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1 Introduction

The Research and User Support for Sentinel core products (RUS) peovides a free and open
scalable platform in a powerful computing environment, hosting a suite of open source toolboxes
pre-installed on virtual machines, teandle and process data derived from the Copernicus Sentinel
satellites congllation.

The health of the forests around the world is
declining dueto climate change, air pollution
and increase in human activities. Remote
sensing has been considered an orant
tool for wide coverage monitoring of forested
areas.

Some of the most commonly used techniques
include calculation of variousvVegetation
Indices (V) from optical data (such as
Sentinel2 or -3). The VIs are generally
calculated as a combinam of surface
reflectanceat two or morewavelengthsthey
are designed to highlight certain property of
the vegetation(Tuominen et al. 2009)

In many areas of the world, the use of the optical data is limited due to persistent cloud cover and
SAR sensors are employed to monitor the changesegetation or increase the frequency of the
observations. The characteristics of optical and SAR sensors are very different and détprieat
processing stepdn this exercisewe will look at both and see how they can help us assess the
damage causedyba bark beetle infestation in Jeseniky foothillshia northeast ofCzechHRepubilic.

2 Training
Approximate duratiorof this training session is twwours

2.1 Data used

A ThreeSentinel1lA IW GRDH products acquired May 2016,2017 and 2018[downloadable @
https://scihub.copernicus.ey/

S1A_IW_GRDH_1SDV_20180514T050109_20180514T050134_021896_025D35_E395
S1A_IW_GRDH_1SDV_20170519T050103_20170519T050128_016646_01BA02_07F0
S1A_IW_GRDH_1SDV_20160524T050046_2016052410801396_01152F FED2

A One cloudiree SentineRA LevellC product acquired on 24 May 20f6ownloadable @
https://scihub.copernicus.ed/

S2A_OPER_PRD_MSIL1C_PDMC_20T8eE#816 R0O79_V20160523T095404 201603235404

A One cloudfree Sentinel2A Level2A tile (Tile ID: B3UXR acquired on 13 May 2018
[downloadable @https://scihub.copernicus.ey/

S2A_MSIL2A_20180513T095031_N0207_R079_T33UXR_20180513T115612


https://scihub.copernicus.eu/
https://scihub.copernicus.eu/
https://scihub.copernicus.eu/

A Two partly doud-free Sentine3A OLClproducts (Levell EFR and Lev2lLFRpcquired on 13
May 2018 downloadable @https://scihub.copernicus.ews3d

S3A_OL_2_LFR___ 20160523T093911_20160523T094211_20180213T01170640239 2160 LR2_R_NT_002
S3A OL_1_EFR___ 20160523T093911_20160523T094211 20180213T012820_0179 004 250 2160 LR2_R_NT_002

2.2 Software in RUS environment

Internet browser, SNAP Sentinetl and-2 Toolbox QGISEXxtra steps: Sen2Cor, Google Earth)

2.3 Contents of the Exercise folder
VY /shared/Training/TAT0618 Forestry _S1S2S3_Tutorial

_V/ Auxdata—— [8s AOI_Sentinel3_WGS84.shp

——— [@= AOI_UTM33.shp

—— [8® clc12_cz_forest_subset UTM33_dis.shp
——— [@® Moravskoslezky kraj CZE_UTM33.shp
— Expressions.txt

— S2_diff_colour_palette.cpd

— S3_veg_index.cpd

‘:;,‘_il: Sentine‘il — Origina| — @ S1A_IW_GRDH_1SDV_20180514T050109_20180514T050134_021896_025D35_E395.zip
@ S1A_IW_GRDH_1SDV_20170519T050103_20170519T0806886_01BA02_07FO0.zip
_ @ S1A_IW_GRDH_1SDV_20160524T050046_20160524T050111_011396_01152F_FED2.zip
—— Processing
o . — 1ai — " 2A_OPER_PRD_MSIL1C_PDMC_20160523T143616_R079_V201 23T095404_201 237095404
" Sentinel2 Original s S2A_OPER_PRD_MSILIC_PDMC_20160523T143616_R079_V20160523T095404_20160523T09540
L @ S2A_MSIL2A_20180513T095031_N0207_R079_T33UXR_2DIBDEA12.zip

- Processing —— </> Subset_S2A_MSIL2A_20180513T095031_N0207_R079_T33UXR_20180513T115612_resampled.dim
}‘q> Subset_S2A_SAFL2A_20160523T143616_R079_T33UXR_V20160523T095404_disampled

<f» Graph_VIs_Calculatiomml

- Tall —_— | S3A_ OL 2 LFR 20160523T093911 20160523T094211 20180213T011706_0179 004 250 2160 LR2 R
Sentinel3 Original e SSAOL2IFR__ _ _ _0179_004_250_2160_LR2_R_

(‘_'. S3A_OL_1_EFR 20160523T093911_20160528M0P0180213T012820_0179_004_250_2160_LR2_R_NT_00
Processing <f> Subset_projected_S3A_OL_1_EFR 20160523T04i8911.

<f> Subset_projected_S3@L 2 LFR 20160523T093911.dim

Sentinel_Preprocessing_sim.ipynb

-\ Code


https://scihub.copernicus.eu/s3

3 Step by step
3.1 SAR dataz Sentinel-1

3.1.1 SNAR; open and explore data

Launch SNAP (icon on deska). When the SNAP window opens click Open prc&ichavigate
to /shared/TrainingMAT0618Forestry S1S2S3_TutokialSentinell/Originaland openthe three S1
products. Rightclick the productfrom 2018and expand the Bands folder. Theadouble click the
Intensity_V\band(for data download, see sectighl Data download.

