product Explorer X | PixelInfo | — |[E e x| ~ O @ 6lner2 x| &
[ 83 (560.0nm) ~ | [ 4o 5o IR o % | =
- 88 (842.0nm) WW AR X 5
[ B12(2190.0 nm) J o 2
i@ doud_mask ¥ g
[} NBR2 v A §
Navigation...| Colour... X | Uncertaint...| World View |
Editor: @) Basic () Sliders () Table @ 2 ;
s
o
Scheme Logyq 5
{ ==
- none - v Iﬁ' g
<
£
Palette
derived from meris_doud I 2| =
== 25 ‘%‘ ., =z
[[] Load exact values Reverse ke 4 S o & PR u §
% e DT g
Range A » g S v 8 % []
Min: -0.476927¢ Max: 0.5346223 v R S s R N e £ e e R A A A AL ey %
X =Y - [ Lat -—-Llon - Zoom -- Level - Pixel Spacing: —m —-m @
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You can also set the position of sliders and color them for better
visualization or change ranges of values in the Table tab.

NBR ranges between -1 and 1. A high NBR value indicates healthy
vegetation. A low value indicates bare ground and recently burnt
areas. Non-burnt areas usually have values close to zero.

B snap — ] X
file Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ctri+])
SR DESUIPIR AP UWOO T BB ALTOEE by vivs
Product Explorer X ‘ Pixel Info = ﬁ [(INBR X| Bl JOL = X‘ _ NG 8 it 8 &
[ B3 (560.0 nm) A | (g e T 7 1) ;’mg =
| £ i X
[ B8 (842.0 nm) o | Healthy 'LJ &2‘5
[ B12(2190.0 nm) iRsfee K
i E doud_mask T g Vegetatlon e R *‘ §
[ ner2 v | = - B
v!‘a"g,aﬁo"'"l,Co,'°,“":', X lUr)cVerta?nrt.V.._World View =il | '. |
Editor: () Basic (@) Sliders () Table by L \“ ;'
| 1o
Name: NBR > | g
Unit: Bt
Min: -6.333 : N . i | =
Max: 1.714 S | <
L Recently AN
' bumed S
areas E
a
£ 3 | 5
o b g
Zoom - Level — Pixel Spacing: —m —-m @

Burn severity - dNBR

The difference between the pre-fire and post-fire NBR obtained from the
images is used to calculate the delta NBR (dNBR or ANBR), which then can
be used to estimate the burn severity. A higher value of dNBR indicates
more severe damage, while areas with negative dNBR values may indicate
regrowth following a fire. The formula used to calculate dNBR is illustrated
below:

dNBR or ANBR = PrefireNBR - PostfireNBR

Go to Raster - Band Maths and Edit Expression

E 1 E Band Maths Expression Editor X
Ml
Target product: Product: {57 subset 3 of 534 Mall 28 202207301 136711 MO400 067 TI0HO, S02207 3rss §
[5] subset_3_of S2A_MSIL2A_20220730T135711 NO400_... || pats sources: o
MName: dMBR. [ $5.B3 R+@ $5.NBR- $6.MBR2
Description: s5.B8 @-@
it 55812
nit: .
25.cloud_mask e'e
Spectral wavelength: 0.0 il [s5.nBR aa
Virtual (save expression only, don't store data) @)
Replace NaM and infinity results by Mah Constants... ~
[[] Generate associated uncertainty band Show bands Operators. . i
Band maths expression: _ Functions... il
Show masks

$5.MEBR-- 56.NBR2

[ show tie-peint grids
Load... Save... | Edit Expression... |

Cancel Help

:ﬁ : Ok, no errars,

Cancel Help

Show single flags
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Set the position of sliders and color them for better visualization or change
ranges of values in the Table tab.

NBR ranges between -1 and 1. A high NBR value indicates healthy
vegetation. A low value indicates bare ground and recently burnt
areas. Non-burnt areas usually have values close to zero.

dNBR values can vary from case to case, and so, if possible, interpretation
in specific instances should also be carried out through field assessment;
in order to obtain the best results. However, the United States Geological
Survey (USGS) proposed a classification table to interpret the burn
severity, which can be seen below in the table.

B (5] subset_3_of_S24_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856 _resampled - [not saved] - SNAP - a X
ile Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help ‘
A HE S S J P [ Aer Al ORI |# viviy
Product Explorer X l Pixel Info \ —_ ;ﬁ[sjd_NBR xi vyvO g
i-[# B8 (842.0 nm) 7 =
i B12(2190.0 nm) Bl e &
i@ doud_mask S i s
[ Ner (328 i Unburned 5
-7} dner Y A U i 3
Navigation..._li(:plggr... X EUncenaint..._World View ‘ = ; =
Editor: () Basic (@) Sliders () Table > Bl @
Logyg g
Name: d_NBR 2% B
Unit: i 2
Min: -6.456 S 5
Max: 1.313 =% 5
100%
oo
= =
A I 5
T, , .  Severity | :
4 el = X C—
Boo ﬁ 3 & R < @ > a &
7l [y
Y - Lat - Lon - Zoom -- Level - Pixel Spacing: --m --m @
Severity Level dNBR Range (scaled by 103) dNBR Range (not scaled)
[ Enhanced Regrowth, high (post-fire) -500 to -251 -0.500 to -0.251
Enhanced Regrowth, low (post-fire) -250to -101 -0.250to -0.101
0 unburned -100 to +99 -0.100 to +0.99
Low Severity +100 to +269 +0.100 to +0.269
Moderate-low Severity +270 to +439 +0.270 to +0.439
¥ Miderate-high Severity +440 to +659 +0.440 to +0.659
. High Severity +660 to +1300 +0.660 to +1.300
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Comparison: Severity map, NDVI and false color composition

To compare different views of the same area and explore it more in detail,
create also NDVI and false color composition. You can observe, that areas
with high NDVI values correspond to the barren areas affected by
wildfires. False color composition also depicts areas affected by fire — these
areas are shown in dark pixels. False color composite B8-B4-B3 of the
Sentinel 2 image (during fire), with superimposed ongoing wildfire sites,
note that the smoke direction is corresponding to the wind direction.

B (5] d_NBR - [subset_3_of_S2A_MSIL2A_20220730T135711_N0400_R067_T20HQJ_20220730T210856_resampled] - [not saved] - SNAP = O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help ‘Qv Search (Ctrl+I
= N m 1 77 # GCP  gn 222 viviyiy
S HE S A PIRQR A UORMmE T LB ELSB T RN OQ Ariviviy
Product Explorer X | Pixel Info [ — || (41 novt XL,. R B s1dner x SAkax 2
“H 88 (@42.0nm) ~ | TR N ] T T “vﬁl_g;ﬂ s
[ B12(2190.0 nm) 7 s LA P
|25 & 2
[ doud_mask | o
[0 ner | e i
[0 _dNER bl 15 g

1 Colour Ma...l Uncertaint... \ World ... X -

Aleiqr pnpoid 2

' z

=

2

S =

o

-]

3

b=}

[

Off Globe - Downloading £

| X —Y Zoom — Level — @2

For more information, see the lecture: 8. Mapping wildfires and burn

severity using multispectral data

THANK YOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 9 - TUTORIAL

Air quality monitoring using Sentinel-5 data -
practicals, using SNAP software
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1 | Exercise outline

In this exercise,we will:

Define suitable search criteria (time range, area, satellite, satellite
product, visualization type) and compare images from different
sensors in EO Browser for a case study in air pollution

Explore impact of Covid-19 on different cities in Europe
Interpret Sentinel-5P NO2 maps in SNAP
Context information with Sentinel-2

Monitor volcanic emissions with Sentinel-5P

UNIVERZITA
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2 | Background

Nitrogen dioxide (NO2) is a common air pollutant that plays a big role in
the formation of smog and acid precipitation. Over 90% of the overall
nitrogen oxide emissions are released into the air during the combustion
of diverse fuel types.

There has been a notable increase in the amount of satellite data
specifically related to air pollution. In particular, satellite instruments for
observing the lower troposphere have significantly improved. Space
radiometers, like MODIS, GOES, AVHRR and TOMS have proven very
useful in measuring aerosols and air pollutants across large areas. The
latest generation spectrometers, such as TROPOMI, are capable of
detecting NO2 and other pollutants in urban areas.

TROPOMI (Tropospheric Monitoring Instrument) is part of the payload on
the ESA Sentinel-5 Precursor (Sentinel-5P) satellite, designed for the
monitoring of Earth's atmosphere. It is an imaging spectrometer utilizing
passive sun backscatter technology, allowing for the capture of imagery
across eight bands, ranging from ultraviolet (UV) and visible to near-
infrared (NIR) and shortwave infrared (SWIR) spectral domains. This
instrument boasts a spatial resolution of 7 x 3.5 km2 in both along-track
and across-track dimensions. S5-P promptly delivers data on various
trace gases, including O3, SO2, NO2, CO, and CH4).

Sentinel-5P played a crucial role also in monitoring changes in air quality
during the COVID-19 pandemic. By capturing data on NO2 levels from
space, Sentinel-5P helped scientists and authorities assess the impact of
lockdown measures on air pollution. The satellite data provided valuable
insights into how NO2 concentrations fluctuated in response to changes
in human activities and mobility restrictions.

UNIVERZITA
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N

.1 NO2 mapping with EO Browser

1. Login (register for free) to have full access to all the tools in EO
Browser: https://apps.sentinel-hub.com/eo-browser

Navigate to the area of northern Italy

Create an area of interest using polygon - draw e.g. rectangular
shape

Select Sentinel-5P sensor and NO2 (Nitrogen dioxide)

Define Time range: 2020-03-11 to 2020-04-11

Click Search.

Search for the first image from 2020-03-11 and visualise it

W N

Nowunhk

< 95 EO Browser i A nED Log in _én

- E— mmm '
Q Discover 4 ializ = Compare X Pins e
SouthlEasEngland
Search Commercial data Highlights Create darea
¥ Sentinel-5p of interest 9]
M AER Al (Aerosol Index) enandy (Grand|Esti - S —
B CH4 (Methane) .
W cloud Data source -
M CO (Carbon monoxide) . [Swigy erland RE—-
B HCHO (Formaldehyde) se I ection
¥ NO2 (Nitrogen dioxide)
M 03 (Ozone) INew/Aquitaine]
M 502 (Sulfur dioxide)
Time range [UTC] BacaneIAntanamariel .
& 2020-03-11 & 2020-04-11 . . ey
e Selection of time ey telfe .
M filter bv months
=« ] rangeofdata
e . s ISardinial
Powered by Sent with contributions by ¢ a Cq ul S Itl On (Greece]
v3512 4 S _ —
Discover Copernict +
Browser - fCeuta) =

| About E0 Brouzer | Contactus | Get data| Lat 41.57. Lng: 22

i

< @ EO Browser Easiis] O ol g u
Bam D s X € Ll O & e
Q Discover < Visualize + Compare X Pins
L i cm@mwn
L@ iTrentino:SouthiTyroll
Sentinel-5P NO2 §8 Sentinel-5P NO2 | Tty GridtilVerezialGiulial wmﬂn
& 2020-03-11 o5 i ’ Veneto) e

| ® 15:19:55 UTC

< Images that meet | i
the search criteria

Sentinel-5P NO2 £ Sentinel-5P NO2

| & 2020-03-11 e Pl
@® 15:14:55 UTC
_ Gwm
Sentinel-5P NO2 @ Sentinel-5P NO2 M, b [Y: S—v.
& 2020-03-11 ) P H H
| T & oo g V|suaI|zat|c_)n of the o, VSt
selected image e

Powered by Sentinel Hub with contributions by ESA
wsie o i TEELY IMarche]

Discover Copernicu y Umbrial *

Browser T _

= Lat 44222 Lng: 6.702 ‘m
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https://apps.sentinel-hub.com/eo-browser

8. Visualize the legend too

9. Add to Compare the Sentinel-5P NO2 image from 2020-03-11 by
using Add to Compare function.

10. Repeat the process with the second image - last search result (2020-
04-11), visualize it and Add it to Compare

arlanad
M€ ENGLISH ~ (U] ‘

< 95 EO Browser

Add images to
Compare

Q, Discover & Visualize . Compare X Pins
Dataset: Sentinel-5P NO2
Date: 4 @ » 2020-03-11 Timespan

<

Lombardy

Brescia

., Milan

i S
Visualize and

»+8 read thelegend

] eraro®
s o ‘R: . ’
o ¢ Modena " fig
s 8 . -
ks et § C. Emllla—R_&magna ST

"‘Eiguria m r Forli

11. Now go back to Search tab and search for suitable cloud-free
Sentinel-2 images for the same area of interest (Note: In this case it
may be necessary to use two Sentinel-2 images from two different
days with overlap - e.g. from 2020-04-23 and 2020-10-28) - Add
them to Compare)

12. Open the Compare tab and explore images - NO2 emissions before
and during the restrictions against Covid-19 and Sentinel-2 true color
compositions

e o e L e . AT o - e
» INGUSH v () i Sy R N /& Educaton @ hg -1
> i MR S s = +

: i Y J . @ 8924520 km? X O 20O & e
Q Discover & Visualize +# Compare X Pins ;- 2 ¢ - ¥ " Bolzano 3 g 3 > 3

S s 3

~ ; B 2 : e | W e

- a < : ¢7 3 o sl DYir IR S B "“

Spiit

< 95 EO Browser

3

Sentinel-2 L. _TRUE_COLOR
Date: 2020-04-23
Lat/Lon: 4545, 10.01 | Zoom: 8

Split position:  @—————i
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Sentinel-2 L2A: 1_TRUE_COLOR Venet(; ;

Date: 2020-10-28
Lat/Lon: 4545, 10.01 | Zoom: 8
Split position:  @————i . Brescid

Novara Milan AN . Vanice
ona Paths Venice

Lombardy

Vicenza

¥ Sentinel-5P NO2: NO2_VISUALIZED
Date: 2020-03-11
Lat/Lon: 45.67, 9.83 | Zoom: 8

T e — Cremona

" rdelli

= Sentinel-5P NO2: NO2_VISUALIZED =]
Date: 2020-04-11 Alessandria,
Lat/Lon: 45.67, 9.83 | Zoom: 8 Parina Ferrara

e T e —

Modena

Powered by Sentinel Hub with contributions by ESA
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Discover Copermcu : T
Browser 2 ) Liguria

& Leaflet | © MapTiler © OpenStreetiap contributors, © Sentinel Hub "¢ % 208 P% .=
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What you are seeing are the NO2 concentrations over Europe as mapped
by the satellite Sentinel-5P on March (begging of Covid-19 restrictions)
and April (after 1 month with Covid-19 restrictions). NO2 concentrations
in clean air are close to 0 (shades of blue) and they only rise when an
emission source is present. For example, large amounts of NO2 are
released by the burning of fossil fuels so industry and vehicle traffic
contribute to high levels of NO2 (shades of orange, red). As you can see
in the image, high concentrations can be found mostly in urban areas,
e.g. Milan, Treviso, Brescia, Verona. Milan is usually ranked as the worst
Italian city in terms of NO2 pollution that often exceeds the mean annual
concentration European limit value.

As we can see, one month after the restrictions hold against Covid-19
made an impact visible on concentrations of NO2. The satellite data
provided valuable insights into how NO2 concentrations fluctuated in
response to changes in human activities and moblllty restrictions.
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Now let’s explore also data from Sentinel-2 for better understanding of
the scene. The Sentinel-5P image covers a larger area than the Sentinel-
2 image. Therefore we use two Sentinel-2 images, which loverlap only a
bit with each other, and which allow us to cover a larger part of Italy
when we put them together. In this way we have more areas of
comparison between the two satellites.
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Note: Observe also that many pixels in the image are empty. That is
because these pixels couldnt be retrieved for example due to clouds.
Since the pixels are also quite large (one S-5P pixel covers an area of
7km*7km) it gets difficult to interpret this image. Let's use data from
Sentinel-2 for better understanding of the scene.
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2.2 Monitoring volcanic emissions with Sentinel-5P

Volcanic eruptions are potent agents of
change, impacting nearby landscapes and
water. They can temporarily alter the
Earth's climate by releasing sulfuric acid
droplets into the stratosphere. Proximity
to volcanoes may necessitate permanent
evacuations, and even distant areas may
experience damage to cities, crops, etc.

Ninety-nine percent of the gas molecules released during a volcanic
eruption consist of water vapor (H20), carbon dioxide (CO2), and
sulfur dioxide (SO2). The remaining one percent comprises small
quantities of hydrogen sulfide, carbon monoxide, hydrogen chloride,
hydrogen fluoride, and other minor gas species, as noted by the US
Geological Survey (USGS).

