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Homework and Certificate

A Homework Assignment:

I Answers must be submitted via Google Form
I Due Date: April 25, 2023

A A certificate of completion will be awarded to those who:
I Attend all live webinars
I Complete the homework assignment by the deadline (access from website)

I You will receive a certificate approximately two months after the completion
of the course from: marines.martins@ssaihg.com

NASAG6s Applied Remote Sensing Training Program
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Training Objectives

After participating in this 3 -part training, attendees will be able to:

A
A

Explain how polarimetric parameters are used for crop condition assessment

Demonstrate how to perform Sentinel -1 SAR preprocessing to derive quasi polarimetric
parameters

Perform a calibration of a SAR -based vegetation index to NDVI
Monitor crop growth with multitemporal polarimetric SAR ( PolSAR) data from Sentinel -1

Examine crop growth using a canopy structure dynamic model and time series of Sentinel -
1 imagery

Classify crop type using a time series of radar and optical imagery (Sentinel -1 & Sentinel -2)

NASAGds Applied Remote Sensing Training Program 4.
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Satellite Image Time Series
Copernicus and the Sentinels
Time series generation
Analysis ready data

Time series analysis

Sentinel Hub

Statistical API

Machine learning

eo -learn

eo -workflow

NASAG6s Applied Remote Sensing Training Program
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https://www.unoosa.org/oosa/en/ourwork/space4sdgs/index.html

Major Milestones

@ Google Earth @ Sentinel Hub
® Amazon Web Services
@ Landsat archive qpening
@® Google Earth Engine
@ Sputnik 1 @ Copsrnicus design ® Planet
@ vanguard 2 ® Landsat 8
TIROS-1 Landsat 1 Landsat 5 ® Aqua Copernic@8 data access service
SPOT 1 Terrg
Ikonas frOSOf Planetary Computing
1950 1960 1970 1980 199 2000 2010 2020 2030
ERS-1 ERS-2 ©® ENVISAT
RADARSAT TerraSAR-X

@® CosmoBkyMeq
© Sentjnel-1
© RapidEye @ [Sentinel-2
© [Sentinel-3
© Sentinel-5P

® Data processing ®Radar ®Optical @ Historical
NASAGds Applied Remote Sensing Training Program 8




Long and dense time series



Satellite Image Time Series 0 SITS

Medium and high -resolution data is freely available
Landsat archive 6 2008
Copernicus & complete, free and open

To Io o

A Long SITS
I 19720

A Dense SITS
I weekly, daily
A Harmonized SITS
I Landsat 0 Sentinel-2
i Optical oradar
I Sentinel-2 o Planet

NASAG6s Applied Remote Sensing Training Program



Landsat SITS

A Landsat, 1972 &

A Thematic Mapper (TM), 1982 &

A Operational Land Imager (OLI), 2013 8
A Every 16 day

A Optical B clouds

NASAGs Applied Remote Sensi hapndshtrlmageiGalieryP r-amkimgnsense of Amazon Deforestation Patterns (nasa.gov) 11 .



https://landsat.visibleearth.nasa.gov/view.php?id=145888
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Sentinel Satellites

- _ _ 2014
@ S1A/B: Radar observations 201632021

S2A/B: High-resolution optical observation

‘ S3A/B: resolution imaging and  altimetry ggig

=

2022
» S4A/B: Observation of the atmosphere from the geostationary orbit

S5P: Observation of the atmosphere from low orbit - predecessor

S5A/B/C: Observation of the atmosphere from low orbit

NASAG6s Applied Remote Sensing Training Program



Sentinel -1

To

Sentinel-1A 6 2014
Sentinel-1B 6 2016 6 not working since 23.12.2021

Observation of land, forests, water, soil and agriculture
I Rapid mapping in case of natural disasters

I Shipping traffic

I Observing ice at sea

C-SAR (C-band Synthetic Aperture Radar)

Resolution: 250 km d5x 20 m

INSAR

To I

To I

A

NASAG6s Applied Remote Sensing Training Program
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Sentinel -2

To

Sentinel-2A 0 2015
Sentinel-2B 0 2017

Observation of land, vegetation, soil, water surfaces, coastal bands
I Land cover detection and changes

I Rapid mapping in case of natural disasters

I Climate change observation

To I

A Orbit repeatability 10 days, 5 days with two satellites
A MSI (Multispectral Imager)
A Resolution: 290 km &8 10 m, 20 m, and 60 m

NASAG6s Applied Remote Sensing Training Program



Sentinel -2

S2A S2B
Band Number Central wavelength Bandwidth (nm) Central wavelength Bandwidth (nm) Spatial resolution

(nm) (nm) (m)