—
] [2] Intensity VV - S1A IW_GRDH_1SDV_20180514T050109_20180514T050134_021896_025D35_E395 - /shared/Training/TATO618_Forestry_S$15253 TutorialKit_F/Sentinel-1/Original/S1A_IW_GRDH_1SDV_20180514T050109_20% & o (sl i

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help Q-
ay Fdd P=R Aer A®® Il T @ % XB®lroaQa AN R 9D

& | @ (2] Intensity W x CIE2I=TRES
03_2017051
09_2018051

Suucwuon 1ov | | |296euen ysom by

w0 @

3.1.2 Build stepby step processing chain

We will now need to prggrocess althree images but doing this onkby-one would be quite time
consuming Luckily, we caruse the Batch Processingool available in SNAP to proceslithree
imagesat the same time.

W
Ple Edt View Analysis Layer Vector Raster Optical Radar Tools Window Help 5 Q-
{F Graph Builder FHNE | = =
a% S hd PR 2 Frie craphs QAAGNYR 9

2 | @ 2 ntensity W x

Right click here to add an operator

[2) S1A_IW_GRDH_1SDV_20180514T050109_20180514T050134_021896_025D35_E395 -




To use the toglwe first need to define the process we want to apply and all its steps. We can do this
using theGraphBuildertool. The advantage ahe GraphBuilderis that no intermediate product will
be physically saved, only thend product whichsaves valuable disk space.

Go toTools-> GraphBuilderAt the moment, the graph only has two operatoRead(to read the
input) andWrite (to write the output).

Since our Area of Interest (AOI) is quite small and there is no neesbtegs the whole image, we
start by adding a&Subsetoperator. To add the operator righdlick the white space in the graph
builder and go tAAdd -> Rater -> Geometric-> Subset.

A new operator rectangle appears in our graph and a new tab appears belowchlionect the new
Subsetoperator to theReadoperator by clicking to the right side of tliReadoperator and dragging
the red arrow towards th&ubset.

Read P— Subset Write
N
W

In the next stepwe will update the orbit metadat4See” | NOTEL). To add the operator, rightlick
the white space between existing operators and gé\td -> Ralar -> Apply-Orbit-Fle. Connect the
new Apply-Orbit-Fileoperator with theSubsetoperator.

»

NOTE 1The orbit state vectors provided in the metadata of a SAR product are generally not ace
and can be refined with the precise orbit files, which are available-ttaygeeks after the generation
of the product. The orbit file provides accurate satelpigsition and velocity information. Based on th
information, the orbit state vectors in the abstract metadata of fireduct are updated. NAP Help

Read Subset = Apply- Orbit-File Write

The nextstepwill remove the thermal noise (S€ | NOTE2). We do this by righiclicking the wite
space somewhere left of the resample operator and goingAtd -> Ralar -> Radbmetric ->
ThermalNoiseRemovalConnect the ThermalNoiseRemovabperator with the Apply-Orbit-File
operator.

»

NOTRE2: Thermal noise in SAR imagery is the background energy that is generated by the receive
(SNAP He)dt skews the radar reflectivity to towards higher values and hampers the precision of |
reflectivity estimatesLevell products provide a noise LWdr each measurement dataset, provided i
linear power, which can be used to remove tih@se from the product.

Now, we can add th€alibrationoperator. The objective of $Acalibration is to provide imagery in
which the pixel values can be directly related to the radar backscatter. Though uncalibrated SAR
imagery is sufficient for qualitative use, calibrated SAR images are essential to quantitative use of
SAR data (Se' | NOTE3). To add the operator go tédd -> Ralar -> Radiometric-> Calibration.
Connect theThermalNoiseRemovalperator to theCalibrationoperator.



NOTE3: Typical SAR data processing, which produces-lewelages, does not include radiometr
corrections and significant radiometric bias remains. The radiometric correidioecessaryor the
pixel values to truly representhe radar backscatter of the reflecting surface and therefore |
comparison of SAR images acquired with different sensors, or acquired from the same sensor
different times, in different modes, or processed by different process@&NAP He)p

[ Read }_..| Subset |v-—’.|Apply-0rllIt-Flle Hmermlnoiseumlec.lihmian| \El

SAR images have inherent salt and pepper like texturing cspleckle whichdegrade the quality of
the image and make interpretation of features more diffic(ﬁlee"J NOTH). To reduce the speckle
effect and smooth the image we apply speckle filter. To addadperator, goto Radar-> Speckle
Filtering-> SpeckleFilter then connect theCalibrationoperator to it.

»

NOTE4: Speckle isaused by random constructive and destructive interference of theltesed but
coherent return waves scattered by the elementary scatters within each resolution cell. Speckle
reduction can be applied by either spatial filtering or tilabk processing(SNAP He)p

Our data are still in radar geometry, moreoveredto topographical variations of a scene and the tilt
of the satellite sensqrthe distances can be distorted in the SAR imagéerefore as the last step of
our pre-processingwe will apply terain correction to compensate for the distortions and reproject
the scene to geographic projection (S° :NOTE5). To add theperator, goto Radar-> Geometric-

> Terrain Correction> TerrairCorrection then connect theCalibration operator to it. At last,
connect theTerrainCorrectionto Write operator.

»

NOTE 5The geometry of topographical distortions in S/
imagery is showmn the right Here we can see that poin
B with elevationh above the ellipsoid is imaged at positio
. & SAR image, though its real positioBfs The offsefn N
between B' and B"exhibits the effect of topographic
distortions.(SNAP Help)

| Read H Subset anply-urbit-File HThevmalMoisel!emuvalHCalibratiun HEpecHe-Filter HTerrain-Correction H Write ‘

At the moment, do not change anything in the parameter tabs and save the graph as
Graph_preprocessmlto:

/shared/TrainingMTAT0618Forestry S1S2S3 TutoKalSentinell/Processindpy clickingSawe at the
bottom of the window.