Copernicus Sentinel-5P Volcanic Sulfur Dioxide

Maps of volcanic SO2 concentrations

+ Sentinel-5P volcanic $02: 7 Jun 2023

Q

Kilauea volcano,
Hawaii

¥

=

S02 column number density (DU}

v 4 8 B 15 = Leaflet | @ OpenStreetMap confributors, @ CartoDB, Sentinel data, S5P-PAL
< 07-06-2023 > LN L]
This online platform uses data from the Copernicus Sentinel-5P satellite and shows the daily sulfur dioxide concentrations coming primarily from velcanic
sources.@
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Lava flows in the Halema'uma'u crater among several active vent sources
as the Kilauea volcano erupts in Hawaii on June 7, 2023.

+ Sentinel-5P volcanic SO2: 7 Jun 2023

SO2 column number density (DU)

20
= Leafiet | © OpenStreetMap contributors, € CartoDB, Sentinel data, SSP-PAL

< 07-06-2023 > LN B
+ Sentinel-5P volcanic SO2: 8 Jun 2023
Q
February 2019 February 2020 February 2021
—_ Py —
o ,“)
4 -
7 d
S02 column number density (DU)
Leaflet | ® OpenStreetMap contributors, © CartoDB, Sentinel data, S5P-PAL
< 08-06-2023 > LN B
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2.3 NO2 mapping in SNAP
Let “s explore NO2 concentrations over Europe in SNAP:

We can open a Sentinel-5P image navigating to File — Open Product -
open the product with the .nc extension:

E SNAP - Open Product X
Look in: SSP_NRTI_L2__NO2 20220228T121657_20220228T122157_22687_02_020301_20220228T133137 v ﬂ( -
£ | S5P_NRTI_L2__NO2___20220228T121657_20220228T122157_22687_02_020301_20220228T133137.cdI ‘ Advanced
= . S5P_NRTI_L2__NO2___ 20220228T121657_20220228T122157_22687_02_020301_20220228T133137.nc
Naposledy p...
File name: SSP_NRTI_L2__NO2___ 20220228T121657_20220228T122157_22687_02_020301_20220228T133137.nc
o Files of type: | All Files 2 Cancel

Prarnvna nin

Select one of the following readers for the selected sile to open it.

E SNAP - Multiple Readers Available X

0 Multiple readers are available for the selected file.
The readers might interpret the data differently.
Please select one of the following:

Generic NetCDF Data Product v
Generic NetCDF Data Product
NetCDF following CF-Convention

II] Cancel

Double click on selected layer that we want to visualise

Product Explorer X . Pixel Info . —_— (n [1] nitrogendioxide _tropospheric_column X
[©-8 [1] SSP_NRTI_L2__NO2___ 20220228T121657_20220228T122157 A |
#- (0 Metadata
#- (@3 Index Codings
- (33 Flag Codings
- (@3 Vector Data
=-&3 Bands
B Iatitude
B longitude
[l qa_value
&1 nirogen:

Ateigr pnpoid

1abeuey ysejy) Q.]

u nitrogendioxide_tropospheric_column_precision_kernel v
< >

Navigatio... Colour M... | Uncertai... iWond... X ‘LayerEdi... =

Downloading

Lat - Lon - Zoom -- Level — Pixel Spacing: --m -—-m @
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Raster — Geometric — Reprojection
Select Custom CRS - WGS84:

B Reprojection X E Reprojection X
File Help File Help
1JO Parameters | Reprojection Parameters |
Coordinate Reference System (CRS)
(®) Custom CRS

1/0 Parameters  Reprojection Parameters
Source Product
Name:
[1] SSP_NRTI_LZ_NOZ___20220228T121657_20220228T122157_22687_02_020301_20220226T133137 ~

Geodetic datum:

Projection: Geographic Lat/Lon (WGS 84) v

Target Product

Name:

S5P_NRTI_L2_NO2___ 20220228T121657_20220228T122157_22687_02_020301_20220228T133137_reprojected
— (O Predefined CRS Select...

| Save as: BEAM-DIMAP
hat () Use CRS of
Directory:
Z}\ESA_ENEUM_exercise_9 Output Settings
Open in SNAP Preserve resolution Reproject tie-point grids
pen in
utput Parameters.. No-data value: NaN
[] Add delta lat/lon bands Resampling method:  Nearest
Output Information
Scene width: 655 pixel Center longitude: 7°18'10"E
Scene height: 373 pixel Center latitude: 49°40'22° N
CRS: WGS84(DD) Show WKT

Close Close

Let “s open new reprojected product

Product Explorer X . Pixel Info ' —_ ﬂ [2] nitrogendioxide _tropospheric_column X il = 30
#-& [1] SSP_NRTI_L2_ NO2 20220228T121657_20220228T122157 A g
56 [2] SSP_NRTI_L2__NO2___ 20220228T121657_20220228T 122157 g
-3 Metadata pad
=
+- (@ Index Codings o
+- (30 Flag Codings =
+#- (@3 vector Data N
--&3 Bands =
=
B Iatitude g
B longitude 2
B qa_value §
ﬂ nitrogendioxide_tropospheric_column [

E nitrogendioxide_tropospheric_column_precision v

< >
Navigatio... | Colour M... | Uncertai... ;WOrId... X | Layer Edi... —
2000 Km
Off Globe » Downloading

lat -—Llon - Zoom - Level —- Pixel Spacing: —-m —m 3
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Raster — Geometric — Reprojection
Select Custom CRS - WGS84:

| Product Explorer X | Pixelinfo | — || [2] nitrogendioxide_tropospheric_column X ‘ Layer Manager X & ] 3
56 [2]SSPNRTI_L2_ NO2___ 20220228T121657_20220 A - Vet dats 21l 2
4 (3 Metadata ® Masks g
-3 Index Codings [ M[2] nitrogendioxide_tropospheric_column i =
o
4- [ Flag Codings s
+#- (@3 Vector Data ﬂ >
=& Bands “«
B latitude Q =
=
B longitude ﬁ 2
&
B qa_value 3 =z
' nitrogendioxide_tropospheric_column . é
B nitrogendioxide_tropospheric_column_predision ¥ =) <
< >
Navigat...| Col... X | Uncert... World ... | Layer... -— => =
| -
1 &
~ <
Editor: @ Basic () Sliders (O Table @ L]
3
Scheme Logyg 2
[
--none -- v @ :
Palette @
derived from 5_colors > ‘J "‘ Transparency: I
M-
% 50% 100%
[[] Load exact values Reverse Swipe: I
v 0% s0% 100% @’
X —-Y - lat -—-lon - Zoom - Level - Pixel Spacing: —m —m Q2

Let s open new reprojected product. View the final NO2 raster in QGIS.
Compare it with e.g. land cover mask.

B Add Layer et

Available layer sources:

ESRI Shapefile

Image from Web Map Server (WMS)
Image of Band / Tie-Point Grid
Layer Group

Mapping Tools

NASA Blue Marble Worldmap

RGB Image from File

0

0
D
5

i

Cancel Help

B

File Edit View Anslysis Layer Vector Raster Optical Radar Tools Window Help Q-

afh anEace XRroAAYNVEIORE

Product Explorer | Piel nfo - s
@ (2 5% RTL2_NO2___2022022871216! | |8 2
o G Metadota ot -

g
2 *
@,

z
T8

H
45
P |
= 8|

wteuny i) Q)
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2.4 NO2 mapping with Copernicus Sentinel-5P Mapping Portal

Let's explore NO2 concentrations over Europe using Copericus Sentinel-
5P Mapping Portal:

Try to identify cities, regions with high concentrations of NO2 and ship
routes according NO2 concentrations on the map.

Copernicus Sentinel-5P Mapping Portal

NO2 MAPS 0 MAPS CH& MAPS 502 MAPS USE CASES

Copernicus Sentinel-5P Tropospheric Nitrogen Dioxide

Maps of tropospheric NO, concentrations averaged over 14 days

+ Sentinel-5P tropospheric NO2: 5 - 18 Jun 2023

- Netherlands, Belgium
Q e .

Londonrn-b - <= Antwerp

<= Paris

T

ship route =

<= northern Italy

Madrid =P <= Rome

—_— e

Tropospheric NO: (umolim?) h . t
2 £ L i i _p ! © OpenStreetMap contributors, © CartoDB, Sentinel data, S5P-PAL

< 05-06-2023 - 18-06-2023 > u B

This online platform uses data from the Copernicus Sentinel-5P satellite and shows the averaged nitrogen dioxide concentrations across the globe — using a 14-day moving average. Concentrations of short-lived
ns and are comparable to changes in emissions. Using a 14 day average eliminates some effects which are caused by short term

onomic slowd

pomat such as nitrogen dioxide, are indicators of changes i
eather changes and cloud cover. The average gives an overview over the whole time period and therefore reflects trends better than shorter time periods. @

Let’s explore NO2 concentrations over China using Copernicus Sentinel-
5P Mapping Portal:

February 2019 February 20207 February72021

For more information, see the lecture: 9. Air quality monitoring using
Sentinel-5 data

THANK YOU FOR FOLLOWING THE EXERCISE!
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EXERCISE 10 — TUTORIAL

Land surface temperature mapping using Sentinel-3
data using SNAP software
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1 | Exercise outline

In this exercise,we will:

learn about the phenomenon Urban Heat Island

use Sentinel-3 LST product to analyse and classify surface
temperature

use land cover / land use band for extraction of land temperature

extract the mean temperature by Pin placing tool and SNAP
Statistics tool

visualize the resulting Urban Heat Island map clipped on an
interesting area
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2 | Background

Urban heat islands are regions within cdties that encounter higher
temperatures compared to their surrounding areas. The presence of
structures like buildings and roads, along with limited greenery, causes
urbanized zones to absorb and release solar heat more efficiently than
natural landscapes. This concentration of structures in urban areas leads
to the formation of "islands" with higher temperatures, where daytime
temperatures can be 1-7°F higher and nighttime temperatures

approximately 2-5°F higher than those in the adjacent areas.

Urban areas, marked by high population and construction density, face
challenges related to waste heat and Urban Heat Islands (UHIs). As cities
expand vertically with skyscrapers, trapped heat from construction
accumulates within UHIs. During nighttime, UHIs retain higher
temperatures due to obstruction of upward heat movement by buildings

and infrastructure, creating a warmer environment.

Furthermore, UHIs exhibit worse air and water quality compared to rural
areas. The dense concentration of pollutants, originating from vehicles,

industry, and human activities, results in lower air quality.

OF OC
92—

- 33

|- 32

) N -3

L ~30

85— I

LATE AFTERNOON TEMPERATURE

Rural Suburban  Commercial Downtown Urban Park Suburban Rural
Residential Residential Residential  Farmland
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2.1 Study area and data used

In this exercise, we will analyse Sentinel-3B image acquired during June
2023 and downloaded from the Dataspace Copernicus Open Access Hub
[@https://dataspace.copernicus.eu/].

Navigate to the area of Slovak republic, create an area of interest by
clicking on the icon in the upper right corner of the map and draw a
rectangle as indicated below.

In the search menu on the left specify the following parameters and
press the search button:

Data source: Sentinel-3 - SLSTR - Level-2 LST

Sensing period: From 2023/06/20 to 2023/06/20

“

9

D smoznsm X © >0 4 0

DATA SOURCES: s

SENTINEL-1 Filters > Q

SENTINEL2 Fiters > P
SENTINEL3 Filters >

SENTINEL-6

TIME RANGE:

< 030620 > mhoo C:mmoo &

< 0230620 > mh2a C:mmse ¢

Filter by months.

In our case, the search returns 16 results (day and night acquisitions).
Search for those that cover the entire area of the Slovakia and download
them (if needed).

opemicus EN v Katarina Ovatillovi ~ & Q ®
srowsen -
VISUALIZE SEARCH 1b] x © =204 e
&
Q
P
i i
[ |
| |
| |
|
3
e @ Sementis s = 57T 0m P
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Download the day product by clicking on the arrow icon. Note the
different sensing times of the images:

S3B_SL 2 LST__ 20230620T090758_20230620T091058_20230621T0
02041_0179_080_378_2160_PS2_O_NT_004.SEN3 (day acquisiton)

Once downloaded, move it to your folder for this exercise and unzip it.

2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and navigate to the folder where
you saved your downloaded products and open the day-time Sentinel-3
product from 2023-06-20:

S3B_SL_2 LST___ 20230620T090758_20230620T091058_20230621T0
02041_0179_080_378_2160_PS2_O_NT_004.SEN3

Open the folder and select the file xfdumanifest.xml. Then, click OK.

In the Product Explorer, expand the product by clicking in the left arrow.
Expand now the Bands folder and double click on the band LST to

visualize it.
E [1] LST - S3B_SL_2_LST___20230620T090758_20230620T091058_20230621T002041_0179_080_378_2160_PS2_O_NT_004.SEN3 - C:\... = O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ctri+1
(=] = ot B GCP g 200 0D GCP 2 s -2
ﬁ a2 % r‘% J@D "’5\13 @® '@ ::c %_6-(.: k @? C)\ /-{- + \+ D Df. % Q @ o A Y
Product Explorer X | Pixel Info -_ ﬂ [1JLsT X W D‘ =
=& [1] S3B_SL_2_LST, 20230620T090758_ A E
#- (1 Metadata a
- (@3 Index Codings g
+1- (@ Flag Codings §
(33 Vector Data -
+}-(C] Tie-Point Grids
=& Bands
B LsT_uncertainty_locATM
B LsT_uncertainty_locGEO
E LST_uncertainty_locSF
B LsT_uncertainty_locT
[ LST_uncertainty_random
B LsT_uncertainty_sys
B novi
B Towv
Ed biome
B fraction
B Lst v
< >
Navi... VCoIo... VUnce... X [ Laye... =
Lat 45.3944°Lon 18.0929°Elev  214... [wnloadlng
=y = Lat -—-Llon - Zoom - Level - Pixel Spacing: --m —-m 2
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2.3. Subset

The initial phase of the methodology involves reducing the original size
and number of bands in the image. To accomplish this, choose the
Sentinel-3 SLSTR product in the Product Explorer, then proceed to Raster
-> Subset. Within the Spatial Subset tab, select Geo Coordinates and
input the specified values:

North latitude bound: 51.00
West longitude bound: 12.00
South latitude bound: 42.00
East longitude bound: 26.00

In the Band Subset tab, opt for the bands NDVI, biome, fraction, LST,
X_in, y_in, latitude_in, and longitude_in. In the Tie-Point Grid Subset
tab, choose only the bands x_tx, y_tx, latitude_tx, and longitude_tx.
Then, click OK (responding with No to the pop-up flag dataset window).

B spedify Product subset % B Specify Product Subset

Spatial Subset Band Subset Tie-Pont Grid Subset Metadata Subset
Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset

rl Mnown Gridoed Nomalized Difference Vegetation Indes al |
Ore Gridded Total Column Wa:
S‘ A siom dded de
Pixel Coordinates Geo Coordinates ‘ [ #raction Gridded fractional vegetation cover
North latitude bound: 51,002 Must Gnoded Land Surface Temperature
West longitude bound: 12.00}% [ LST_uncensinty Gridded Land Surface Temperature estimated fotal uncenainty
[] exception Gridded LST pixel exception flags
South latitude bound: 42,005 e i
East longitude bound: 26,005 =
- ] bayes_i
Scene step X: 155 S
= [ clow
Scene step Y: 15 _—
[Je=
Subset scene width: 1247.0 Clee
Subset scene height: 766.0 =
O dual_in  Probability of cloud in pixel (dual view
Source scene width: 1500 =
Source scene height: 1200 () d_single_in Probability of cioud in pixel (single view
O Surface elevation of cetector FOV centre above reference ellipzo
N Pl i i i i b
[JFix full height 7 jongitude_in Longitude of defector FOV centre on the eanth's surface "
< >
v
[Jselectal []Selectnone
Estimated, raw storage size: 101.6M
Estmated, raw storage size: 69.7M
Cancel Help Mox c e
E Specify Product Subset X

Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset

x_bx Geolocated x (across track) coordinate of detector FOV cenfre ™
y_be Geolocated y (along frack) coordinate of detector FOV centre
latitude_tx Latitude of detector FOV centre on the eanh's surface

Longitude of detector FOV cenire on the earth’s surface

D sat_azimuth_tn Satellite azimuth angle W

[ ]selectall [ ]Select none

Estimated, raw storage size: 22.7M

Cancel Help
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Upon completion, the subset product will be visible in the Product
Explorer. It is essential to save it by right-clicking on it and selecting
Save Product. Confirm the saving process by clicking YES in the ensuing
pop-up window.

2.4 Reprojection

Proceed to reproject the Sentinel-3 SLSTR product using an appropriate
map projection. Navigate to Raster -> Geometric -> Reprojection.