1 442.7 20 442.3 20 60
2 492.7 65 492.3 65 10
3 559.8 35 558.9 35 10
4 664.6 30 664.9 31 10
5 704.1 14 703.8 15 20
6 740.5 14 739.1 13 20
7 782.8 19 779.7 19 20
8 832.8 105 832.9 104 10
8a 864.7 21 864.0 21 20
9 945.1 19 943.2 20 60
10 1373.5 29 1376.9 29 60
11 1613.7 90 1610.4 94 20
12 2202.4 174 2185.7 184 20

NASAG6s Applied Remote Sensing Training Program




SentinelTl?2
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NASAGSs 19




Sentinel -2

@8} SENTINEL Hub
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Sentinel -2 Archive

2015 218 2017
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https://www.geodetski-vestnik.com/en/clanek/10.15292/geodetski-vestnik.2022.02.220-257

Time Series Generation



Time Series

A Set of satellite images taken over the
same area of interest at different times

A Same or multiple sensors

A Time Series:
I understanding how Earth is
changing
I determining the causes of these
changes
I predicting future changes
I discriminating features

Land Cover Classification with eo  -learn: Part 2 | by Matic Lubej | Sentinel Hub Blog | Medium

NASAG6s Applied Remote Sensing Training Program


https://medium.com/sentinel-hub/land-cover-classification-with-eo-learn-part-2-bd9aa86f8500

Time Series - Sentinel -2
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Time Series 0 Sentinel -1
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Analysis Ready Data (ARD)

A CEOS 3 Committee on Earth
Observation Satellites:

I Analysis Ready Data (ARD) are
satellite data that have been
processed to a minimum set of
requirements and organized into a
form that allows immediate
analysis with a minimum of
additional user effort and
Interoperabllity both through time
and with other datasets.

A Data which is ready to use.

CEOS Analysis Ready Data
Analysis Ready Data Defined. Cloud Native Geoprocessing Part 2 | by Chris Holmes | Planet Stories | Medium
Harness the power of Sentinel Hub, xcube, EOxHub, GeoDB and more in Euro Data Cube | by Dorothy Rono | Euro Data Cube | Mediu m

NASAGds Applied Remote Sensing Training Program 26.



https://ceos.org/ard/
https://medium.com/planet-stories/analysis-ready-data-defined-5694f6f48815#:~:text=What%20is%20Analysis%20Ready%20Data%3F%20Analysis%20Ready%20Data,of%20labor%20involved%20in%20preparing%20imagery%20for%20analysis.
https://medium.com/euro-data-cube/harness-the-power-of-sentinel-hub-xcube-eoxhub-geodb-and-more-in-euro-data-cube-31c827a3083b

Analysis Ready Data (ARD)

To

ARD processing may differ
between applications.

Image clipping

Masking o Usable/Unusable
Data Masks

Atmospheric Correction
Pixel Alignment

A
A
A
A
A

Sensor Alignment

PlanetScope

Harmonized
Time Series Time Series

Analysis Ready Data Defined. Cloud Native Geoprocessing Part 2 | by Chris Holmes | Planet Stories | Medium
NASAG6s Applied Remote Sensing Training Program



https://medium.com/planet-stories/analysis-ready-data-defined-5694f6f48815#:~:text=What%20is%20Analysis%20Ready%20Data%3F%20Analysis%20Ready%20Data,of%20labor%20involved%20in%20preparing%20imagery%20for%20analysis.

Harmonization of the Time Series

HLS P’°°essln9 u“‘? f

Landsat 8 Processmg

Data Inputs .‘ Sentinel-2 MSI data | Landsat80!.| d_ata- ;

Atmospheric Correction and Cloud Masking
Geometric Resampling and Geographic Registration

Processing g , |
~ Steps ; e e _ &
' | BRDF Normalization

Band Pass Adjustment

Outputs S30 Product

NASAS8s Applied Remote Sensi ng AfgoaithmisgHarmomizednandsat Sentinel -2 (nasa.gov)



https://hls.gsfc.nasa.gov/algorithms/

Sentinel -2 d Landsat 7,8 o harmonization
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Monitoring in Drought Prone Areas: Case Studies of Ninh Thuan (Vietham) and
NASAG6s Applied Remote Sen Bél{h%. ([éti‘dth)”(ﬁwd&chﬁﬁ am

Remote Sensing | Free Full -Text | Harmonization of Landsat and Sentinel 2 for Crop
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Vegetation on optical and radar images



Vegetation Spectra 9 optical

Spectral signatures A

Certain wavelengths are sensitive to
certain chemicals and compounds.

Bl G | B BRE NIR

A They result in absorption
characteristics.

A Make measurements in relation to
these compounds.