3.1.3 OPTION iBatch processing GUI
In the Product Explorer, we select (highlight) the prodwh index [1] Now, we can close the
GraphBuildewindow and open the Batch Processing tdadls-> Batch Processing

We willadd the opened products by clickidgld Openedon the upper right (second icon from the
top) and click refresh. Thewe clickLoad Graplat the bottom of thewindow, navigate to our saved



graph,and open it. We see that new tabs have appeared at the fopindow corresponding to our
operators with the exception ofVrite; this iscorrect, as these parameters will be set in th®©

Parametergab.

In thel/O Parametergab set directory to
/shared/TrainingTATO0618Forestry S1S2S3_ TutoK#@lSentinell/ Processing

E Batch Processing : Graph_preprocess.xml
File Graphs
ThermalNoiseRemoval | Calibration | Speckle-Filter | Terrain-Correction
[ IfO Parameters I Subset i Apply-Orbit-File |
File Marne Type Acguisition Track Orbit -:I‘}-
S14 IW_GRDH_15DW_20... |GRD 14May2018 124 21896 — _
£
S1A W GRDH_1sDV_20... |GRD 19May2017 124 la64i é'-'.l: N
S14 W _GRDH_15DV_20... |GRD 24May2 016 124 11396 —
| A
== Refresh
®
3 Products
Target Folder
Sawve as:
1 ]
Directory:
..fshared,'"l'ralning,'TATDGlS_Forestry_SlS253_Tuta|'iaIKit-'SentlneI—l,‘Processing] | J
[[] Skip existing target files [v] Keep source product name

@| Load Graph Run Close | Help

Now,f SGQa &aSid (KS Sudsettb, Yress Shistand selegf baiidé@plitude_VVand
Intensity_VMhen click to select th&eographic Coordinatesption and paste the area of interest
definition in WKT (well know text) formo the text window below the map.

POLYGON ((17.27494 50.27427, 17.529 66 50.26901, 17.5213 4 50.11134,
17.26746 50.1165 8, 17.27494 50.27427))

|
\\@: TIP: All expressions you will hesing during this tutorial are available to copsgste from the
f"  Expressionsxt file in/shared/Training/TAT0618 Forestry S1S2S3_ TutorfAlikitata

v

ClickUpdateand then click th&Zoontin icon" " to see your subset on the map.



m Batch Processing : Graph_preprocess.xml | A B 25
File Graphs
ThermalNoiseRemaoval | Calibration | Speckle-Filter | Terrain-Correction
/O Parameters r Subset |“ Apply-Orbit-File
Source Bands: Amplitude VH
Intensity VH
IAmplitude_W
lintensity W

v] Copy Metadata

|
I
[ O Pixel Coordlnates@Geographlc Coordinates

[174940490722656 50.274269104003906, 17.274940490722656 50.274269104003906))

Update

4 I

’ Load Graph Run

.
Close '
|

[1»]

Help

—= Zoom-in

In Apply-Orbit-File tab, we can accept the default settings. In tii@ermalNoiseRemovahb select

WHpolarizationand make NS G KIF i awSY2@S ¢KSNXIf b2AasSe
m Batch Processing : Graph_preprocess.xml e B S
File Graphs
[ ThermalNoiseRemoval | Calibration Speckle-Filter :' Terrain-Correction |
[ IfO Parameters ” Subset |“ Apply-0rbit-File |
Polarisations: WH

v |
| Remove Thermal Noise
|| Re-Introduce Thermal Noise

In the Calibrationtab we will also accept all default settings.

m Batch Processing : Graph_preprocess.xml (e X

File Graphs

Calibration I Speckle-Filter | Terrain-Correction
¢ Subset |’ Apply-Orbit-File

ThermalNoiseRemoval |
IfO Parameters

Polarisations WV
|

\v] Output sigma0 band

|| output gamma0 band

[ ] output beta0d band

In the Speckle Filtetab, set:

Filter: Gamma Map
Filter size X5
Filter Size Y5

2 LJG0 A 2



File

Batch Processing : Graph_preprocess.xml %

Graphs

ThermalNoiseRemoval | Calibration I Speckle-Filter |Terrain-Correction |
‘ /O Parameters I Subset I Apply-Orbit-File
Sigma0_WVH
Sigma0_W

Source Bands:

Filter: Gamma Map |v|
Filter Size X (odd number): g |
Filter Size ¥ (odd number): 5 |

Estimate Equivalent Number of Looks [v]

Number of Looks:

In the TerrainCorrectiontab set:

Image Rsampling Method-> Nearest Neighbour

Map Projection-> CustorCRSUTM Zone>Clickort NB 2 SOl A 2 ¥y SetZomto 835 i S N& X
Leave all the other default settings.

File Graphs

Batch Processing : Graph_preprocess.xml Map Projection

3

Coordinate Reference System (CRS)

ThermalNoiseRemoval | Calibration I Terrain-Correction [ Write |
} I/0 Parameters I Subset

Sigma0_W

Apply-Orbit-File |

(@) Custom CRS
Source Bands:

-
L

-
L

[ Projection Parameters... I

Geodetic datum: .World Geodetic Sy. ..