In the I/O Parameters tab, ensure that you choose the subset product as
the input. Modify the output name to e.g.
"S3B_LST_20230620_day_reprojected" and set/confirm that the output
directory.

Within the Reprojection Parameters tab, access the Projection drop-down
menu, and opt for UTM/WGS 84 (Automatic). Subsequently, click on Run.

E Reprojection X E Reprojection X

File Help

1/O Parameters Reprojection Parameters
Source Product
Name:
[2] subset_1_of S3B_SL_2_LST.

20230620T090758_20230620T09105... ~ | ...

Target Product

Name:

S3B_LST_20230620_day_reprojected

Save as:  BEAM-DIMAP v
Directory:

Z:\ESA_ENEUM\exercise_10

Open in SNAP

File Help

1/O Parameters Reprojection Parameters
Coordinate Reference System (CRS)

Geodetic datum: | World

Geodetic System 1984

Projection: Geographic Lat/Lon (WGS 84)

() Predefined CRS select

(O Use CRS of

Output Settings

Preserve resolution

Reproject tie-point grids

No-data value: NaN
[] Add delta lat/lon bands Resampling method: Nearest v
Output Information
Scene width: 1492 pixel Center longitude: 19°36'29"E
Scene height: 732 pixel Center latitude: 46°45'06" N
CRS: WGS84(DD) Show WKT
Run Close Close
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Within the Product Explorer, expand the reprojected product by selecting
the left arrow. Expand the Bands folder, and double-click on the LST band
to view it.

Access the Colour Manipulation tab, choose Basic as the Editor, and click
on the e.g. ,derived from spectrum_large™ color ramp

Product Explorer X | Pixel Info — || [3LsT X \ =]
58 [3] S38_LST_20230620_day_reprojected A ||
[0 Metadata
(2 Index Codings
C] Flag Codings
G Vector Data
&3 Bands
B novi
R biome
B fraction

@ st v

< >

Navi... X ‘\Unce...IWOrL.. Laye...| —

Editor: (@ Basic (O Sliders (O Table

>
1abeueyy 1ake [y

T}

Scheme

Palette
derived from spectrum_large N

[[] Load exact values Reverse

Range

Min:| 252.02593 Max: 309.77937| ,

< >

-Y - Lat -—-Llon - Zoom -- Level - Pixel Spacing: --m —-m 2

2.5 Clip by mask

Now let’s focus on the smaller area of interest, e.g. territory of the
Slovak Republic. Choose the last Sentinel-3 reprojected product in the
Product Explorer, then proceed to File — Import - Vector data - ESRI
shapefile and open ,SR_boundaries.shp" file that you have in the folder
for this exercise. Once imported, this layer should appear within the
product Vector data and also on the visualized LST image.

‘ Product Explorer X l Pixel Info - ‘ B 31T x A o=
|55 [3]1538_LST_20230620_day_reprojected A
- (3] Metadata
- (33 Index Codings
- [C3 Flag Codings
- (@3 Vvector Data
&3 Bands
B novi
Ed biome
B fraction
B st v

< >

1abeuely 124e7 ([

Navi... X | Unce... Worl... | Laye... -—

Editor: (@) Basic () Sliders () Table

Scheme
Palette
derived from spectrum_large <
M1 nad exart valies Reverse 4
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Now navigate to Raster - Masks - Land/Sea Mask. In the I/O Parameters
tab you <can rename the output target product to e.q.
"S3B_LST_20230620_day_reprojected_msk" and set the output
directory. In the Processing Parameters select the option ,Use Vector as
Mask™ and ,,SR_boundaries" layer according to which the product will be

clipped.
& Land/Sea Mask x & Land/Sea Mask X
File Help File Help

1/0 Parameters  Processing Parameters IO Parameters Processing Parameters

Source Product

Source Bands: [nDVI =
source: biome
[3] S3B_LST_20230620_day_reprojected LV | fraction
LST
x_in
Target Product v in
Name: latitude_in
S3B_LST_20230620_day_reprojected_msk longitude_in v
Save as: BEAM-DIMAP v (O Mask out the Land
Directory: (C) Mask out the Sea
Z:\ESA_ENEUM\exercise_10 Use SRTM 3sec
Open in SNAP (®) Use Vector as Mask
SR, boundaries v
[] Invert Vector

Extend shoreline by [pixels]:

Close Close

The resulted clipped product of the area of the Slovak Republic can be
reprojected to lacal coordinate system using an appropriate map
projection. Navigate to Raster -> Geometric -> Reprojection.

Product Explorer X | Pixel Info — ||@ st x v O
58 [4] 538_LST_20230620_day_reprojected_r A ||
i1 (@3 Metadata
1@ Index Codings
(3 Flag Codings
@3 vector Data

+-&3 Bands
B novi
Ed biome
B fraction

[l LST v

< >

Navi... | Colo... Unce...“ X Laye...v -

1abeuey 12487 [m

T}

i)

-Y - Lat - Lon - Zoom -- Level - Pixel Spacing: --m —-m 2
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« In the I/O Parameters tab, ensure that you choose the last clipped
product as the input. Modify the output name to e.g.
"S3B_LST_20230620_day_reprojected_msk_Krovak" and set/confirm
that the output directory.

« Within the Reprojection Parameters, access the Projection drop-down
menu, and opt for Custom CRS - Krovak. Subsequently, click on Run.

« Within the Product Explorer, expand the final reprojected product by
selecting the left arrow. Expand the Bands folder, and double-click on
the LST band to view it. Access the Colour Manipulation tab, and
choose e.g. ,derived from spectrum_large" color ramp

B Reprojection X [ Reprojection X
File Help File Help
1/O Parameters  Reprojection Parameters 1/O Parameters Reprojection Parameters

Source Product Coordinate Reference System (CRS)

Name: (@) Custom CRS
[4] S3B_LST_20230620_day_reprojected_msk || vue
Geodetic datum:  World Geodetic System 1984 v
Target Product Praojection: Krovak v
Name: Projection Parameters...
S3B_LST_20230620_day_reprojected_msk_Krovak
() Predefined CRS Select
Save as: BEAM-DIMAP v
(O Use CRS of _LST_20230620_day_reprojected
Directory:
Z:\ESA_ENEUM\exercise_10 e Output Settings
Open in SNAP Preserve resolution Reproject tie-point grids
Parameters.. . No-data value: NaM
[] Add delta lat/flon bands Resampling method: | Nearest v
Output Information
Scene width: 1493 pixel Center longitude: 19°55'10E
Scene height: 1072 pixel Center latitude: 46°29'35"N
CRS: Krovak [ World Geodetic System 1984 Show WKT
E [5] LST - [S3B_LST_20230620_day_reprojected_msk_Krovak] - [C:\Users\UGE\Documents\S3B_LST_20230620_day_reprojected_msk _Kr... = O X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ctrl+

agnitigseEisoeasNvE9@eR = |
Product Explorer X | Pixel Info — || [s)LsT X G =]

--& [5] S38_LST_20230620_day_reprojected_msk_Krovak
- (I3 Metadata
3 index Codings
- (@3 Flag Codings
+-@ vector Data
--&3 Bands
B nov
ER biome
@ fraction

@ st v

Navigat...| Col... X | Uncert... | World ... | Layer ... el

1abeuey 124 L[n

+ o=

Palette

derived from spectrum_large
s

[[] Load exact values Reverse

D

Range
Min: 278.35908 Max: 307.85328

From Palette From Data b

=¥ = Lat - Lon - Zoom -- Level - Pixel Spadng: --m —-m 2
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Explore the temperatures (in Kelvins). Click on the Pixel info tab and
move the mouse over the images to analyse pixel values.

Product Explorer Pixel Info X —

—| Position ~
Image-X 1171 pixel
Image-Y ' 787 plxel
Longitude ' 21°17'54" E degree
Latitude ' 43°43'35" N'degree
Map-X [-259950.¢02...|m
Map-Y [-1235131.51. . .|m
[+ Time
—| Bands
LST 270.01401K | v

2.6 Add Land Cover Band

After comparing the temperature values (in Kelvin) during the day and
night acquisitions, proceed to close the day product. In order to better
identify the influence of urbanised areas on temperature, subtract the
average temperature of non-urban areas near Kosice.

To facilitate this, create smaller subset of day image - zoom into the
vicinity of the KoSice city, estern Slovakia - right click on the view -
Spatial Subset from View... OK.

Then, open the LST layer from Bands of newly created subset and add a
land cover band to distinguish various land cover and land use types. To
do this, right-click on the day product, choose "Add Land Cover Band,"
navigate to CCILandCover-2015 in the menu, and click OK.

Product Explorer X | — |[@@ 1T x| e g
. - 7
#-(Z3 Flag Codings A ‘ i 1 i i ' "
+#-(C3 Vector Data n ' B Tl -‘ - ' B
- ® - l =
-}-{Z Bands : . 2
B nov o ! - ‘ = ' . %
Ed biome Y .
B fraction L -:J‘ ’L » .'u ‘ .
e - Geomet from WKT
n LST v - ll. J ry
, —— - ui
X | Colou... Uncer..._ Layer... FWOrld...; -—
1
Q B Export Mask Pixels
Q g ! Export View as Google Earth KMZ
Q _ S Export View as Image
Export Colour Palette as File
% . ‘ Export Colour Legend as Image
Rﬂ Spatial Subset from View...
Copy Pixel-Info to Clipboard
1:266.36 I 0 = @ . W
Zoom — Level —- Pixel Spacing: --m --m 3
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E [6] LST - subset_1_of S3B_LST 20230620_day_reprojected_msk_reprojected - not saved - SNAP — O X

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q- Search (Ctrl+1)
[ ¥ GCP oo-a GCP N S
aG oNniEaASe XEroasaNvRYeR: \ IEHEAD
Product Explorer x| = B [e)LsT x ¥ O [ [6) land_cover_CCILandCover-2015... ¥ O =
i n longitude _in A " i g
[l x_tx %
i n y_bx §
B latitude_tx a
B longitude_tx B
Ed land_cover_CClLandCover-2015 , | |+
< >
X:Colo... Unc... :Laye... Worl...: —:
- Zoom — Level —- Pixel Spacing: —m —-m 2

2.7 Mean temperature

After adding the land cover band, the subsequent action involves
calculating the average temperature in the vicinity of KoSice city by
utilizing specific pixel values pinpointed with the Pin tool in SNAP. The
ideal quantity is around 10 control points. Using these control points, it
becomes feasible to calculate an average temperature value.

o eniEate g 0ARI Y

After creating the pins in the image, we can calculate the average value
for the pixels identified by these pins using the Statistics tool in SNAP.

Product Explorer X -_
‘ ! ﬂ Ionglmﬂe_ln ~|
: n x_bx
| I y_bx
B 1atitude_tx
B longitude_tx
Ed land_cover_CClLandCover-2015 , | |+

izbeueyy Jaie [

X | Colo... | Unc... | Laye... Worl...

[
]
s
5]

—
(=]

a0

® eErssA |

o @

Zoom - Level —- Pixel Spacing: -

3
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Close the land cover visualization and navigate to the Analysis ->
Statistics. Choose the option ,Use ROI Mask(s)" and select "pins." Lastly,
click the refresh button.

From the panel on the right side, we can obtain the mean temperature
value (304.2688) for day image by referencing the pins recently inserted
into our image.

Statistics X

LST with ROI-mask pins
#Pixels total: |10
Minimum: |297.4620 | 1.04 300 1
Maximum:  |311,5580 | 0.91
Mean: |304.2688 0.81
Sigma: [3.7730 | 0.7
Median: [304.2140 | N
Coef Variation: 0.0235
ENL: |1806.2072
P75 threshold: [306.2575 | W 0.4
P80 threshold: [306.2579 | 0.3
P85 threshold: 306.6808 0.2
P30 threshold: [306.6808 | -
Max error: [0.0141

X

Use ROI mask(s):

Filter:

B

wu

18}

[(]sR_boundaries
. 200 ¥ pins
0.61

Pixels

0.51

150 1

Value Threshold

100
Histogram accuracy
Auto accuracy

w

0.11
0.0 - - 0 . -
200 305 310 0 25 r| ) 75 100

Value Percentile (9/)

i3 (2)

We can proceed to utilize the Band Math operator to subtract this value
from the LST measurements. Right-click on the LST_20180802_night
product, choose Band Math, modify the name to UHI_night, uncheck
Virtual, and dick the Edit Expression button. Copy and paste the
provided expression, then click OK:

E Band Maths X

Target product:

[6] subset_1_of_S3B_LST_20230620_day_reprojected_msk_reprojected v

Name: UHI_day_20230620

Description:

Unit:

Spectral wavelength: 0.0

[] virtual (save expression only, don't store data)
Replace NaN and infinity results by NaN
Generate assodated uncertainty band

Band maths expression:
LST-304.3

Load... Save... Edit Expression...

OK Cancel Help
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Close all previous visualizations except for the recently generated
UHI_day_20230620band. Navigate to the Colour Manipulation tab,
choose Basic as the editor, and select the palette. Then, click on the tab
From Data to see the range of the final night UHI. Adjust the Min and
Max values to ranges from 0 to the last value of the dataset (in this case

Product Explorer X — || [8] uHI_day_20230620 X YO g
¥-& [4] $38_LST_20230620_day_reprojected_msk ~ _g
¥-& [5] 53B_LST_20230620_day_reprojected_msk_reprojected ]
- =
+-&= [6] subset_1_of S3B_LST_20230620_day_reprojected_msk Vv =
L
Navigati...  Colo... X | Uncerta... | Layer E... | World ... — 8
Editor: (@) Basic () Sliders () Table @
Scheme Logyg
- none — v

gy

Palette
derived from spectrum_large
__ '
[] Load exact values Reverse
Range
Min: -21,70997¢ Max:| 3.5120057
From Palette From Data
# More Options @
Lon - Zoom - Level - Pixel Spacing: --m --m 2
Product Explorer X — || B8 [6] UHI_day_20230620 X Yo g
+-88 [4] S3B_LST_20230620_day_reprojected_msk ~ &
N -
+-& [5] S3B_LST_20230620_day_reprojected_msk_reprojected ]
+-65 [6] subset_1_of S3B_LST_20230620_day_reprojected_msk “ §
[
Navigati... | Colo... X | Uncerta... | Layer E... | World ... — ‘8
Editor: (®) Basic () Sliders () Table @
Scheme Logyg
-- none - v @l
Palette l[i
derived from spectrum_large ir 3
| T __ 1|
[] Load exact values Reverse
Range
Min: 0.0 Max: 4.0
From Palette From Data
* More Options @
Lon - Zoom - Level —- Pixel Spacing: —m —m D
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2.8 Data export to QGIS

Once the result is ready, we will export it as GeoTIFF and open it in
QGIS. For that, data must be again reprojected to Geographic Lat/Lon.
Then, go to File -> Export -> GeoTIFF. Click on the Subset tab, and in
the Band Subset menu select only the band UHI_day_20230620. Save
the file with the name UHI_night_20230620.tif in the following path and
click Export Product:

B specify Product Subset X

Spatial Subset Band Subset Metadata Subset

] fraction Gridded fractional vegetation cover

~
[:l LST Gridded Land Surface Temperature
D x_in Geolocated x (acrose track) coordinate of detector FOV centre
|:] y_in Geolocated y (along track) coordinate of detector FOV centre
D latitude_in Latitude of detector FOV centre on the earth's surface
[:l longitude_in Longitude of detector FOV centre on the earth's surface
[Jxtx Geolocated x (across track) coordinate of detector FOV centre
D y_tx Geolocated y (along track) coordinate of detector FOV centre
D Iatitude_tx Latitude of detector FOV centre on the earth’s surface
D longitude_tx Longitude of detector FOV centre on the earth’s surface
D land_cover_CClLandCover-2015 CCiLandCover-2015
[[] 1and_cover_cCiLandCover-2015_2 CCiLandCover-2015
v

[Jselectall []Select none

Estimated, raw storage size: 0.0M

Cancel Help

Data import to QGIS
Once the images are processed in SNAP, we will visualize the results in
QGIS. Minimize SNAP and open QGIS.

Import the subset_UHI_day_ 202306 into the panel Layers

Edit image parameters of subset_UHI_night_202306 - Navigate to
Properties of this image and change the color palette. Set the Min/Max
values for the night UHI similar like in the SNAP (0-12).

¥ Vykresl'ovanie pasma -
Typ vykreslovada |Jednopdsmovy pseudofarebny ~
Kanal Kanal 1 (Gray) hd
Min 0 Max 4
» Nastavenie min. / max. hodnoty
Interpolacia Linedrne A

Farebn Skéla L - -

Pripona Stitkovej jednotky

Presnost’ oznacovania 4 b
Hodnota Farba Popis =
O .
— Y4
Syl - OK Cancel Apply Help
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Now navigate to Web - OpenlLayers plugin - Bing maps and add e.q.
Bing aerial with labels. Place the layer UHI_day_20230620 above the
layer of Bing map. Set transparency to the UHI_day_ 20230620 layer
(Properties - Transparency).