40-

Reflectance (%)

20~

A Indices make use of these wavelength
features.

' ' ' '
05 1.0 20 25

15
Wavelength (nm)

Soil === \egetation === Water
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Radar backscattering

Wavelength/frequency Radar

P PY Y Ry

X-BAND 3 (m C-BAND 6 cm L-BAND 24 cm P-BAND 65 (m

Polarization (horizontal, vertical)
Incidence angle

o To Do I

Resolution

Surface

To

Structure of the observed
phenomenon

Roughness (roughness) of the terrain

The conductivity and  dielectricity of
the surface

Orientation T T

> > I

Winter barley Sugar beets Winter wheat

What is Synthetic Aperture Radar? | Earthdata (nasa.qov)
NASAS6s Applied Remote Sensing Trai3ARSat@litesfoa Agriculture - Groundstation 32



https://www.earthdata.nasa.gov/learn/backgrounders/what-is-sar
https://www.groundstation.space/sar-satellites-for-agriculture/

Radar Interferometry

A Two images from slightly displaced
~— orbits

i
97
second pass: L pagy,

measures phase ( ¢, ) for >

each pixel for time ( t; ) #%5

, A Phase differences due to
displacement: .
[‘.IX(‘?| A moves about 1.5 measures reference I Paral I aX

wavelengths (~4.2 cm) e
toward the satellite, with phase ( 0, ) for each

respect o psel 5 I Elevation differences

Phase (0):

bl 00 I Surface movements
| i Atmospheric phenomena

displacement toward satellite —3=

To

Elevations in m

INSAR image:
phasedifference ( ¢, - ;) for each
pixel during time interval ( 7, - 7, )
.""sl"‘& lvl l;';l >
% a A4
i ,I&'.\ : . 4

To

Displacements in mm

A Coherence

Elastic Earth science for global monitoring | Elastic Blog
NASAGds Applied Remote Sensing Training Program 33



https://www.elastic.co/blog/elastic-earth-science-for-global-monitoring

Coherence for Vegetation Mapping

A The coherence of an INSAR data pair
represents the magnitude of the
complex correlation between two
SAR images on a pixel -by -pixel basis.

A s a quantitative measure of the
amount of noise in the interferogram.

NASAG6s Applied Remote Sensing Training Program




Is NDVI enough?



Vegetation Indices

VI - Vegetation Index

NDVI - Normalized Difference
Vegetation Index

EVI- Enhanced Vegetation Index
SAVI - Soil Adjusted NDVI
AVI - Advanced Vegetation Index

o Io Do o I» Do

NDMI - Normalized Difference
Moisture Index ...

IDB - Index DataBase

NASAG6s Applied Remote Sensing Training Program


https://www.indexdatabase.de/

IDB - Agriculture

Nr. Name Formula Variables Comment
1 |At herically Resistant Vegetation Ind . NIR = [781:1399
mospherically Resistant Vegetation Index NIRRED_y(RED_BLUE) = [781: ]
i . i NIR—RED
2 |Atmospherically Resistant Vegetation Index 2 —4118-+3L17'(3ﬁ§;3553)
NIR —rededge
NIR +rededge
3 |Canopy Chlorophyll Content Index —
NIR+Red
([770:780]+[784:790]) — ([655:665]+[676:685])
4 |CASINDVI ([770:780]+[784:790])+([655:665] 4 [676:685])
[770:780]+ [784:790
9 [T [655:665]+[676:685]
Cellulose Absorption Index 100 (0.5 (2030nm + 2210nm) — 2100nm)
Cellulose absorption index 2 0,5 (2020nm + 2220nm) — 2100nm
00 (a-670+670nm-+b)> b=(550nm-((700nm-
8 |Chlorophyll Absorption Ratio Index (GTJHH) — 550nm)/150%*550)), a=(700nm-
- (a*+1)™ 550nm)/150
. . |(a-[670]+[670]+b)| ([700]) a=([700]-[550])/150, b=[550]-(a*
9 |Chlorophyll Absorption Ratio Index 2 — — !
" ’ ( (a2+1)%3 ) 670] [550])
: (-1)
10 |Chlorophyll Green ([ﬂmﬁom)
[540:560]
750
11 |Chlorophyll Index RedEdge 710 710% —
: (-1)
12 |Chlorophyll Red-Edge ( Wﬁ&soo])
[690:720]
ion i _RED _
13 |Chlorophyll vegetation index GREEN?
14 |Crop water stress index %
. 2GREEN—RED—BLUE
15 [Green leaf index 2GREENTREDBLUE
16 |Leaf Chlorophyll Ind |
ea orophyll Index 8501 (680

NASAGds Applied Remote Sensing Training Program 37




Sentinel -2 d Bands and indices
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