Projection: IUTM Zone

(_) Predefined CRS

Digital Elevation Medel:

Source GR Pixel Spacings (az x rg):

SRTM 3Sec (Auto Download) |v| r
DEM Resampling Method: BILINEAR INTERPOLATION -
l"”"""le Resampling Method: NEAREST NEIGHBOUR - | oK || Cancel | Help

10.0(m) x 10.0(m) |

Pixel Spacing (m): [10.0 I m UTM Zone - Parameters %
Pixel Spacing (deg): |a_9s31525411952155-5 | | ~ane: |
Map Projection: | WGSB4(D0) | Hamisniere |North -

[v] Mask out areas without elevation [ ]
Output bands for:

[v] Selected source band [ ] DEM [ ] Latitude ongitude
[ ]incidence angle from ellipscid [ |Local incidence angle [ | Project cal incidence angle | |*]

-

oK

Cancel

| Load Graph | Run || Close || Help

Fnally, clickRunto pre-process our images.
Approxmate processing time8 minutes depending on machine

Now, you should havéhree new products in theProduct Explorer Slect the original products EB],
right-click and clickClose3 Products

3.1.4 OPTION 2Batch processing in using GPT and Python (Jupyter Notebook)

To use this methd we must first prepare graph template filehere all parameters will be prget
except the input and output file path and namEghe Graph Builder window should still be open or
we can reopen it and load the Graph_preprocess.xml file we have saved pnemieus step. Now

10



we will set all the processing paramesein the tabs below the graph. For the parameteSubset,
Apply Orbit File, ThermalNoiseRemov@alibration and Terrain Correctiorsee the section above
Leave the Readnd Write tabs uncharegl.

Save the graph Save button at the bottom of the window) with filled in parameters as
Graph_preprocess_templatenito:
/shared/TrainingMTAT0618Forestry_S1S2S3_TutoKalSentinell/Processing

Then in the file explorer (outside SNAP) navigate the folder and rightlick on the saved file
SelectOpen with-> Open with dMousepad When the file isopen,go to View -> Line Numbergor
easier navigation.

Now, we need to replace the input and output file path with a pattern that will allow the pgtho
code to recognize and replace it within the template file before processing.

Inline76 Ay (1 KS y 2 R Srepiade (ihi path BinpuflelwikiiBetween <file> and </file>)
$SInputFile

R4 Graph_preprocess_template.xml - Mousepad dcnlalad s
File Edit Search View Document Help

1 <graph id="Graph">
<version=>1.0</version>
<node id="Read">
<operator>Read</operator>
<sources/>
<parameters class="com.bc.ceres.binding.dom.XppDomElement">
<file>/shared/Trainina/TATO618 Forestry 515253 TutorialKit/Sentinel21/0riginal
S1A IW GRDH 15DV 28180514T050109 20180514T050134 021896 025D35 E395.zip</file>
8 </parameters>
9 </node>

NouvmbswWwN

R *Graph_preprocess_template.xml - Mousepad (T E R
File Edit Search View Document Help

1 <graph id="Graph"“>

2 =version=l.0</version>

3 <node id="Read">

4 <operator>Read</operator>

3 <sources/>

6 <parameters class="com.bc.ceres.binding.dom.XppDomElement">
7 <file>$InputFilel</file>

8 </parameters>

9 </node>

Inline1270 Ay GKS y2RS A e pah Rolro@puiNife ivEh@hietweed <fie>+ addS
</file>): $OutputFile

121 <node id="Write">

122 <operator>Write</operator>

123 <sources>

124 <sourceProduct refid="Terrain-Correction"/>

125 </sources>

126 <parameters class="com.bc.ceres.binding.dom.XppDomElement">

127 <file>/share ATO618 Forestry S1S2S torialKit/Sentinel-1/Processing/Preprocessing ¢
Subset S1A IW GRDH 1SDV 20180514T050109 20180514T0560134 021896 025D35 E395 Orb Cal TC.dim</file>

128 <formatName>BEAM-DIMAP</formatName>

129 </parameters>

130  </node>

121 <node id="Write">

122 <operator>Write</operator>

123 <sources>

124 <sourceProduct refid="Terrain-Correction"/>

125 </sources>

126 <parameters class="com.bc.ceres.binding.dom.XppDomElement">
127 <file>$0utputFilelk/file>

128 <formatName>BEAM-DIMAP</formatName>

129 </parameters>

130 </node>

Save the file and close it. Then go to the Desktop and open the Jupyter Notebook application. A
command line terminal will open and thenFirefox browser window will open withreome fdder
directory. In the browser, navigate tdshared/TrainingMTAT0618Forestry S1S2S3_Tutok@al/Code

and double click th&entinel_Preprocessing_sim.ipytotopen it.

11



@ Sentinel_Preprocessing_sim - Mozilla Firefox iR

Home X Sentinel_Preprocessing - X | +
C @ G} 127.0.0.1:8888/notebool \ared/Training/TATO618_Fore 15253_Tutol Code/Sentinel_Preproce LU IS earch m o =
: 'Jupyter Sentinel_Preprocessing_sim Last Checkpoint: 5 hours ago  (autosaved) @ Logant
File  Edit View nset  Cell  Kemel  Help Trusted | Python2 ©
B+ @ B[+ v HRn B[ C P vakomn o =

SENTINEL-1 PREPROCESING WITH GPT

This code uses the ESA SNAP GPT tool to process Sentinel-1 data based on a graph build int he SNAP graphical interface

1. Import Packages and set I/O Parameters

In [ 1:|# Import packages
import os
import platform
import zipfile
import sys

# SNAP GPT path

gpt_path = sr/local/snap6/bin/gpt"

# Directory wi t products

original_dir = "/shared/Training/TATe61& Forestry S152§3 Tutorialkit/Sentinel-1/0riginal/"

# Output
out_patl

d.

iirectory
"/shared/Training/TAT0618 Forestry S152S3 Tutorialkit/Sentinel-1/Processing/"

# Path to the graph XML file build in SNAP Graph Builder - Inputs, outputs and parameters replaced with keywords
graph_file_path = "/shared/Training/TAT@618_Forestry S152S3_TutorialKit/Sentinel-1/Processing/Graph_preprocess_template.xm

# Filte for input files
pattern = ".zip

# Prefix and suffix to add to processed file name

In section 1. Import Packages and set /O Parametdfist cell) all the necessarinputs are defined.
The parameters have been predefined for you but you should check them again to make sure and to
understand them better.