Finally, explore the Urban Heat Island in the vicinity of KoSice city and
land use/cover that affects it.

Q *pro olellS -
PEBRRE Der,RpPPRPRA . RatlOR L5, O ENIE-=-S
RV ZREA ~ 5 = QaR 2
Prehliada¢ 8% ) 3 3N\
LReY®O
Obltbené polozky 2

» (1% Priestorové zalozky
» [8] Domovsky adresér

» [J e (©os)

» (7] D:\ (A-DATA UFD) v
4 »
Vrstvy @®

“asw R (2 Vlastnosti vrstvy - UHI_day_20230620 — Priehladnost

v |V = UHI_day 20230620

" Q v Globalna nepriehl'adnost’
Kandl 1 (Gray)
. “ — 2 €S
i @ INFORMACIE soed 3] €,
‘}C“ Bt v Udaj bez hodnoty
Udaj bez hodnoty nedefinované
. 0 ¥ Symbolika

V' Bing Aerial with labels Dodato¢nd hodnota bez tidajov

¥ Ppriehladnost

Nezobrazovat’ Ziadne tidaje ako v
= Stlpcovy graf
(histogram) v Vlastné moZnosti priehl'adnosti
7 e .
4" Vykreslovanie Pdsmo transparentnosti | Ziadna N4
a Casova Zoznam transparentnych pixelov
= = 1@
& Pyramidy B|=] ]|
‘MI Vyska Od Do Percento transparentnosti
v
L W= » R
:?'* m Meta tidaje Syl v | oK || Cancel Apply Help

For more information, see the lecture: 10. Land surface temperature
m in rban h island m in ing ESA E

THANK YOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 11 — TUTORIAL

Generating high resolution binary and fractional snow
maps from Sentinel-2 data using SNAP software
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1 | Exercise outline

In this exercise,we will:

e Explore how data from Sentinel-2 multispectral data are used to
detect and measure snow extent

e Larmm how to generate and interpret high resolution binary and
fractional snow cover products

e Demonstrate real-world examples and applications of these
techniques in cryospheric research

UNIVERZITA
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2 | Background

Mapping snow and ice using Sentinel-2 data

The routine creation of hemispheric or global snow cover extent data
typically relies on medium-resolution optical satellite data, such as
Sentinel-3 SLSTR/OLCI, Terra/Aqua MODIS, or NPP VIIRS. To evaluate the
accuracy of these products, snow maps derived from high-resolution
optical satellite data, such as Sentinel-2 MSI or Landsat 8 OLI, can be

utilized.

In this task, you'll produce binary and fractional snow cover datasets

using a Sentinel-2 scene captured over the Alps on April 29, 2016. Two

approaches, both centered on the Normalized Difference Snow Index
(NDSI), will be tested.

2015/12/17
[ | No snow
1 Snow

Snow cover extent map

In this Copernicus Sentinel-2 image of 17 December 2015, we can see an example of

a snow cover extent map from Sentinel-2 tile T32TLR during the winter season.

Source: Contains modified Copernicus Sentinel data (2015)/processed by e-shape
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2.1 Study area and data used

For this exercise, we will use Senetinel-1 and Sentinel-2B images of the
Hight Tatras area in Slovakia, with its expanse of national parks with its
typical flora and rocky mountains covered, especially in winter season
with snow and ice. For the first part of the exercise, we will use the Tile
Number *34UDV* downloaded for 25 March 2022 from the Dataspace
Copernicus Open Access Hub [@https://dataspace.copernicus.eu/].

T £ [ v — G

BROWSER
e REARCH D ss00eem X € = 0 ¢

Product name

]

SEARCH CRITERIA: \ ( Tarnotrzeq L
) X

Q

&

DATA SOURCES:

SENTINEL-1 iiters £ ™\
C-SAR ; M Csrbie
Level-0 RAW i
Level-1SLC e —X
Level-1 GRD & 2
Level-1 GRD COG ) \\ P Nowy54 = =
Levet-2 OCN fia s :
ETAD
Auxiliary Data File

Immediate @ 4 1_1 Hina. i F (' ‘ ., . ;
SENTINEL-2 ) i
M s / 4 : vatla
Lic £ T
L2A :
E

Auwiliary Data File

Immsdiate O ¢ 7 ; \. £
SENTINEL3 Fiters > X _H Y
SENTINEL-5P Filters > Braiifava § an

2 ‘ SaIgOtanan

SENTINEL-6 p i3 2 :“" (“
] Nyisgyhiza ']

TIME RANGE:

From:

< 2022-02-01 > phoo C:-mmo

Until L4
< 2022-04-30 > bhz2z $:mmse

Filter by months

S2B_MSIL2A_20220325T094029_N0400_R036_T34UDV_20220325T132010.SAFE
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2.2 Part A: Generate high resolution binary and fractional snow maps
from Sentinel-2 data over the Alps

SNAP - Open and explore product

Open SNAP Desktop and import the Sentinel-2 data set Sentinel-2: File
Import Optical Sensors Sentinel-2 S2 MSI L2A. Navigate to the S2
directory in the input data directory and select the XML file. The opened
products will appear in Product Explorer window.
S2B_MSIL2A_20220325T094029_N0400_R036_T34UDV_20220325T132010.SAFE.zip

Get a first overview of the snow and cloud conditions on the 25 March

2022 over Tatra 's region using true- and false colour composite previews:

1. Select the product in the Product Explorer window.

2. Display product using e.g. True and False color composition: Right
click on the product - Open RGB Image Window.

3. In the pop-up window select ‘Sentinel 2 MSI Natural colors (Red: B4;
Green: B3; Blue: B2).

4. Then, choose another color composition, e.g. ‘Sentinel 2 MSI False-
color Infrared (Red: B8; Green: B4; Blue: B3)'

E Select RGB-Image Channels X E Select RGB-Image Channels X

Profile: Profile:
Sentinel 2 MSI Natural Colors iv & B n' Sentinel 2 MSI False-color Infrared iv & B n'
Red: B4 v | fans Red: B8 v | fans

[[] fixed range r max [[] fixed range r max
Green: B3 ~ Green: B4 ~

[] fixed range ma [[] fixed range ma
Blue: B2 v Blue: B3 v

[] fixed range ma [] fixed range ma
| | Store RGB channels as virtual bands in current product | | Store RGB channels as virtual bands in current product

Cancel Help Cancel Help

5. In the Navigation window, zoom in to the snow region

6. Tile Windows, e.g. Horizontally

7. Get an impression on the overall snow conditions on 25 March 2022
ag ntiacaxEr@geaAaNvE9eR = . MEHEHD

¥ O |@ [1] Sentinel 2M

Product Explorer X — | [ [1] Sentinel 2 MSI False-color Infrared RGB...

Colors RGB > < \ i =
+-E4 11528 MSIL2A 20220325 .. R A

<

X | Colou... | Layer...

1abeueyy 124e [m

XYy nE
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Get familiar also with the basic information associated to the Sentinel-2
data set:

Open the file structure of the Sentinel-2 scene by double left click on the
product (or click on the +). Click on the menu Metadata, double click on
Level-2A_User_Product and find the spectral information for the bands
needed for the snow mapping approaches (B3, B8, B11): band numbers,
resolution (pixel size).

Product Explorer X = I E

Bl X v O (@ ms x ~ O (@@ (ss ¥ O [ [1] Level-2A_User_Product X Yo g
=& [1] S2B_MSIL2A_20220325T094 A : R | o Value Type ... ... g 5
il 2
- % a
Q Metadata = Spectral_Information Al 2
+ 0 Level-2A_User_Product R —— g
+
1§ Level-2A_DataStrip_ID S &
- @) Granules v # Spectral_Response g
< > bandId 7 asdi
Navi... X | Colour ... | LayerE... physicalBand B8 asdi
» RESOLUTION 10 asdii

+ Spectral_Information

+ Spectral_Information

+ Spectral_Information

=l Spectral_Information
+ Wavelength

+ Spectral_Response

bandId 11 asdi
physicalBand B11 asdi
1:285.05 | | k2 RESOLUTION 20 asd v
X -y - Lat - Lon - Zoom - Level - Pixel Spacing: —-m -—-m

Resample

Resample the bands to the pixel size of the VIS bands:

In the main SNAP menu, select Raster - Geometric - Resampling

In the I/O Parameters tab, the source product is set to our only product
in the SNAP, change the name of the target resampled product if needed
Do not save the output product - disable the box “Save as:” (if selected).
In the Processing Parameters tab, use e.g. B3 with 10 m resolution to
resample all the bands to 10 m as output spatial resolution.

E Resampling X E Resampling X
File Help File Help
1/O Parameters  Resampling Parameters 1/O Parameters Resampling Parameters

Source Product Define size of resampled product

Name:

(it ‘ALE
[1] S28_MSIL2A_20220325T094023_NO400_R036_T34UDV_20220325T132010 v|[= © By reference band from source product; =
Resulting target width: 10980
Target Product Resulting target height: 10980
Name: O By target width and height:

528_MSIL2A_20220325T094029_N0400_R036_T34UDV_20220325T 132010 _resampled

[] save as: | BEAM-DIMAP Width / height ratio: 1.00000

(O By pixel resolution (in m):

Open in SNAP it

Define resampling algorithm

Upsampling method: Nearest ~
Downsampling method: First v
Flag downsampling method: First v

[[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

Close Close
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Create subset
Click on the resampled product in the Product Explorer, go to the main
SNAP menu and select Raster - Subset...:

Create a subset with the following settings:

Spatial subset:
Scene start X: O,
Scene start Y: 2000,
Scene end X: 7000,
Scene end Y: 8000

Band subset: B3, B8, B11

And click OK
E Specify Product Subset X E Specify Product Subset X
Spatial Subset  Band Subset Tie-Point Grid Subset Metadata Subset Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset
Ost Reflectance in band B1 A
| Geo Coordinates [Os2 Reflectance in band B2
Scene start X: 0 83 Reflectance in band B3
Scene start Y: 20005 [Jee Reflectance in band B4
Scene end X: 7000 -5 D B5 Reflectance in band B5
Scene end Y: 8000 -5 [Jee Reflectance in band B6
Scene step X: 12 [:I B7 Reflectance in band B7
Scene step Y: 11 B8 Reflectance in band B8
Subset scene width: 7001.0 D B8A Reflectance in band B8A
Subset scene height: 6001.0 [:‘ BS Reflectance in band B9
Source scene width: 10980 :
P e 10980 B11 Reflectance in band B11
D Fix full width D B12 Reflectance in band B12 v
Use Preview ] il L€ il >
Fix full height
v [ selectall [7]Select none
Estimated, raw storage size: 240.4M Estimated, raw storage size: 240.4M

Cancel Help Cancel Help

In the main SNAP menu, select Raster - Band Maths (unlock the box
“Virtual”)

From the created subsets, calculate the NDSI using the 1.6 ym and the
0.56 ym bands and save the output.

‘ Product Explorer X l -_
== W[3] subset_1_of S2B8_MSIL2A_20220325T094029_N0400_R036_T34UDV_20220325T132010_resampled Jia

#- (3 Metadata
#- [ Vector Data
- (20 Tie-Point Grids
{3 Bands
B B3 (560.0 nm)
B B3 (842.0nm)

B B11(1610.0 nm) v
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Normalized Difference Snow Index
Next, we will calculate Normalized Difference Snow Index (NDSI)
SNAP.

The Sentinel-2 NDSI is a ratio of two bands: one in the VIR (Band 3) and
one in the SWIR (Band 11). Values above 0.42 are usually snow. The
Sentinel-2 NSDI can be used to differentiate between cloud and snow
cover as snow absorbs in the short-wave infrared light, but reflects the
visible light, whereas cloud is generally reflective in both wavelengths.
Most potential cloudy pixels have NDSI values in a range between -0.1
and +0.2.

To calculate NDSI, select the last subset product, navigate to the main
SNAP menu and select Raster - Band Maths (deselect the box “Virtual”).
Click on Edit Expression to calculate the NDSI using the equation below
and click OK:

p(VIS) - p(SWIR) / p(VIS) + p(SWIR)
p = Top of atmosphere reflectance
VIS = Visible band (0.56 pm)
SWIR = Short-Wave Infrared Band (1.6 um)

Replace the bands in the equation with the corresponding bands for

Sentinel 2:
p(B3) - p(B11) / p(B3) + p(B11)
E Band Maths X E Band Maths Expression Editor X
Target product: Data sources: Expression:
[3] subset_1_of 52B_MSIL2A_20220325T094029_N0400_R036_T34UDV... + |B2 @+@ (B3-B11){(B3+B11)
Name: NDSI i e-@
B11
Description: e'a@
Unit: a@a'e
Spectral wavelength:|0.0 @)
[] virtual (save expression only, don't store data) Constants... v
NaN Operators... v
Functions... ~
Band maths expression:

(B3-B11)/(B3+B11) Show bands

Load... Save... Edit Expression... [[] Show tie-point grids

Cancel Help Cancel Help

Open the output product in the Product Explorer by double click on the
new raster NDSI within Bands folder.

Go to Color Manipulation tab and go to Table - set the thresholds of
slider to three values - minimum value, up to 0.42 (usually pixels with
no snow), higher than 0.42 (usually snow pixels) and maximum value.

UNIVERZITA

@esa @&, USTAV GEOGRAFIE FRUA bt Sk




Product Explorer X - ﬂ [3] NDSI X!
(=78 (3] subset_0_of_528_MSIL2A_20220325T094029_N , |
#- (2 Metadata
- (@3 Vector Data
#-[33 Tie-Point Grids
--&3 Bands
B 83 (560.0 nm)
[ 88 (842.0nm)
B B11(1610.0nm)

[ nost v
< >

Jabeuey 124e [m

REGEENREEN] Q.J

Colour Ma... X | Navigation - [... | Layer Editor —

Editor: () Basic (@ Sliders () Table 20

Name: NDSI 3
Unit:

Min: -7.323
Max: 2.258
Rough statistics!

L'0

@Pe2u

Z¥'0
£6'0

Explore the image: values above 0.42 are usually snow pixels (shades of
grey for the lowest probability of snow and shades of white for the
highest probability of snow). The Sentinel-2 NSDI can be also used to
differentiate between doud and snow cover as snow absorbs in the
short-wave infrared light, but reflects the visible light, whereas cloud is

generally reflective in both wavelengths.

Most potential doudy pixels have NDSI values in a range between -0.1
and +0.2. Add 4 new sliders and change their colour to e.g. red to
highlight these values of potentially cloudy pixels.

Product Explorer X —l B (3InDst % gl =

-2 3 subset_O_o.f_S28_MSIL2A_20220325TO§4029_N ~
- (33 Metadata
+ D Vector Data
(33 Tie-Point Grids
=& Bands
[ B3 (560.0 nm)
B B8 (842.0nm)

J1abeuep) 124e [m

)

[ 511(1610.0nm) 3
[ nost ¥ =
< > §
| ¢ g A =1
Colour Ma... X | Navigation - [... | Layer Editor - ,’?;5‘*' e
~
Editor: () Basic (@ Sliders (O) Table :‘?)
Logyg

Name: NDSI
Unit:

Min: -7.323
Max: 2.258
Rough statistics!

2 w ~
ol 9 4

TOBON R

Y - Lat -—-Llon - Zoom - Level — Pixel Spacing: —m —m
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Binary snow classification (snow / ho snow)

Applying thresholds on the NDSI and a Near Infrared band (NIR, e.g.
0.842 um) itis possible to derive binary snow classification.