SNAP GPT pathdo not change this parameter it provides the code with the path to the GPT
installation.

gpt_path = "/usr/local/snap6/bin/gpt"
Diredory with input products- path to the directory where the downloaded Sentiffeproducts are
placed.

original _dir=  "/shared/Training/TAT0618 Forestry S1S2 S3_TutorialKit/Sentinel - 1/Processing"

Path to the graph template XML file we have edited

graph_file_path = "/shared/Training/TAT0618_Forestry S1S2S3 TutorialKit/Sentinel - 1/Processing
/Graph_preprocess_template.xml "

Our input folder only contains zipped S1 products; therefore, the filter pattern is not strictly
necessary.tlis used to fileffiles, whichshould be processedVe can also define the prefix and/or
suffix to add to the original file name.

Now we can run the process. Click on thg1] (or around it but not inside the cell), a blue line will
appear rext to the cell then clickhift+Enterto execute the celﬂSee‘@"' TIP).

q - TIP Check the available keyboard shortcuts. You can find thdreip-> Keylmard Shortcuts

¥

A 1% 7 ~

LT GKS OStt ¢l a SESOdziSR &adz00SaafdzZ fé& | 652y SHS

highlighted.
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« (IR 1 127.0.01 V] m o =
Jupyter Sentinel_Preprocessing_sim Last Checkpoint: 5 hours ago  (autosaved) A
+ B 4 ¢ HRn B C » |
4]
import os

import platform
import zipfile
import sys

gpt pam; ocal/snap6/bin/gpt

original dir = "/shared/Training/TATO618 Forestry S1S2 s
out_path = “/shared/Training/TATe618 Forestry 515253 TutorialKit/Sentine
graph file palh:‘ ared/Training/TATO61

pattern = I

pre =

suf = “p

print ("C )

Done!

2. Define sub-functions

Press theShift+Enteragain to move to thenext code cell. The seond code cell {. Define Sub
functions) contains sulfunctions necessary to run the process. Do not change anything and press
Shift+Enterto execute the cell and again to move the highlight to the last code cell. The las.cell (
Process datp is respongile for processing the data. Again, do not change anything and press
Shift+Enter

Home % [ X Sentinel_Preprocessing.: x | +

<« c o 7 127.0.01 ' _Tav;mnnl

file Edit View Terminal Tabs Help

Jupyter Sentinel_Preprocessing_sim Last Checkpoint: 5 hog

to http://
B ¢+ ¥ OB 4 ¢ WRn B C » j fir fetching
raise Exception(“Could not determine subprd

print (" ) https://qc.sentinell.eo.esa.int/

ome/rus/.snap6/auxdata/Orbits/Sentinel-1/POEORB/S1A/2018/05

Done! WARNING: org.esa.sltbx.sar.gpf.orbits.ApplyOrbitFileOp: Using Sentinel Restitute

d /home/rus/.snap6/auxdata/Orbits/Sentinel-1/RESORB/S1A/2018/65/S1A OPER AUX RES
05147065858 V20180514T024649 20180514T060419.EOF.zip instead

3. Process data

space =

for infile in os.listdir(original dir):
if pattern in infile: t
input file path = os.path.join(original dir, infile)
print (input_file path)
name, ext = os.path.splitext(infile)
print(name)
output_file path = os.path.join(out path, (pre + + name + + suf))
cnd_parts = [dq(gpt_path), dq(graph_file path), "-x", “-PInputFilel=" + dq(input_file path),
POutputFilel=" + dq(output file path)]
code = run_process(space.join(cmd parts))

print ("Finished!*)

/shared/Training/TATE618 Forestry S152S3 TutorialKit/Sentinel-1/0riginal/S1A IW GRDH 1SDV_20186514T650169 20188514T050134
021896 625035 E395.zip
S1A Iw GRDH_1SDV_20180514T050109 20180514T050134 021896 625035 E395

All the files in theOriginalfolder will be processed @aby-one. You can monitor the process in the

CSNXYAYlFEfd 2KSy it (KS Ay Lldziprirfed he®vathelcdllS LINR2 OS & a SR

Go back to the SNAP window and open the processed products. Select the original proeB]cts [1
right-click and clickClose3 Products

3.1.5 Coregistration

Now, we need to add all our pigrocessed products to a single coregistertatk so we canisualize
the changes in backscattednfortunately, coregistrations rather heavy and time consumingo be
patient.
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Go to Radar-> Coregistration We will add the opened products by clickiAgld Openedon the
upper right (second icon fro the top) and cliciRefresh Use the arrows to mler products by date
from 2018 to 2016

& Coregistration e
ProductSet-Reader | CreateStack | Cross-Correlation [ Warp IWnte |
File Name Type Acquisition Track Orbit o
Subset_S1A_IW_GRDH_1SDV_2... |GRD 14May2018 124 21896
Subset_S1A_IW_GRDH_1SDV_2... |GRD 19May2017 124 16646
Subset_S1A_IW_GRDH_15DV_2... |GRD 24May2016 124 11396 E « | Add opened
=
< ) Reorder
[y
& £ ) Refresh
%
s
3 Products
@ Help | [\ Run

In the CreateStacktab, set Resampling Typeas Nearest Neighbourand setOutput Extentsto
Minimum.