The method utilized in this task has been adjusted and made simpler
based on the approach employed in the Theia Snow collection (Gascoin et
al. 2019). We apply a cautious threshold to NDSI. Certain murky waters
may exhibit comparably high NDSI values, thus, we incorporate an extra
condition concerning red reflectance to prevent erroneous snow
identification in such regions. A pixel free from clouds is dassified as
snow under these conditions:

(NDSI < nl1) AND (pred < rl)

Where nl1 and rl1 are the selected thresholds, during the first pass they
are set conservatively high to avoid false detections. If the above
expression is not fulfilled, then the pixel is marked as “no snow”

Minimum value of NDSI for the pass 1 snow test-n1 0.4
Minimum value of the red band (B8) for the pass 1 snow test-rl1 0.11
After subsititution with corresponding Sentinel-2 bands, the equation is:

Expression: if NDSI > 0.4 AND B8 > 0.11 then 1 else 0

Now, navigate to Main Menu: Raster - Band Maths

Unlock the band “Virtual”,

Define output layer name: binary_snow_classification

and Edit Expression: if NDSI > 0.4 AND B8 > 0.11 then 1 else 0

E Band Maths X E Band Maths Expression Editor X
Target product: Data sources: Expression:
[3] subset_0_of S2B_MSIL2A_20220325T094029_N0400_R036_T34UDV_20220325T132010_resampled ~  [B3 @-@ ifNDSI > 0.4 AND B8 = 0.11 then 1 else 0
Name: binary_snow_dassification B3 e-@
B11
Description: .
= NDSI e'e
Unit: e'e
Spectral wavelength: 0.0 @
[] virtual (save expression only, don't store data) Constants... v
NaN Operators... ~
ainty band Functions... ~
Band maths expression:
if NDSI > 0.4 AND B8 > 0.11 then 1else 0 Show bands
f| how ti t
Load... Save... | Edit Expression... \ L[S et : """ . E
OK Cancel Help Cancel Help

Open the output product in the Product Explorer by double click on the
new raster ,binary_snow_classification™ within Bands folder.

Go to Color Manipulation tab and go to Table - set the thresholds of
slider to three values — minimum value, up to 0.42 (usually pixels with
no snow), higher than 0.42 (usually snow pixels) and maximum value.
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We can observe that pixels have been divided into two cathegories: with
snow (white pixels) and without snow (black pixels)

|Producl Explorer X
5] & [3] subset_0_of S28_MSIL2A_20220325T094029_N A
i} (3] Metadata
+ C] Vector Data
i}- (3 Tie-Point Grids
=&y Bands
B 83 (560.0 nm)
B 88 (842.0 nm)
B 511 (1610.0 nm)
E nos1
[ binary_snow_dassification v
< >

Colour Ma... X | Navigation - [... | Layer Editor

_ . _ wyan A
Editor: () Basic (@) Sliders () Table 20
& A
Name: binary_snow_dassification 3¢
& &
Unit: 1005%
Min: 0.0
Max: 1.0

Rough statistics!

@Peeu

_| [ (3Inost x| [ [3] binary_snow_dassification X

- - - et
o o o v}
Y Lat - Lon Zoom -- Level -

Fractional snow cover

iebeueyy J2Aeq [L[]

12BEUR HSElN L._

Pixel Spacing: --m --m

In the second part of the task, we will try to detect fractional snow cover
(FSC, 0 % - 100% snow) according to the approach of Salomonson and
Appel (2004, 2006), which was originally developed for MODIS data:

FSC = (-0.01 + 1.45 * NDSI)*100+100

Now, navigate again to Main Menu: Raster - Band Maths

Unlock the band “Virtual”,

Define output layer name: fractional_snow_cover
and Edit Expression: (-0.01 + 1.45 * NDSI )*100+100

E Band Maths
Target product:
[3] subset_0_of S2B_MSIL2A_20220325T094029_N0400_R036_T34UDV_...
Name: fractional_snow_cover
Description:

Unit:

Spectral wavelength: 0.0

[ ¥irtual (save expression only, don't store data)}

Replace NaN and infinity results by NaN

Band maths expression:
(-0.01 + 1.45 *NDSI)*100+100

Load... Save... Edit Expression...

Cancel

(o]

Help

@esa @ USTAV GEOCRAFIE

E Band Maths Expression Editor

Data sources:
B3

B8

B11

NDSI

binary_snow_classification

Show bands

[] Show tie-peint grids
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Expression:
e+@ (-0.01 + 1.45 * NDSI)*100+100
e@-@
e'e
e'a
@)
Constants. W
Operators. v

Functions. o

Ok, no errors.

Help
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In forested areas, this approach aims on detecting the viewable snow,
i.e. the snow on top of the forest canopy. Let s check the results.

Open the output product in the Product Explorer by double click on the
new raster ,fractional_snow_cover"' within Bands folder.
Go to Color Manipulation tab and set value range between 100 (snow free)

and 200 (100 % snow covered):

Product Explorer X — || [ [3] fractional_snow_cover X
[ & (2 Metadata N
#-([33 Vector Data
- [C3 Tie-Point Grids
=& Bands
B 83 (560.0 nm)
[ 88 (842.0nm)
B B11(1610.0nm)
[ nos1
i[@ binary_snow_dassification
n fractional_snow_cover v
< >

Colour Ma... X l Navigation - [... | Layer Editor - I

Name: fractional_snow_cover
Unit:

Min: -962.774

Max: 426.419

Rough statistics!

w ®'n B

4 a 2

n o
>

=]
=)
R

erLeal

Y - Lat -Lon - Zoom -- Level - Pixel Spacing: --m —-m

For more information, see the lecture: 11. Snow and ice cover mapping

ing ESA ntinel-1 an ntinel-2

THANK YOU FOR FOLLOWING THE EXERCISE!
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https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applications_ESA_sensors/Lectures/Lecture_11.pdf

UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 12 — TUTORIAL

Retrieval of digital elevation model (DEM) from
Sentinel-1/DEM generation with Sentinel-1,
comparison with LIDAR outputs, using SNAP software

UNIVERZITA FUNDED BY EUROPEAN SPACE AGENCY UNDER
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1 | Exercise outline

In this exercise,we will:
e Learn how to retrieve Digital elevation model (DEM)
e Perform necessary data processing for making an interferogram
e Understand the information content in SAR interferometricimages

e Compare Sentinel-1 derived DEM with LiDAR outputs

UNIVERZITA
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2 | Background

Deformation Mapping and Change Detection using Sentinel-1 data
Satellites  constantly  monitor : '
Earth from space, providing vital
data essential for rapid land
cover change assessment and
disaster management. The radar
on board the Copernicus
Sentinel-1 mission can detect

ground conditions and penetrate

clouds, functioning day and night.

DEM generation with Sentinel-1 data offers a powerful method for deriving
accurate and detailed elevation information over large areas, especially in

regions with limited ground survey data or challenging terrain conditions.

DEM generation with Sentinel-1 data involves acquiring pairs of SAR
images, processing them into interferograms, unwrapping the
interferometric phase to obtain absolute phase values, removing the
topographic phase contribution, converting the corrected phase into
elevation values using appropriate algorithms, assessing the quality of the
generated DEM, refining it if necessary, validating the accuracy, and
utilizing the DEM for visualization and various applications such as terrain

analysis and environmental monitoring.

Sentinel-1 derived DEMs find applications in topographic mapping,
hydrological modeling for water flow and flood risk assessment,
environmental monitoring for changes like erosion and landslides, natural
resource management for agriculture and forestry, disaster management for
assessing terrain accessibility and planning evacuation routes, infrastructure
planning for designing roads and bridges, dimate change studies for
analyzing impacts on coastal erosion and glacier retreat, and remote sensing

applications including orthorectification and 3D visualization.
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2.1 Study area and data used

For this exercise, we will use two Sentinel-1 SLC images of the same area
for High Tatras, Slovakia, downloaded from the Dataspace Copernicus
Open Access Hub [@https://dataspace.copernicus.eu/].

( OPEIMICUS BN v Katarina Oraiilovi < ‘ Q tatry ¢
BROWSER
| >
( ; s1082km* XK =i ]
VISUALIZE SEARCH o g & o o 20
SEARCH CRITERIA: 7
\ °
.‘
DATA SOURCES: o 4
4 SENTINEL-1 Filters > ‘\.l @ 5
C-SAR
Level-0 RAW
Level-1SLC -
Level-1 GRD v - (\ 1 e -
Leve-1 GRD COG ot 4 o 2
Level-2 OCN ';f f {
ETAD /
Aupiliary Data File
Immediate @
SENTINEL-2 Filters >
SENTINEL-3 Filters =

SENTINEL-5P Filters >

SENTINEL-8

atiflava
TIME RANGE: X

From:

< 2023-05-01 > thoo C:mmoo ¢

Unfil
< 2023-08-30 > mh2a $:mmse ¢

Filter by months Budapest

To ensure successful DEM generation, selecting image pairs with specific
properties is crucial. These include:

e A short temporal baseline, minimizing the time between acquisitions
to reduce temporal decorrelation risks, particularly over changing
surfaces like vegetation or water areas. Sentinel-1 radar (C-band) is
susceptible to decorrelation, especially over vegetation, so image pairs
with minimal vegetation cover are preferable.

e A suitable perpendicular baseline, ideally between 150 and 300
meters, to capture topographic variations effectively through parallax-like
effects. Smaller baselines may not produce pronounced topographic
effects, while larger ones can lead to decorrelation.

e Consideration of the primary mission focus of Sentinel-1 for
deformation retrieval rather than DEM generation, resulting in
predominantly short baselines below 30 meters. Finding image pairs with
short temporal and large perpendicular baselines can be challenging.

e Ensuring suitable atmospheric conditions, avoiding images acquired
during rainy periods or with high water vapor content in the atmosphere
to minimize phase delays and maintain measurement quality.
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2.2. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open 2 downloaded products
by double click on the zipped folders. The opened products will appear in
Product Explorer window.

S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08DO0.SAFE.zip
S1A_IW_SLC__1SDV_20230802T162703_20230802T162731_049699_05F9EC_E68C.SAFE.zip

To access the information within the product, double-click on it to reveal
the directories, which include:

+ Metadata: containing parameters pertaining to orbit and data.

« Tie Point Grids: providing interpolation data for latitude/longitude,
incidence angle, etc.

* Quicklooks: presenting a visible image of the entire scene in radar
coordinates.

« Bands: consisting of complex values for each subswath "i" and "q",
along with intensity

Select intensity image for swath IW1 VV - double click on it to View it

Note: Each SAR image is flipped north—south it maintains the same

orientation as its acquisition (in this case, ascending track).

Check baseline information

As previously mentioned, the quality of DEM generation relies heavily on
the characteristics of the satellite images, particularly the spatial
arrangement of the satellites during acquisition, termed the
perpendicular baseline. A larger perpendicular baseline vyields more
detailed interferograms, enhancing the representation of elevation
changes. For instance, a perpendicular baseline of 151 meters, as
illustrated in Figure 8, produces denser fringe patterns, facilitating better
terrain change description compared to baselines of 67 meters or 27
meters.

The time interval between the first and second images, known as the
temporal baseline, also significantly impacts interferogram quality.
Shorter temporal baselines, ideally around 6 or 12 days for Sentinel-1
data, minimize phase decorrelation issues, particularly over natural
surfaces. As illustrated in Figure 9, longer temporal baselines result in
poorer interferogram quality, particularly over areas with natural
surfaces, where reliable height information cannot be extracted. If such
areas dominate the interferogram, DEM extraction becomes unfeasible.

To examine the baseline details of your image pair, navigate to Radar >
Interferometric > InSAR Stack Overview.

UNIVERZITA
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Initially, select "Add Opened" to import the two Sentinel-1 products into

the list above, where their acquisition date, track, and orbit information

should appear.

Next, click on "Overview" to access their metadata.

In the lower list, you'll find details such as:

« the perpendicular baseline (Bperp) in meters,

» the temporal baseline (Btemp) in days,

+ the modelled coherence ranging from 0 to 1,

« the height ambiguity indicating the height difference represented by
one color cycle in the interferogram,

« the mean Doppler centroid frequency difference.

Stack Overview and Optimal InSAR Reference Selection X
Input stack
File Name Type Acquisition Track Orbit Add Opened
S1A_IW_SLC__15DV_20230721T162703_20230721T162731_043... |SLC |213ul2023 |102 49524 Clear
S1A_IW_SLC__15DV_20230802T 162703_20230802T 162731_043... |SLC [02aug2023 102 4699
Overview
File Name Ref/Sec Acquisition Track Orbit Bperp [m] Btemp [days] Modeled Cohere... Height Ambg [m] Delta fDC [Hz] Open
S1A_IW_SLC__1SDV_... [Reference [n2Auganas |102 49693 |0.00 0.00 |L.oo |2 |o.00
S1A_IW_SLC__1SDV_... [Secondary |213ui2023 [102 [49524 |-106.48 [12.00 [0.50 [134.85 [-4.13

optical (S2)

%

radar (S1) 151 m (RMSE: 13.1 m) 67 m (RMSE: 25.0 m) 27 m (RMSE: 142.1 m)

Figure: Effect of the perpendicular baseline on the interferogram (Braun 2021)

UNIVERZITA

@ cSa \{{’E_‘I USTAV GEOGRAFIE \P,p::.foLé\lélo:CE:ASAFARMA




2.3 Coregistration

To utilize the phase difference between the acquisitions, it is necessary to
initially construct a stack comprising both products. Image coregistration
makes use of image statistics to align both products at sub-pixel accuracy.
While orbit state vectors alone can suffice to coregister images, for precise
offset tracking, additional data from a digital elevation model (DEM) is
necessary to enhance coregistration accuracy.

Navigate to Main Menu - Radar - Coregistration — S1 TOPS Coregistration
-S1 TOPS Coregistration

In the Read tab, select the 20230721 SLC product and in the Read(2) tab
select the 20230802 SLC product

In TOPSAR-Split and TOPSAR-Split(2) tabs select Subswath: IW1
Polarizations:VV

In the Apply Orbit File and Apply Orbit File(2) tabs select leave default
parameters and uncheck ,Do not fail if new orbit is not found" option

@& 5-1 TOPS Coregistration 3

Read Read(2) TOPSAR-Split TOPSAR-Split(Z) Apply-Orbit-File Apply-Orbit-File(2) Back-Geocoding Write

Source Product
Mame:

[1] 51A_Iw_SLC_ 1SDV_20230721T162703_20230721T162731_049524 05F481_08D0 v

Read Read(Z) ToPSAR-Split TOPSAR-Split(2) Apply-Orbit-Fie Apply-OrbitFie(2) Back-Geocoding Write

Source Product
Mame:

[2] 51A_IW_SLC_ 1SDV_20230802T162703_20230802T162731_049699_05FIEC_ESEC w

@ 5-1TOPS Coregistration X

Read Read(2) TOPSAR-Split TOPSAR-Split(2) Apply-Orbit-File Apply-Orbit-File(2) Back-Geocoding Write
[Subswath: W1

Polarisations: VH
Bursts: 1 to 9 {(max number of bursts: 3)

a Kl

o

Read Read(Z) TOPSAR-Split TOPSAR-Spit(Z) Apply-Orbit-File Apply-Orbit-Fie(2) Back-Geocoding Write

Orbit State Vectors: | Sentinel Precise (Auto Download) "

Polynomial Degree: 3

Do not fail if new orbit file is not found
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In the Back-Geocoding select SRTM 1Sec HGT (AutoDownload)
In the Write tab, select the directory to save your processing outputs

Note: SRTM data is accessible only within the latitudinal range of 60° North
to 54° South. If your area falls outside this coverage, alternative DEMs
with AutoDownload functionality can be utilized, or an external DEM stored
as a GeoTiff and projected in geographic coordinates/WGS84 can be

employed.

&

Read Read(2) TOPSAR-Split TOPSAR-Spiit(2) Apply-Orbit-File Apply-Orbit-Fie(2) Back-Geocoding  yrite

Digital Elevation Maodel: SRTM 15ec HET (Auto Download) W

DEM Resampling Method: BILINEAR _INTERPOLATION v

Resampling Type: BILINEAR. _INTERPOLATION l

Mask out areas with no elevation

[[] utput Deramp and Demod Phase

[] Disable Reramp

I%l Save @ Help [f: Run
Once coreglstrat|on is finalized, it is [ selectRGB-image Channels X
recommended to visually inspect sofi:
the stack's quality. This can be b= =N |
achieved through an RGB  red: [s3ntensity_Iw1_vw_mst_21Jui2023 v =
representation of the reference and [ fived range
secondary products, indicating if the  ceen: s3intensit_w1_w_mst 21Ju2023 v e
images are appropriately aligned: [Ifixed range
nght_cllck on the OUtpUt Blue: | §3.Intensity_IW1_VW_siv1_02Aug2023 w | [aan
[] fixed range min max

coregistrated product - Open RGB
Image Wlndow Expressions are valid
Choose the reference for red and DR demes s albmisnanetpod

green channels, and the secondary

image for the blue channel.Click OK. ons [ b
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Zoom into a region with contrasting surfaces, such as the boundary
between land and water. The RGB image should be dear and sharp,
without being overly influenced by one of the images (e.g. appearing
yellow for the reference or blue for the secondary image). The only
acceptable exceptions are changes in land cover or scattering mechanisms
which occurred in the time between the image acquisitions.

Product Explorer X | Pixel Info il
#-8 [1] S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0

+-8 [2] S1A_IW_SLC__1SDV_20230802T162703_20230802T162731_049699_05FOEC_E68C

-6 [3] S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack

Navigation - [3] RGB X | Colour Manipulation - [3] RGB World View

T LR,

1:4.25 I 0°

o

Zoom - Level —

K== Lat =

,_
1)
E]

2.4 Forming a Raw Interferogram
The next phase of interferometry involves generating an interferogram
using the coregistered SLC images. To do this, follow these steps:

From the main menu bar, go to Radar - Interferometric - Products and
finally select Interferogram Formation.

In the I/O Parameters tab, choose the "Orb_Stack" product that was
generated during the coregistration process.

By default, the output target is set to the same directory and appends "ifg"
to the filename.

For standard processing, there's no need to modify the defaults in the
Processing Parameters tab.

& Interferogram Formation ® & Interferogram Formation X

File Help File Help

Processing Parameters
1fO Parameters  Processing Parameters 1/Q Parameters 9

Source Product
Source product:

[3] S1A_IW_SLC__1SDV_20230721T162703_20230721T 162731_049524_05F481_08D0_Orb_Stack  « || ...

Number of “Flat Earth” estimation points | 551

Orbit interpolation degree 3
[Exaet Bt [ Subtract topographic phase
Mame: il .

Digital Elevation Model: SRTM 3Sec (Auto Download)
S1A_IW_SLC_ 1SDV_20230721T162703_20230721T162731_049524_05F481_0800_Orb_Stack_ifg

Tile Extension [2%] 100

Directory:

| BEAM-DIMAP

Qutput Elevation

C:\Users\Onadillova\s 1A_TW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML Output Orthorectified Lat/Lon

[] Indude: coherence estimation
Open in SNAP

Square Pixel [[] Independent Window Sizes
Coherence Range Window Size 10
Coherence Azimuth Window Size 3
Run Close Run Close
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Raw Interferogram — Phase Image should appear int he View tab.

Product Explorer X | PixelInfo | — | [ 41 Phase_ifg_tw1_vv_213u2023_028ug2023 X A=
£ [4] S1A_IW_SLC_ 1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg A
- Metadata
e E] Vector Data
-3 Tie-Point Grids
=& Bands
o iifg_IW1_W_213ul2023_02Aug2023
@ qfo_IW1_W_213ui2023_02Aug2023
w[F] Intensity_ifa_IW1_WV_213ul2023_02Aug2023
[ Phase_ifg_IW1_W_211ui2023_02Aug2023
o coh_IW1_W_213u2023_02Aug2023 v

Aleiqr pnpoid i

1abeuep ysel [y

Navigation - [4] Phase_ifg_IW1_VV_21... ‘ Colour Manipulation - [4] Phase_ifg_l... | World View X -

200 Km

Off Globe

X =Y = Lat -—-Llon - Zoom — Level - Pixel Spacing: —m —m

The interferogram is displayed in a rainbow color scale ranging from
topography, atmosphere and potential surface deformation (considered
zero). The patterns, also called fringes appear in an interferogram as
cycles of arbitrary colors, with each cycle representing half the sensor’s
wavelength.

2.5 TOPS Debursting

The next stage in interferometry using Sentinel-1 TOPS mode (IWS) data
involves "debursting" or merging the bursts to remove the seamlines, a
step not required with Sentinel-1 or other stripmap SAR data.

To perform debursting, follow these steps:

From the main menu bar, navigate to Radar, then Sentinel-1 TOPS, and
finally S-1 TOPS deburst.

In the I/O Parameters tab, choose the "Orb_Stack_ifg" product generated
during the interferogram formation process. By default, the output
appends "deb" to the filename.

There is no need to make changes in the Processing Parameters tab.

@ 5-1TOPS Deburst *
@ 5-1TOPS Deburst 4

3 File Help
File Help

1jO Parameters Processing Parameters
1/0 Parameters  Processing Parameters s}

Source Product Polarisations: v

source:
[4] S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifa  ~ || ...

Target Product
Name:
S1A_IW_SLC_ 15DV_20230721T162703_20230721T162731_043524_05F481_08D0_Orb_Stack_ifg_deb
[ Bave ast BEAM-DIMAR
Directory:
C:\Users\Onadillova\s1A_IW SLC_ 15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit ML

Open in SNAP

Close Run Close
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2.6 Goldstein Phase Filtering

There are two methods to minimize noise in the interferogram: filtering
and multi-looking. While our standard procedure involves applying filtering
initially, it's also possible to opt for multi-looking first.

To begin filtering:

Go to Radar, then Interferometric, then Filtering, and select Goldstein
Phase Filtering from the top main menu bar.

In the I/O Parameters tab, choose the "deb" product generated in the
previous step.

By default, the output name includes "flt."

There's no necessity to adjust the default settings in the Processing
Parameters tab for basic processing.

@ Goldstein Phase Filtering X & Goldstein Phase Filtering x
File Help File Help
1/O Parameters Processing Parameters /O Parameters Processing Parameters
Source Product Adaptive Filter Exponentin (0,1]: 1.0
Source product: .
FFT Size: 64 ~
[5] S1A_IW_SLC__ 15DV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg_deb ~ || ...
Window Size: 3 w
Target Product [[] use coherence mask
Mame: Coherence Threshold in [0,1]: 0.2
S1A_TW_SLC__15DV_20230721T162703_20230721T162731_043524_05F481_08D0_Orb_Stack_ifg_deb_fit
C:\Users\Onadillova\s 1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML
Open in SNAP
-.ﬂ! i. Close -m Close

[ [6] Phase_ifg_IW1_VV_211ul2023_024ug2023 X v O

Double-click on the output
raster in the Bands folder of
the new product to see the
result.

Create subset (optional)

In the earlier stages of processing, empty pixels along the interferogram's
perimeter may have been created, particularly in regions not overlapped
by both input images. To remove these sections, employ the Subset
function found under Raster. This approach will also decrease processing
time in subsequent stages, espedially when the analysis is concentrated on
a specific area rather than the entire scene.
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2.7 Phase Unwrapping

Unwrapping in SNAP follows three distinct steps:

1. Export of the wrapped phase (and definition of the parameters)
2. Unwrapping of the phase (performed outside SNAP by snaphu)
3. Import of the unwrapped phase back into SNAP

Export of the wrapped phase
Export your interferogram or your subset interferogram from Sentinel-1
Toolbox to SNAPHU:

From the top main menu bar, navigate to Radar > Interferometric >
Unwrapping > Snaphu Export:

In the Snaphu Export window:

In Read tab, select the product created in the previous step

In Snaphu Export tab, you also need to specify a target folder for exported
files. Create a new target folder for this step by entering a path and new
folder name (e.g. ,snaphu_export). If the selection of the directory does
not work, simply copy and paste the path of your working directory into
the text field.

In Snaphu Export tab, select TOPO as Statistical-cost mode and select 200
pixels for Row Overlap and Column Overlap if you want to multilook.
Depending on the number of processors of your computer, you can also
increase the Number of Processors variable.

Select MCF.

Click Run to create the SNAPHU_Export file

The folder now holds files used for phase unwrapping: the coherence
image (*.img) and metadata (*.hdr), the wrapped phase: image (*.img)
and metadata (*.hdr), the unwrapped phase: only the metadata (*.hdr),
because the image (*.img) is first to be created by snaphu in the next
step, a configuration file (snaphu.conf) containing the parameters defined
in the export operator

@& Snaphu Export X L <]

{REad] snaphuExpart Read SnaphuExport

iﬂaﬁ{? Product Target folder: C:Wsers\Onadilova\snaphu_15_02

6] S14_IVW_SLC__1SDV_20230721T162703_20230721T162731 049524 05F461_0800_Orb_stack _ifg_deb_fit v [ Statistical-cost mode- RS IR
Initial method: MCF

Data Format: Any Format ~ 0
Advanced options 10

200

200
Tile Cost Threshold: 500

Error: [Nodeld: SnaphuExport] Please add a target folder Computing raster data.

Bsave | @rep | [>rn = ]
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Unwrapping of the phase
You should see the wrapped interferogram phase "“Phase_ifg*.img”,
coherence “coh_*.img”, and a “snaphu.conf” file.

For the next step, you will need to instal SNAPHU in Windows. SNAPHU is a
tool for phase unwrapping of interferometric information. To use it as an
executable file (*.exe) in Windows it has to be compiled first so all required
drivers (*.dll) are installed correctly. Follow the steps for installation here:
file:///C:/Users/Ona%C4%8Dillov%C3%A1/Downloads/Installation_ SNAPH
U_English_ABraun.pdf

To start unwrapping, check the location of the interferogram exported from
SNAP. If snaphu.exe is not in your system’s PATH variable: Copy it in there
as well. It is recommended to store the data and snaphu on the same disk.
Open Command Window Here.

Type snaphu and hit Enter. The help menu should be displayed.

Bl Prikazovy riadok - O X

file

(default)

use M

type snaphu -h for a complete list of options

The command to start the unwrapping is shown in the file snaphu.conf.
Open it with a text editor. The beginning of the “snaphu.conf” file shows
the command to call Snaphu

Sdbor L:Iprav}r Format Zobrazit Pemocnik
!# CONFIG FOR SNAPHU

B o o o e
# Created by SNAP software on: 12:23:26 15/02/20824

#

# Command to call snaphu:

#

# snaphu -f snaphu.conf Phase_ifg IW1_VV_211ul2823 82Aug2823.snaphu.img 22957
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file:///C:/Users/OnaÄ�illovÃ¡/Downloads/Installation_SNAPHU_English_ABraun.pdf

naphu -f snmaphu.conf Phase_ifg TwWi Jul2 B2 snaphu.img

The Snaphu program can take a long time to run. At the end it writes
unwrapped phase to “"Unw_ifg*.img"” file

Import of the unwrapped phase

Now, we import the unwrapped phase. From the top main menu bar, select
Radar > Interferometric > Unwrapping, and then Snaphu Import that
converts it back into the BEAM DIMAP format and adds the required.

Read-Phase: should be set to the wrapped product that vyou
exported(before the export)

Read-Unwrapped-Phase: select the unwrapped phase product: Navigate to
folder where you exported for Snaphu. Select the
“UnwPhase_ifg*.snaphu.hdr” file. Note: The error message will then vanish
if you proceed to the next tab.

Snaphulmport: Leave the option “Do NOT save Wrapped interferogram in
the target product”

unchecked, because it is required in the later step.

Write: To store the imported unwrapped band in a separate product
(recommended), add*'_unw’ to the end of the output name and click Run.

€ Snaphu Import bd & sSnaphu Import X

2-Read-Unwrapped-Ph: t 4-Write 1-Read-Phase 2-Read-Unwrapped-Phase 3-Snaphulmport 4-Write

Source Product Target Product
Hame:

[6] S1A_IW_SLC__1SDV_20230721T 162703_20230721T162731_0149524_05F481_08D0_Orb_Stack _ifg_deb_fit MIB

Data Format: Any Format v

Advanced options

& Snaphu Import X
2-Read-Unwrapped-Ph: t 4-Write Name:
S1A_IW_SLC_ 1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg_deb_fit
Source Product
Name:
Save as: BEAM-DIMAP ~
UnwPhase_ifg_IW1_VW_211ul2023_024ug2023.snaphu [
Directory:
Data Format: Any Format v C:\Users\Onacilova\s 14_IW_SLC__1SDV_202308_09_Orb_Stack_ifg_deb_dinsar_fit_ML
Advanced options
@ Snaphu Import X
2-Read-Unnrapped-Ph t aiite

Do NOT save Wrapped interferogram in the

% save @ Help ]"_‘: Run

Finally, a new product is added to the Product Explorer which contains the
the unwrapped phase that we can display.
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Select the Unw_Phase_ifg band. Double click on this unwrapped phase to
see if the unwrapping was successful. It should be a smooth raster with
little variation except for the areas of expected deformation.

All fringe patterns are summarized to absolute changes. Go to the Colour
Manipulation tab and select "100%"” to stretch color scale to full range of
unwrapped data. Unwrapped phase is still in radians. Phase is reference
image minus coregistered image. If reference image is earlier, then
negative phase is land moving toward satellite (negative range change)

B [7] Unw_Phase_ifg_21Jul2023_02Aug2023 X v O ST
o
o
o
[ =
A
|
c
W
<
=
=
@
w
@
=
Q£
=
Y]
l=]
]
Create subset (optional) BB sy Product sbse x
In the earlier stages of processing, empty [ == mess wewmies
pixels along the interferogram's perimeter N || o e o
may have been created, particularly in | —
regions not overlapped by both input B e
images. To remove these sections, employ S i
the Subset function found under Raster. e
This approach will also decrease processing i =
time in subsequent stages, especially when — DI e
the analysis is concentrated on a specific : R,
area rather than the entire scene.
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B snae - O %

File Edit View Analysis Layer Vector Raster Optl:a\ Radar Tools Window Help
=

aFDE b PIQ UGB GBIELCTE XE OARY v

<<

uct Explorer X | Pixel Info | [ [7] Urw_Phase_ifg_211ul2023_02Aug2023 X * O
[1] S1A_IW_SLC__1SDV_20230721T162703_20230721T 162731_043524_05F481_08D0 ~

rodu
B8
Q [2] S1A_Iw_SLC__1SDV_20230802T162703_20230802T 162731_049699_05F9EC_ESBC

Q [3] S1a_Iw_SLC__1SDV_20230721T162703_20230721T162731_043524_05F451_08D0_Orb_Stack
Q [4] 51A_TW_SLC__15DV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg
-6 _

G|
=
=81

Aleigr anpold

[5] S1A_IwW_SLC_ 1SDV_20230721T162703_20230721T162731_049524 05F451_08D0_Orb_Stack_ifg_deb
[E] S1A_TW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg_deb_fit

O-5-8-E-E--8-8 | 2

[7] S1A_Iw_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_0rb_Stack_ifg_deb_fit =
[8] subset_0_of _S1A_IW_SLC_ 1SDV_20230721T162703_20230721T162731_048524_05F451_08D0_Orb_Stack_ 3
G 01 Metadats %
- @3 vector Data E
(- (31 Tie-Point Grids 2
[} E3 Bands
‘@ Unw_Phase_ifg_211ul2023_02Aug2023 v
< >
Navigation - [7] Unw_Phase_ifg_21Jul2023...| Colour i ion - [7] Unw_Phase_... X  World View | - u [8] Unw_Phase ifg_21112023_02Aug2023 _ %
i
Editor: () Basic (® Sliders () Table 27,
o}
MName: Unw_Phase_ifg_211ul2023_02Aug2023 £

= :I
=
LF e

Unit: abs_phase
Min: -28.161
Max: 270,177

| Rough statistics!

9'9
8L'ET
91'8%
P06

z6'zz1[}

| 1&
1

[ =1=h}
89'L81
LO'OZE

% _More Onfinns b

X —-Y - Lat —-lon - Zoom — Level — Pixel Spacing: --m —m

2.8 Phase to elevation

The unwrapped phase data is now a continuous raster, but it has not yet
been converted into a metric measure. To achieve this conversion from
radian units to absolute heights, the Phase to Elevation operator, found
under Radar > Interferometric > Products, is employed. This operator
translates the phase values into surface elevations along the line-of-sight
(LOS) in meters. The LOS represents the direct line between the sensor
and a spedcific pixel. To ensure accuracy, a Digital Elevation Model (DEM) is
utilized to align the elevation values correctly.

The I/O Parameters tab should be set to the last subset unwrapped
product

Default for target product name is to add *_dem” to the name

Navigate to the Processing Parameters tab and select SRTM 1Sec HGT
(AutoDownload) as the input DEM.

€ PhaseToElevation DEM Generation X @ PhaseToElevation DEM Generation X

File Help File Help

1/O Parameters  Processing Parameters 1/0 Parameters Processing Parameters

Source Product Digital Elevation Model: | S iGT (Alito Download), iv
source:

[8] subset_0_of_S1A_IW_SLC_ 15DV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg_deb... ~ | ...

DEM Resampling Method: | g1 INEAR_INTERPOLATION v

Target Product
Name:
subset_0_of_S1A_IW_SLC__1SDV_20230721T152703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg_deb_fit_dem
[ Save as: | BEAM-DIMAR
Directory:

C:\Users\Onadillova\s1A_IW_SLC__15DV_202308_09_Orb_Stack_ifg_deb_dinsar_flt_ML

Openin SNAP

Close Run Close
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Now, we can display elevation result. Again, better to stretch colors.