& Coregistration RERERE
| ProductSet-Reader | CreateStack | Cross-Correlation | Warp I Write |
Master: Subset_S1A_IW_GRDH_1SDV_20180514T050109_20180514T050134_021896_025D35_E395_Orb_Cal_T
Resampling Type: |NE;&REST_NEIGHBOUR |1
Initial Offset Method: |Orbit |1
Output Extents: |Mir‘|in1urrl |‘
Find Optimal Master

Inthe CrossCorrelationand Warptabs, leave the defaults.

In Write tab, change the name to S1A IWay20¥6 2018_Stackand make sue that the output
directory is/shared/Training/TAT0618 Forestry S1S2S3_TutoriSkitinell/Processing

c: Coregistration @

" ProductSet-Reader [ CreateStack [ Cross-Correlation | Warp [ Write |

Target Product

Name:
|SUbSEt S1A IW May2016 2018 Stack

Save as: ‘BEAM-DIMAP [v|
Directory:
/shared/Training/TAT0618 Forestry 515253 TutorialKit/Sentinel-1/Processing/] |[_|

@ Help [:> Run

ClickRun Approximate processing time3.5minutes depending on machine
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A new product T] has appeared in the Product Explorer. Expand it and have look at the contents of
the Bandsfolder. It containsthree bands each corresponding to one acquisition date. Double click
the first band to open it in View.

fi ] SNAP (sl

File Edt View Analysis Layer Vector Raster Optical Radar Iools Window Help Q-
d| P =R PoarlO®BOIl2> B LW rOQAAI\NTVERY:

8 (71 Sigma0_W_mst_1aMay2018 x [+

2
y:

sabeuen ysew Ky || |4

buuouuow 1oy §

Navi. X colour_ | Uncert . |World . |Layer

L)

wEpprl L

®

We have selected thérst subset larger than our final subs@harked in green abovd)ecausewe
have applied it before theefrain correction in order to minimize processing time. However, to
ensure the exact extent that we wame should only perform the subsedfter theterrain correction
when the data are converted from the SAR geometry to a geographic projeétimve you can see
the final AOI indicated in greemVe will use a simple subset agaito acquire or final AOIGo to
Raster-> Subset

In the Spatial Subsetab click on th&seo Coordinatesind set:

North latitude bound:50.26272
West longitude bound17.29581
South latitude bound’50.12339
East longitude boundi7.49995

ClickOK New product [8] has appeared in the product explorer. Railak the product ad go to
Open RGB Image Window

m Select RGB-Image Channels B Set Red: $8.Sigma0_VV_mst_14May2018

Profile: Green: $8.Sigma0_VV_slvl _19May2017
| v|e3 [

Red:  [$8.5igma0_WV_nst_l4May2018 |w

Blue: $8.Sigma0_VV_slv2_24May2016

Green: [$8.Sigma0_VV_slvl_19May2017 vl ]

Blue: [$8.Sigma0_W_slv2_2aMay2016 |w| .. |

Expressions are valid

| ok || cancel Help
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fi | [8) RGB - subset_0_of S1A IW_May2015_2018_Stack - not saved - SNAP (sl
Flng Eiik i Ndww = Ansbyats .- LiyaraMuctor - Raster-iOpticalAader - Tools::Wodow.: Hain Q-

ag H S hd| P& Aoer Al ® 12 e l£ X % LW R ORAAEINVER D

& '@ (71 Sigma0_W_mst_14May2018 x| [ [8] Sigma0_W_mst_14May2018 x| [} [8] RGB x

e L

®

3.1.6 Conversion to dB anthask

To enhance the contrastet us convert the data to deci. Go toRaster-> Data Conversionr>
Convert bands to/from dB Set the source tthe subset product with index number [8] and output
Directory:/shared/TrainingM ATO618Forestry_S1S2S3_Tutorial&iéhtinell/Processing

Leave the other default parameteend clickRun A new product 9] wascreated Open RGB view of
the newly create product.

-
] [10] RGB - subset_0_of S1A _IW_May2015 2018 Stack_dB_Spk - /shared/Training/TATO618 Forestry S15253  0_of_S1A_IW_May2015 2018 _Stack dB_Spk.dim - SNAP [wrem—c
File Edit View Analysis Layer Vector Raster Opticsl Rader Jools Window Help Q-
i /| o it ) GeP " v
a g Fhd PR Aor il @ 8 e l£ T 24 KB r0QAIN\NTER D

Product Explorer X | Pixel Info B (G 7] Sigma0_W_mst_14May2018 x| [ (6] Sigm

W_mst_14May2018 x| [ (6] RGE x|/ [ (101 RGB x <rli>o
- .

A1e1q1 NPOId &

sabeuer ysen

wuow 10v §

wEpppp g

A lat - lon - Zoom - Level -

Next,we need to assign the NoData value. GRiaster-> Data Conversior> Set NeData Value
Selecl¥! No Data Value Usedand seiNo Data Valuao 0.0. Click ygto Overwrite the existing file

In Product Explorer, click on the last produgt o highlight it, then go td/ector -> Import -> ESRI
Shapefile Navigate to/shared/TrainingMTATO618Forestry_S1S2S3_TutorialKit/Auxdatad open
the clc12_cz_forest subts UTM33_dis.shp.
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A vector overlay appeared over theew; we could edit the appearance by going taayer Manager
(on the left side panel or iNiew -> Tool Windows. In the Layer Managerexpand theVector data
folder and selectlc12_cz_forest_subset MB3 dis and click or# Layer Editor

m SNAP (e
Fle Edit iew Analysis Layer Vector Rester Optical Reder Iools Window: Help Q-
a % S dd| PR Ber @B ke £ = 3 HB® roQAINTR D
Product Explorer X | Plxel Info & W17 Sigma0_W_mst 14May2018 x| [ (8] Sigma0_W_mst 1aMay2018 x| [ (8] RGE x| [ (101 RGB x Layer Manager X%
o A% s 3
&
23
W_May201! stack_dB @
o i@ [10] subset_0_of S1A_IW_May2015_2018_Stack_dB_¢ clc12_cz forest_subset UTM33_dis
T =
3
& ‘.;
o
8
3
3
3
‘ 0
= @
Q 3
[} S
H
by 3
so% 100%
L] s wm ©
a o = Zoom - level -