Displacements is now in meters.
Sign was changed so positive displacement is “up” towards satellite

B snap — o %

file Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q~ Search (Ctrl+])

SR DE S PRUARLUOPILL > LREATE XE 2 [0Q AFriviy

<«

e u

v

Product Explorer X | Pixel Info — | [ 181 Unw_Phase_ifg_213u12023_02Aug2023 X |

G@-E) [3] S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack A
#-68 [4] S1A_IW_SLC__ 1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg

@5 [5] S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack _ifg_deb

@&l [6] SIA_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifg_deb_fit

i-& [7] S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack _ifg_deb_fit

& [8] subset_0_of S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifa_deb_

Ateigr pnpoid 1

564 [9) subset_0_of S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_043524_05F481_08D0_Orb_Stack_ifg_deb_ ’f
-2 Metadata 2
2
#-(E3 Vector Data =
#+-([ Tie-Point Grids 3
&
=-&3 Bands e
E elevation v
< >
-1 ion | Colour Manipulation - [9] ion X |World View | — |[E ) clevaton x
Login
Editor: () Basic (@) Sliders () Table 2
&
Name: elevation 30

= it: meters
49.929 | 1°
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TE9LT
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g
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Profile plot
B X

Profile Plot X |
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1,500 geometry g.;
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E 1,000 Box size: E]==
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= 500 - Compute in-between points
=
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2.9 Terrain Correction

SNAP calls geocoding with topography “Terrain Correction.” From the top
main menu bar, select Radar, then Geometric, then Terrain Correction, and
then Range-DopplerTerrain Correction.

The I/O Parameters tab should be set to the last elevation product
Default for target product name is to add ™*_TC"” to the name

@& Range Doppler Terrain Correction e

File Help

10 Parameters  processing Parameters

Source Product
SOUrce:
[9] subset_0_of S1A_IW_SLC__1SDV_20230721T162703_20230721T162731_049524_05F481_08D0_Orb_Stack_ifa_deb_fit_dem -

Target Product

Mame:

subset_0_of S1A_IW _SLC_ 1SDV_20230721T162703_20230721T162731_049524_05F481_0800_Orb_Stack_ifg_deb_fit_dem_TC

Under Processing Parameters tab, select the elevation band as the input
Select SRTM 1Sec HGT (AutoDownload) as input DEM.

If you want to export the data as a KMZ file to view it in Google Earth,
W GS84 must be selected as Map Projection (latitude and longitude).

If you want to compare the quality of the InSAR DEM, you can select DEM
as a further output.

€& Range Doppler Terrain Correction X
File Help

1/0 Parameters  Processing Parameters

Source Bands: elevation

Digital Elevation Model: SRTM 1Sec HGT (Auto Download) w
DEM Resampling Method: BILINEAR _INTERPOLATION %
Image Resampling Method: BILINEAR_INTERPOLATION v
Source GR. Pixel Spacings (az x rg): 13.93339(m) x 4.190048092086498(m)

Pixel Spacing (m): 13.93339

Pixel Spacing (deg): 1.2516577196598 1E-4

Map Projection: WGES84(DD)

Mask out areas without elevation [] Output complex data
Qutput bands for:
Selected source band piERE [ Latitude & Longitude
[] inddence angle from elipsoid [ ] Local incidence angle [ Projected local incidence angle

[ Layover Shadow Mask

[ Apply radiemetric normalization
Save Sigmal band Use projected local inddence angle from DEM
Save Gammal band Use projected local inddence angle from DEM
Save Betal band

Audliary File (ASAR only): Latest Auxiiary File

Run Close
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Now, double-click on the ,elevation® raster to display the geocoded
elevation raster output. Product is now evenly spaced in latitude and
longitude and shows the elevation for the study area. You can create
profile to see the elevation diversity.

B smep - m] ®
dle Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
= = = | i N GCP L —]} GCP o v
A HDE fhdPILQTAnLUORME T EREACREXE v AN ERY@ R
B > || [10] dlevation x v Oey
Profile Plot X ‘ Ev
2
e Profile Plot for elevation 0 © z
I} ]
g 2,000 [ Use ROI mask: <
< 1500 geometry gﬂ.
g 1,000 Box size: 3= =
£ so0 ’ = i
% Compute in-between points e
£
T 0 1000 2,000 3000 4,000 5000 6000 7,000 8,000 9,000 H
Path in pixels [ use correlative data S
OFes @
Mavigation - [10] elevation |Colm|r Manipulation - [10] elevation X ‘World View -
o
Editor: () Basic @) Sliders () Table o
far
Name: elevation %
Unit: meters m
Min: 257.871 e
Max: 2615.711 o
Rough statistics! | i%&
&
&
H ., OS5
: ; ; 2 H 4
: : : : : iw
&
« More Opti
X -y — lat —Llon — Zoom — Level — Pixel Spacing: —m —m

2.10 Export .kmz to Google Earth
Geocoded products (projected to WGS84) can be exported as a KMZ file to

view in Google Earth (Pro):

Select an appropriate B [10] cevaton %
color scale and color
ramp from the Color
Manipulation tab.

Right dick on the
elevation raster in the
View tab (or navigate
to File > Export >
Other > View As
Google Earth KM2)

Choose a directory to Geometry from WKT

WKT from Geometry
save the OUtlet 'kmz Export Transect Pixels
and provide a fitting _ Export Mask Pixels
. Export View as Google Earth KMZ
filename, then confirm - Erre

W| t h Sa ve. Export Colour Palette as File

Export Colour Legend as Image
Spatial Subset from View...
Copy Pixel-Info to Clipboard

Zoom -- Level — Pixel Spacing: --m --m
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Open the resulting KMZ file in Google Earth to observe the elevation
patterns overlaid on the satellite image base map.

& Google Earth Pro — O X

Sibor Upravit' Zobrazit' Néstroje Pridat’ Pomocnik

(meters)

1261.86

1518.6 Polbrle) Hefpa

o a < /falkovn

1663.23 Hornailehota ia Bt Vit Valkovna

- prezova 5 Bicznon —
JHfonec -

QOsrblie’ PohronskaiPolhora

CletnyBalog

Reyuca

LominadiRimayvicou

Hipovar

Compare with LiDAR-derived DEM

Compare your Sentinel-1 derived DEM with Digital Elevation Model (DEM
5.0) with a resolution of 1 meter per pixel created from airborne laser
scanning data by UGKK SR. ,Source of ALS data: UGKK SR".

Open QGIS and comapre small LiDAR-derived DEM sample with our
resulted DEM derived using Sentinel-1 data. We can observe that there are
small differences in the elevation.

Layers @60 I - - - - ""\
cRAmY L -BAD \ L § “ '\ { S
~ v/ i Sentinel-1 DEM & \ \

W 767367 - ] . d

123230525
1697.2435
216218175

262712
~ ¥V ¥ LIDAR DEM
W 7251

1220515
1698.52
2176525
W 265453
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Comparing Sentinel-1 derived DEMs and LiDAR derived DEMs, LiDAR
typically offers higher precision. This is because LiDAR directly measures
the distance between the sensor and the Earth's surface using laser pulses,
resulting in highly accurate elevation data. On the other hand, Sentinel-1
derived DEMs are generated using synthetic aperture radar (SAR) data,
which can be affected by factors such as vegetation cover and terrain
roughness, potentially leading to less precise elevation measurements
compared to LiDAR. Therefore, in terms of precision, LiDAR derived DEMs
are generally considered more accurate and reliable.

However, Sentinel-1 derived DEMs may be more cost-effective compared to
LiDAR due to the lower cost associated with satellite data acquisition and
processing. In this case, Sentinel-1 data are free of charge, available for
everyone after the registration. Also, for large-scale mapping, monitoring,
or areas with limited budget or accessibility, Sentinel-1 derived DEMs may
be preferable.

For more information, see the lecture: 12. Retrieval of digital elevation
model (DEM) from ESA EO data and comparison with LiDAR outputs

THANKYOU FOR FOLLOWING THE EXERCISE!
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UNIVERSITY COURSE EARTH OBSERVATION APPLICATIONS

EXERCISE 13 - TUTORIAL

Marine applications: deriving nearshore bathymetric
model with Sentinel 2 data using SNAP software
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1 | Exercise outline

In this exercise,we will:

Learn the basic steps to derive near-shore bathymetry based on S2
images

Preprocess the image to correct for atmospheric effects

Identify and select appropriate bands for bathymetric analysis,
particularly focusing on near-infrared (NIR) and shortwave infrared
(SWIR) bands which penetrate water more effectively.

Utilize empirical relationships to estimate water depth based on
reflectance values in selected bands.

Visualize the derived bathymetry map to interpret and analyze
water depth variations across the coastal area.

UNIVERZITA
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2 | Background

Deriving bathymetry using Sentinel-2 data

Deriving bathymetry, or the measurement of water depth, using Sentinel-
2 data involves leveraging the satellite's multispectral capabilities,
particularly in the near-infrared (NIR) and shortwave infrared (SWIR)
bands, to penetrate water and assess bottom reflectance. While Sentinel-2
imagery is primarily designed for land observation, it can still provide

valuable information for coastal and shallow water applications.

Our approach to derive bathymetry from Sentinel-2 data involves
exploiting the attenuation of light with depth in water. Water absorbs and
scatters light as it penetrates deeper, with longer wavelengths like NIR
and SWIR being less affected. By analyzing the reflectance values of these
bands in shallow coastal areas, researchers can estimate water depth

based on the relationship between reflectance and depth.

For bathymetric estimation in this exercise we use satellite imagery and
empirical models that establish relationships between satellite-derived
refleccance values and measured water depths from field surveys. By
calibrating the model with ground truth data, researchers can predict

water depth from reflectance values in Sentinel-2 bands.

Challenges in deriving bathymetry from Sentinel-2 data include
atmospheric effects, water surface roughness, and bottom substrate
variability. Additionally, accurate ground truth data for calibration and
validation are essential for ensuring the reliability of bathymetric

estimates.

Despite these challenges, Sentinel-2's frequent revisits and high spatial
resolution make it a valuable tool for coastal and shallow water
bathymetry mapping, aiding in coastal zone management, environmental
monitoring, and habitat mapping. Ongoing research continues to refine

and improve bathymetric estimation techniques using Sentinel-2 data.

UNIVERZITA
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2.1 Study area and data used

For this exercise, we will use Sentinel-2B image of the area Is Arenas
Biancas, south of Cagliari, with its expanse of white sand, a vivid blue
seabed and dunes covered in greenery behind it, using the Tile Number
*32SMJ* downloaded for 26 August 2023 from the Dataspace Copernicus
Open Access Hub [@https://dataspace.copernicus.eu/].

2.2. SNAP - Sen2Coral
Open SNAP Desktop and check if the Sen2Coral Toolbox that we will need
for this exercise is installed. The Sen2Coral Toolbox is a SNAP extension
dedicated to the mapping (habitat, bathymetry, and water quality) and
detection change for coral reef health assessment and monitoring.
Navigate to Tools - Plugins and check whether the Sen2Coral Toolbox is
Installed in the Installed tab. If it doesn’t appear there, go to Available
plugins and install it. To complete the installation process, restart of the
application is needed. After that, you can check if it was installed
succesfully - Navigate to Optical - Thematic Water Processing -
Sen2Coral plugin should be there.

B Piugins X

Updates Available Plugins (32) Downloaded Installed (8) Settings

Check for Newest Search:
B 1 i B T«
Install Name Category Source !
'| Sen2Coral Toolbox Kit Module
[[] NovaSAR Product Reader SNAP Commu... i A
¥  Sen2Coral Toolbox Kit Module ~ SNAP Support... i) m Community Contributed Plugin
[] Ssentinel-2 Toolbox OTB Adapt... SNAP Support... gy
[J 1dePix ProbaV SNAP Support... i Version: 1.0.0
[ Sentinel-2 SEN2COR 2.11.0P... SNAP Support... (i Date: 7/6/22
[[] Sentinel-2 SEN2COR Processor SNAP Support... (i Source: SNAP Supported Plugins
[ 1dePix MODIS SNAP Support... iy https: //qithub.com/senbox-ora/sen2coral /sen2coral-kit
[] Sentinel-2 SENZTHREE Proces... SNAP Support... (i
[J IdePix Spot VGT SNAP Support...  {f Plugin Description
[] IdePixLandsat8 SNAP Support...  {f
[ IdePix virs SNAP Support... (i The Sen2Coral Toolbox is a SNAP extension dedicated to the
a mapping (habitat, bathymetry, and water quality) and detection
[ 1depix OLCI SNAP Support...
~ change for coral reef health assessment and monitoring.
[] Ssentinel-2 SEN2COR280 Proc... SNAP Support... g v

1 plugin selected, 1IMB
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2.3. SNAP - Open and explore product

Open SNAP Desktop, click Open Product and open downloaded Sentinel-2
product (unzipped) by double click on the metadata ,MTD_MSIL2A.xml|"
inside the folder. The opened products will appear in Product Explorer

window.
S2B_MSIL2A_20230826T100559 _NO509_R022_T32SM] 20230826T134424.SAFE

Display the product using e.g. True color composition:
Right click on the product - Open RGB Image Window - select Sentinel 2

MSI Natural Colors.

¥ select RGB-Image Channels % B 111 84 - [S2B_MSIL2A 20230826T100559_N0509_R022 T32SMJ_20230826T134424] .. — m] X
File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help |Q~ Search (Ctrl+1
Profile: ~ N - ~op [ A ae
. e T S e L - @ GCP g ="=< o< D GCP N\ vy
Sentinel 2 MSI Natural Colors M| El ﬂ = %> ﬁ % ‘® ® '® x" oax k| & (D‘ }+ W AR D D'- ¥
Red: B4 o Pro«fuct Explorer X - IH [1] Sentinel 2 MSI Natural ColorsRGB X} v O =
+-& [1] S2B_MSIL2A_20230826T 100559 % ¢ |~
o <
[] fixed range { &
g
Green: B3 v %
[[] fixed range g - 2
X =
Blue: B2 v Q
[[] fixed range Q
[[] Store RGB channels as virtual bands in current product ®"
1:294.21 I 00 = @
= S Zoom - Level - Pixel Spacing: —m —m @

For this exercise, only bands with a spatial resolution of 10 meters will be
employed: the Visible Blue (B2), Green (B3), Red (B4), and Near Infrared
band (B8) due to their strong linear correlation with water depth. The
NIR band is utilized for land masking.

To view these four bands in the View Window, navigate to the Bands
folder of the image and double-click on them (B2, B3, B4, B8). Ensure
synchronization of views by going to the Navigation tab in the lower left
(red arrow) and confirming that the cursor and views are linked.

@ (183

o

Product Explorer X — || (182
@ 81 (443.0nm) ~ : TN
[ 52 (4%0.0nm)
B 83(560.0 nm)
[ B84 (665.0nm)
[ 85 (705.0 nm)
[ 86 (740.0 nm)
B 87 (783.0nm)
B 88 (842.0 nm)
B ssA (865.0 nm)

1abeueyy 124e [m

BR_on inac A v
X =
&
e
|
@ |
S
By
1:355.34 | | o H@
Zoom - Level — P;el Spacing: --m --m 2
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2.4 Resample

The Sentinel-2 products consist of 13 bands with varying resolutions,
impacting their sizes. Since several operators in the SNAP toolbox cannot
handle products with bands of different sizes, it is necessary to initially
resample the bands to ensure uniform resolution.

Navigate to Raster - Geometric - Resampling.

In the I/O Parameters tab, set the name for the "Target Product," as
S2B_20230826_resampled and set the Directory where the resampled
product will be saved.

In the Resampling Parameters tab, under "Define size of resampled
product,"” select: By reference band from source product: B2.

Click Run. After the process is completed, if a window appears, dick OK.
Close the Resampling Window.

A new product [2], named S2B_20230826_resampled appeared in
the Product Explorer Window.