The vector layer presents forest areas. It was derived from the Corine Land Cover 2012 for Czech
Republic (provided by the CENI&zech Environmental Information Agency) by aggregafimgses

311 to 313 The RGBomposite is a good indicator of forest damagehange in backscatteLet us

mask theout the nonforest areas and save the layer as GeoTIFF so we can inspect it in QGIS over
aerialorthophoto. Go toRaster-> Masks> Land/Water Mask

In thel/O Parameéers, set: Save asGeoTIFF.
In the Processing Parametertab set:Use Vector as MasK hen clickRun.

[ Land/Sea Mask | & Land/Sea Mask [FHERGN
File Help File Help
[ /O Parameters | Processing Parameters | IfO Parameters | Processing Parameters

Source Product Source Bands: Sigma0_WV_mst_14May2018_db

source: _ Sigma0_WW_shvl_19May2017_db

[[101 subset_0_of S1A_IW_May2015_2018_Stack_dB_Spk |v| Sigma0_WW_sh2_24May2016_db

Target Product
Name:
|subset 0 of S1A IW May2015 2018 Stack dB Spk msk

[v] Save as: |GeoTIFF i | (0 Mask out the Land
Directory: () Mask out the Sea
||.|"I'AT0618 Forestry S15253_TutorialKit/Sentinel-1/Processing|| ... [¥] Use SRTM 3sec

[w] Open in SNAP ®) Use Vector as Mas

IcIch_cz_forest_subset_UTM 33 _dis |v|

] Invert Vector
Extend shoreline by [pixels]:[o |

Run Close Run Close

3.1.7 \Visualization(QGISand comparison

[ SGQa Ay aLISnOQGISiGo $apilidedi>dRiitessing> QGIS Desktolick on theAdd
Raster Ayerbutton located in the left pane #.), navigate to:
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/shared/TrainingM AT0618Forestry_S1S2S3_Tutorial&ehtinell/Processing select the saved
Subset_S1A IW_May2016 2018 Stack_dB.tiihakd clickOpen

Rightclick the Subset_S1A IW_May2016_2018 cBtalB_mskn the Layers Pane&nd then go to
Properties- in the Transparencyab set: Additional no data value0

Layer Properties - Subset_of S1A IW_May2016_2018 dB_msk | Transparency & 1?: Layer Properties - Subset of S1A IW_May2016 2018 dB_msk | Style &
w Global transparency w No data value o
}———————— || F Nodata value: not defined
— Rend i -
None 0% Full || additional no data value! nder type IMumhand color
l&@ mansparency Red band [Band 1 (Gray)
w Custom p: y options — 5
S pyramids Min [-15.1668 Max [-0.0476496
Transparency band | | & Pyramids
o Green band  [Band 2
Transparent pixel list
Min [-12.4894 Max [0.0293326
Red | Green [ Blue [ Percent Transparent | EI
- Blue band  [Band 3
“
_I Min [-12.0682 Max [-0.0500837
EI Contrast -
;] enhancemant |Stretch to MinMax
7 [ Load minjmax valies:
e
Cumulative Iﬁ ,ﬁ
E] F countcut 120 - [98.0 %
€ Min / max i
Mean +/- r
. standard deviation x 1200 =
Accuracy |Estimate (faste
[~ Clip extent to canvas.
w Color
Blending mode [Normal 3
Brightness [— o | contrast —— ——— [0
< | off
style ok | cancel | _apply | Heip Style - Cancel | Apply | Help
It/ QGIS 2.18.18 R
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
B S @O M DD G T ([0 £ I — I
| E::D:H@"o“)* L28DPPRALEBEIee E-LEEE®m e |8
I v Po w5 e w (W bl abc abg ahg  wg swil |
| # ¥ o/x @ ¢ m N - | S X )
ELE X3 X G
.. |Browser Panel & x Processing Toolbox -]
Vo [Gevto o
= 5] Recently Used algorthms.
'G & = Processing @ [;ssmve 2
& 9 Processing_backup Difference
@ @8 S1A_IW_May2016_2018.data . Cip

@[ Subset_of S1A_IW_May2016_%
+ [ Subset_of S1A_IW_May2016_
@ {8 Subset_SIA_IW_GRDH_1SDV_
3 8 Subset_S1A_IW_GRDH_1SDV_
& SubselisuilwﬁRDN’lSD\l’J
I Graph_preprocess_template.x
Graph_preprocess_template.x
¥ Graph_preprocess.xml
Graph_preprocess.xml

W, Polygon from layer extent
(- & GDAL/OGR [48 gecalgerithms]
G ¢ GRASS GIS 7 commands [314 geoalgorithms)
@ & Models [0 geoalgorithms)
& 7 QGIS geoalgorithms (117 geoalgorithms]
@ [@ scripts [0 geoalgorithms)

‘4
®

&

4

Sentinel-2

Sentinel-3

_Forestry_S15253 TutorialKit_worki_,
SR e Ry y._;’_l

SEPSHRAN

‘4

You can add more algorithms to the toalbox.

. . L4E ldenﬂfy Results 8
| s : { / TR
: ) 2 ) Feature | value

8 x

Mode |Cum-nt layer ha I” Auto open form

View [Tree =~ Help

Coordinate 661753,5570574 % scale[193282 ] g Magnifier[100% = Rotation [0.0 = Render @ EPsG:32633 (OTF) @

Disturbed areas appear in bluish colours. In this case, the method cannot be confidently used to
delineate thestructurally damage@reasbut can serve aan indicator of the locations (SC@' TIP).