B Resampling X EResampling X
File Help File Help
1/O Parameters Resampling Parameters 1/O Parameters Resampling Parameters

Source Product Define size of resampled product

Name:

® < B2
[1] S28_MSIL2A_20230826T100559_N0509_R022_T325M]_20230826T 134424 = [ M T R = AR e
Resulting target width: 10980
Ot Orachict Resulting target height: 10980
Name: (O By target width and height: T

IR

$2B_20230826_resampled Target

Save as: BEAM-DIMAP v

Directory: (O By pixel resolution (in m):
2Z:\ESA_ENEUM\exerdise_13

Open in SNAP

Define resampling algorithm

Upsampling method: Nearest v

Downsampling method: First v

Flag downsampling method: First ~
[[] Advanced Method Definition by Band

Resample on pyramid levels (for faster imaging)

Run Close Close

2.5 Subset

The initial phase of the methodology involves reducing the original size
and number of bands in the image. To accomplish this, choose the
Sentinel-2 resampled product in the Product Explorer, then proceed to
Raster -> Subset.
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In the Spatial Subset tab select the Pixel Coordinates tab, set the
following parameters:

Scene start X: 4000

Scene start Y: 6000

Scene end X: 8000

Scene end Y: 10000

In the Band Subset tab, choose only the bands that we will need: B2, B3,
B4, B5, B8 and click OK:

E Specify Product Subset X E Specify Product Subset X
Spatial Subset  Band Subset Tie-Point Grid Subset Metadata Subset Spatial Subset Band Subset Tie-Point Grid Subset Metadata Subset
Oe1 Reflectance in band 81 A
i£5]] Gen Coordnates B2 Reflectance in band B2
i
""""""" — B3 Reflectance in band B3
Scene start X: 4000 (5
E 000 = B4 Reflectance in band B4
5 4% 20002 BS Reflectance in band BS
cene end X: -
Scene end Y: 10000 & [Jes Reflectance in band 86
[Jer Reflectance in band B7
Scene step X: 1%
5 tep Y b B8 Reflectance in band B8
cene step Y: =
BSA Reflect band B8A
Subset scene width: 4001.0 O sfiectancs inban
Subset scene height: 4001.0 [Jee Reflectance in band B9
Source scene width: 10980 D B11 Reflectance in band B11
Source scene height: 10980
ey H 2
[ Fix full wicth [Je12 Reflectance in band B12 v
Use Preview < >
] Fix full height
[]selectal [ ]Select none
v
Estimated, raw storage size: 3999.8M Estimated, raw storage size: 977.3M

Cancel Help Cancel Help

Right-click on the subset product that will appear at the Product Explorer
and click Open RGB image window and from the dropdown menu select
Profile: Sentinel 2 MSI Natural Colors (B4, B3, B2) and click OK. Now
we can see it contains only the area we selected to create subset.

Product Explorer X — | |[# [3] Sentinel 2MSI Natural ColorsRGB X A=
'@ [1] S2B_MSIL2A_20230826T 100559_N0509_R02
¥ [2] S2B_20230826_resampled

+-& [3] subset_0_of S2B_20230826_resampled

12beueyy 124e LL[]

< >

Navig... | Colo... | Unce... | Laye...
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2.6 Sun Glint Correction

Sun glint is a common phenomenon in satellite images and it essentially
refers to the specular reflection of the sun on water surfaces. The water-
leaving reflectance can be difficult to observe due to the reflection of
direct sunlight on the air-water interface (sunglint) in the direction of the
satellite. The viewing geometry of Sentinel-2 satellite makes it vulnerable
to sunglint contamination. Sun glint removal is a pre-processing step of
multispectral images which is necessary when the amount of sun glint
prevents the visibility of the sea bottom, usually in cases of marine habitat
mapping.

There are several available sun glint removal methods for high resolution

images and coastal applications. In this exercise we will apply the deglint
methodology using SNAP plugin Sen2Coral.

To apply the correction we have to use one or more image samples of sun
glinted regions to scale the relationship between the NIR signal and sun
glint.

Right-click on the last subset product and click Open RGB image window
and from the dropdown menu select Profile: Sentinel 2 MSI Natural Colors
(B4, B3, B2) and click OK.

As you can see in the image, there are bright areas on the deep water -
sunglint

Product Explorer X — || [ [3] Sentinel 2 MSI Natural Colors RGB X
78 [1] S2B_MSIL2A_20230826T100559_N0509_R022_T325M]_202308 ‘
-8 [2] 528_20230826_resampled

+-&4 [3] subset_0_of S2B_20230826_resampled

1abeueyy ade ([f)

< >
Navig... X }Colour «. | Uncertai Layer Ed... | World Map - ‘

@

®

@,

>

1:47.32 I 0o |2 @

Lat -Lon - Zoom -- Level - Pixel Spacing: --m —-m

Now, we will create samples from those pixels as well as glint-free pixels.
Go to Vector - New Vector Data Container

B snap

File Edit View Analysis Layer Vector Raster Optical Radar Tools

T =4

“ N
o E{é} r‘l} ::g} E‘% New Vector Data Container
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Set the parameters for new vector layer:
Name: Glint samples
And click OK.

B New Vector Data Container X |"'“?"_’"“>t Explorer X | B
78 [1] S2B_MSIL2A_20230826T100559_N0509_R022_T325MJ_202 A

. +-& [2] 528_20230826_resampled
Name: Glint_samples ie IS5 S
== W3] subset_0_of S2B_20230826_resampled
Description: 1 (@ Metadata
-1-&3 Vector Data

ﬂi pins

o ground_control_points

o Glint_samples

(32 Tie-Point Grids v
oK Cancel Help < >

The new vector data container layer ,,Glint_samples™ has been added in the
Vectors folder of our subset product in the Product Explorer Window.

Let "s create some glint samples. For that, you can use RGB composition as
well as one of the bands, e.g. band 8 (try to play with histogram to better
see the sunglint ares)aClick on the Rectangle drawing tool icon int he Menu
bar and draw the samples (at least 4) that includes sunglint and also glint-
free pixels.

SH IWEATS N R 0QAAINTR:

’ Product Explorer X — \m [3] Sentinel 2 MSI Natural Colors RGB X} =

75 [1] S2B_MSIL2A_20230826T100559_1 A | |l &
-8 [2] S2B_20230826_resampled 3
- [3] subset_0_of _S2B_20230826_resz
- [0 Metadata
=23 Vector Data
@ pins
th ground_control_points
Glint_samples <

< >

1abeuepy .IOAE'|. Lm

Navi...| Col... | Unc... | Lay... X =

Zoom - Level - Pixel Spacing: —-=m —m

After that, we will use Deglint processor tool. (Note: if the product involves
Tie-pont grids folder with some data, delete it first)
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Navigate to Optical - Thematic Water Processing — Sen2Coral - Processing
modules - Deglint processor

Optical Radar Tools Window Help
ke Spectrum View

Spectral Unmixing

Geometric >
Preprocessing >
Thematic Land Processing >
Thematic Water Processing > | Sen2Coral > Processing modules > Deglint Processor

In the I/O Parameters tab, select the last subset product. In the Processing
Parameters set the following parameters:

Sun Glint Areas: Glint_samples
Source Bands: select B2, B3, B4, B5
Reference Bands: select B8

After that, new product with ,deglint" at the end is created in which land
areas are also masked automatically. You can open an RGB image if you
want before and afterapplying the sunglint correction and compare them.

Product Explorer X - ﬂ [3] Sentinel 2 MSI Natural Colors R v o E [4] Sentinel 2 MSI Natural Colors R Al =]
78 [1] S2B_MSIL2A_20230826T 100559_N0509_R022_T325MJ_20230826T1344] E
-8 [2] S2B_20230826_resampled 1
+-& [3] subset_0_of S2B_20230826_resampled

+-& [4] subset_0_of S2B_20230826_resampled_deglint

1abeueyy 1aie L[\n

< >

Navigation... | Colour... X | Uncertaint... | Layer Editor | World Map =

(ORed () Green (@ Blue

Name: B2

Unit: dl

Min: 0.0

Max: 0.202
Rough statistics!

HMEDER 3

15 Al

+)

CY:

2.7 Dark-Object Atmospheric Correction

Dark Object Subtraction (DOS) is a practical method for atmospheric
correction, assuming that dark objects reflect atmospheric scattering. By
subtracting the atmospheric offset, calculated as the histogram's cut-off
point at the lower end, from each pixel in a band, this method effectively
corrects for atmospheric interference. Optically-deep water, with an
anticipated zero reflectance, is considered the most suitable dark target for
this purpose (Chavez, 1998).

@esa @&, USTAV GEOGRAFIE FRUA bt Sk




Now, let "s mask the clouds.

Navigate to Optical — Thematic Water Processing — Sen2Coral - Processing
modules — LandCloudW hiteCapMaskOpt

E LandCloudWhiteCapMaskOp X E LandCloudWhiteCapMaskOp X
File Help File Help
1/O Parameters Pprocessing Parameters 1/O Parameters Processing Parameters

Source Product
Source product:
[4] subset_0_of _S2B_20230826_resampled_d... ~ ...

Source Bands:

Target Product
Name:
subset_0_of_S2B_20230826_resampled_deglint_mask
Save as: BEAM-DIMAP v :;
Directory: B4
C:\Users\UGE\Documents O B5

Open in SNAP

Maximum valid value: |0.05]
Mask all negative reflectance values
Indude reference bands

[[] inverse mask (by default water=1 Land/Cloud...=0)

Close Close

Now, we have create the new product. If we open the folder Bands for this
new product in the Product Explorer, we will see that new layer was
created. Double click to see it.

Product Explorer X — || [5] LandCloudwhiteCapMask_B8 x vOo g
- [5] subset_0_of S28_20230826_resampled_deglint_r A ; > W=
+ G Metadata : E

+ G Vector Data . §
-3 Bands 4 é
B B3 (842.0 nm) t e

ﬁ LandCloudWhiteCapMask_B8
B B2 (4%0.0nm)
B B3 (560.0 nm)
B B4 (665.0 nm)

B 85 (705.0 nm) v
< >

Naviga...  Colour... | Uncert...
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Now, open the RGB composition for the last product and RGB composition
of the original resmapled product without any correction. Tile Windows
Horizontally and set the histogram for RGB of the last product similar to
the histogram of the original resampled product without any correction.

We can see that residuals (clouds, sunglint) have been corrected correctly.

O | @ (5] Sentinel 2 MSI Natural ColorsRGB X v o

Product Explorer X - l [ (3] Sentinel 2 MSI Natural Colors RGH

&8 [3] subset_0_of_S2B_20230826_resampled A

48 [4] subset_0_of_S2B_20230826_resampled_deglint
=& [5] subset_0_of_S2B_20230826_resampled_deglint_mask
- (@ Metadata
+ (:] Vector Data
--&3 Bands
B 88 (842.0nm)
B LandCloudwhiteCapMask_B8
B2 (450.0 nm) v

Navigati... | Colo... X | Uncerta... LayerE... |World ... -

1abeueyy sa4e ()

(ORed ()Green (@) Blue

Name: B2
Unit: dl
Min: 0.01
Max: 0.631

NENERS)

:]6
S
X

Rough statistics!

=
o

‘
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However, if we visualise e.g. B2, we can see that there are still some couds
that need to be removed. We will create the final mask which will contain
all the invalid features.

Right click on the product — Band Maths:
Name: mask_all
Deselect Virtual and click on Edit Expression

E Band Maths X E Band Maths Expression Editor X
Target product: Product: [5] subset_0_of S2B_20230826_resampled_deglint_mask v
[5] subset_0_of S2B_20230826_resampled_deglint_mask v
Data sources: Expression:
Name: mask_all $5.88 e+@ if$5.82 > 0.01 &&
Description: $5.LandCloudWhiteCapMask_B8 @-@ $5.LandCloudWhiteCapMask_B8 == 1
= - then 1 else 0|

Unit: $5.82

’ e'e
Spectral length:|0.0 B8
pectral wavelength: 0.

¢ ss.84 ee

[ ¥irtual (save expression only, don't store data) $5.85 @

Replace NaN and infinity results by NaN $5.Glint_samples e —

Generate assocdiated uncertainty band Operators...
Band maths expression: Functions...

if §5.82 > 0.01 && $5.LandCloudWhiteCapMask_B8 == 1 then 1else 0 Show bands
Show masks

Load... Save... Edit Expression...

Cancel Help Cancel Help
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The final mask will appearin the new Window.

| Product Explorer X = | B (5] mask_all X 5
--& [5] subset_0_of_S2B_20230826_resampled_deglint_mask . - =
i3 Metadata 3
- [ vector Data %3,
--&3 Bands §

B 88 (842.0nm)

[ LandcloudwhiteCapMask_B3

B 82 (4%0.0 nm)

B 83 (560.0nm)

B 54 (s65.0 nm)

B 85 (705.0 nm)

B mask_al ]

Navigati... | Colo... X | Uncerta... | Layer E... | World ... -—

Editor: (O)Basic (@) Sliders (O) Table

MName: mask_all

T I

Unit:
Min: 0.0
Max: 1.0

=
S
R

|

-
o

@rLeu]

—- -
o o

2.8 Empirical Bathymetry

Navigate to Optical — Thematic Water Processing — Sen2Coral - Processing
modules — EmpiricalBathymetry processor

In the I/O Parameters tab select the resampled and sun-glinted mask

In the Processing Parameters choose bands B2 and B3 to estimate the
bathymetry that give us the best trade-off between the water penetration
depth and the spatial resolution

Then, choose the .csv file containing the set of bathymetry point data
(latitude, logitude, depth) - these data have been derived using Coastal
Relief Model Mosaic from https://www.ncei.n .gov/m rid-extract

N value: 10000.0 (default)

B ermpiricalBathymetryOp X [ EmpiricalBathymetryOp X
File Help File Help
1/0 Parameters Processing Parameters /O Parameters Processing Parameters
Source Product Ba
Source product: lLandCloudWhiteCapMask_B8
[5] subset_0_of_S2B_20230826_resampled_deglint_mask L 1 B2
B3
|B4
Target Product Bands to use: IB5
MName: imask_all

subset_0_of_S28_20230826_resampled_deglint_mask_empBathymetry

Save as: BEAM-DIMAP ~

Directory:

Bathymetr int data: Z:\ESA_ENEUM\exercise_13\bathymetry_point_data.csv || ...
Z:\ESA_ENEUM \exercise_13] et S

N value: 10000.0
Open in SNAP

Close Close
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https://www.ncei.noaa.gov/maps/grid-extract/

Product Explorer X - ‘ B (7] EmpiricalBathymetry_B2 B3 X v O

+ [3] subset_0_of _S2B_20230826_resampled ~
[4] subset_0_of_S28_20230826_resampled_deglint
[5] subset_0_of S28_20230826_resampled_deglint_mask
[6] subset_0_of_S2B8_20230826_resampled_deglint_mask_
[7] subset_0_of_S2B_20230826_resampled_deglint_mask_
+- (3 Metadata
+ D Vector Data
-3 Bands

ﬂ EmpiricalBathymetry_B2_B3
i1-(C2 Masks

D o

& - &

D 0

1abeueyy ke ({f)

<

Navi... X | Colour ... | Uncerta... | Layer E... | World ...

T XY YNe

1:89.31

®

Now, we will mask the bathymetric product with the final mask

Right click on the bathymetric product — go to Band Math

Unselect virtual raster

Go to Edit Expression and type in the following expression like in the image

E Band Maths X E Band Maths Expression Editor X
JE0et procuct Product: |{7] subset. 0 of $35 20230826 resampled degint mask_empBaty iv
[7] subset_0_of_S2B_20230826_resampled_deglint_mask_empBathymetry v DR — Expression:
Name: empirical_bathymetry_masked $7.EmpiricalBathymetry_B2_B3 e+e if $5.mask_all == 1 then
Description: $7.Glint_samples a-@ $7 EmpiricalBathymetry_B2_B3 else NaN
Unit: $7 deep ec
$7.same_type

Spectral wavelength: 0.0 @'e
E] Virtual (save expression only, don't store data) @)

Replace NaN and infinity results by NaN Constants... v

Gene sted uncertainty band Operators... v
Band maths expression: Show bands Functions. ~
if $5.mask_all == 1 then $7.EmpiricalBathymetry_B2_B3 else NaN Show masks

Load... Save... | Edit Expression... i Show tie

é) :@ Ok, no errors.
OK Cancel Help Cancel Help
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In the Product Explorer Window, the new product is created. Double dick
on its band to visualize it.

Go to the Colour Manipulation tab and select the colour palette. Set the
range according the data. Explore the values of the final output on
bathymetry in this area

Product Explorer X —_— Iﬂ [7] empirical_bathymetry_masked X} =
|5 & [7] subset_0_of 52B_20230826_resampled_deglint_mask_ A 2 B
+- (3] Metadata E;
+1-[E3 Vector Data §
-3 Bands §

B EmpiicalBathymetry_B2_B3
B empirical_bathymetry_masked
<

Navi... X | Colour... | Uncerta... LayerE... World

: =
&,

A @,

. ¥

by

] 2)

1:116.91 I 0° = 2
Product Explorer X — | | [7] empirical_bathymetry_masked X v a =
T = TRTENMNESTY 1T AY SR AT7AIR A FEEamnES ST masey )i 1
< > c
' Navigati... | Colo Uncerta ' Layer E _ World _ §
o
Editor: (O) Basic (@) Sliders (O Table @ s
Name: empirical_bathymetry_masked Logyq
Unit: | )
Min: 5.029 2e
Max: 13.032 LI
3o,
& a
10096

P22

Z6'9
L9'8
vE'6

KP\
vos»gl

A More Options

For more information, see the lecture: 13. Marine applications: nearshore

THANK YOU FOR FOLLOWING THE EXERCISE!
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https://uge-share.science.upjs.sk/webshared/ESA_ENEUM/Applications_ESA_sensors/Lectures/Lecture_13.pdf
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