N L TIP: Theorthophoto can be added to your QGIS project as WMS service provided by the
’@‘ National Geoportal INSPIRE. In Bewser Panelscroll down and rightlick at theWMS Go to
¥ bSg [ 2y yI8hdaiCorngttion details set:
Name: Orthophoto_2016
URLttp://geoportal.cuzk.cz/WMS_ORTOFOTO_ PUB/WMService.aspx
Click OK. Then add another WMS with
Name: Archive_orthophoto

URLhttp://geoportal.cuzk.cz/WMS_ORTOFOTO_ARCHIV/WMServiee.asp
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http://geoportal.cuzk.cz/WMS_ORTOFOTO_PUB/WMService.aspx
http://geoportal.cuzk.cz/WMS_ORTOFOTO_ARCHIV/WMService.asp?

3.2 Optical data z Sentinel-2 MSI

3.2.1 SNAR open and explore data

Launch SNAP (icon on deska). When the SNAP window opens click Open prc&ichavigate
to: /shared/TrainingMATO618Foresry S1S2S3_TutorialKit/Senti¥#0riginal

Openthe S2 productfrom 2018.Then open the Lev&A product from 2016 by navigating inside the
folder to GRANULE/S2A_USER_MSI_L2A TL_MPS__20160523T133345_A004795_T33UXR_N02.00
and selecting thexml file(see” | NOTEB).

»

NOTE 6: The product from 2016 we have downloaded is a-L&v@roduct- not atmospherically
corrected (for data dowioad, see sectiod.1 Data download. Before opening the product in SNAP
will run the atmospheric correction using the Sen2Cor algorithm. The steps are descrileetion 4.2
Atmospheric correctiorfor S2

Rightclick the product and clic®pen RGB image windava new window will open. From the drop
down menu select:

Profile: Sentinel 2 MSNatural Colors

Investigate the change visually in areas indicated by purple ellipses below.

__

[ 121 524 M51L2A 201805137095031 NO207_RO79_T33UXR_20180513T115612 - Ushared/Training/TATO618_Forestry_515253 TutorialKit/Sentinel-2/Original/S2A MSIL2A 201805 N0207 RO79 T33UXR 20380513T11% 4o (o) -4
Fle Edt View Analysis Layer Vector Raster Optical Radar Jools Window Help [o]

| ’ 2 Jane ) GeP . . v v

a%| D¢ J&d| PR Ber OOl = G2 K QA TNV BR Q9 |35

Product Explorer X | Pixel info S (@ (1] Sentinel 2 Ms| N < ¥I[)[0] | W@ 2] Sentinel 2 = .

o @ [1] 52A_USER_MTD_L2A TL MPS_2 4|
SiL2A_201805137095031

5o By

3.2.2 Resame & subset

To avoid processing the datasets one by one we will useBtiteh processingaind Graph Builder
again Go toTools-> GraphBuilder At the moment, the graph only has two operatorRead(to read
the input) andWrite (to write the output).

The B bands in Sentinél products do not all havéhe same resolution< size, see” | NOTE?).
Many operators in SNAP toolbox do not support products with bands of different sizégst we
need to resample the bands to equal resolutidrightclick on thewhite space between the
operators and go té&\dd -> Raster-> Geanetric -> Resample{See" 'NOTHB).
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Then we need to subset our data to our area of interest (AGH.toAdd -> Raster-> Geanetric ->

Subset.Thenright-click again and go ta@Connect Graph.

NOE 7 The input produc

contains 13 spectral ban

in three different spatial

resolutions (The surfac

area measured on th®
ground and represented ¢

an indivdual pixe). Wher =
we open the RGB view

our input bands have 20
resolution, however, th
view is displayed in the ft
10 m resolution.

10

VIS

Source:

NIR SWIR

2_ESA_Bulletin161.pdf

Aerosols |

| 4
N

B9 B10

Water-vapour Cirrus ‘

Snow/ice/cloud discrimination

B5 B7 B8a

Vegetati

B6

B2 B3 B4
60

0

400 800

Credits: ESA 2015

all
i

Bll

1000 1200 1400 1600

1800

L 4

Vegetation status

B12

2400

2000 2200

NOTES: The resampling product appearsin the Product explorer buit is not physically saved
Theefore, it will be lost if you close it or if you close the source product.

Save the graph ttshared/TrainingTAT0618Forestry _S1S2S3_TutorialKit/Sent@#rocessing

Go toTools-> Batch ProcessingNVe will add the opened products by clickiadd Openedon the

upper right (second icon from the top) and click refresterftwe click_oad Graptat the bottom of

the window, navigate to our saved graph, and open it. We see that new tabs have appeared at the
top of window corresponding to our operators with the exceptionVdfite; this is correct, as these

parameters will beset in thel/O Parameterdab.

E! Batch Processing : Graph Resample Subset.xml
File Graphs
[ WO Parameters | Resample | Subset
File Name Type Acquisition Track Orbit L
S2A_USER_MTD L2A TL_... |S2_MSI_Lev... |23May2016 99999 99999 —
S2A_MSIL2A_2018B0513T... |S2_MSI_Lev... |13May2018 99999 99999 e =
[
L —-
%
L
2 Products
Target Folder
Save as: |[BEAM-DIMAP v
Directory:
.fsharedf’Tra|ning,’TAT061B_Fore5try_515253_TutoriaIKiUSentlneI-UPreproces5ir1g |
[] skip existing target files [v] Keep source product name
q Load Graph Run Close “ Help

= Add Opened
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Se the targeDirectoryto:
/shared/TrainingTAT0618Forestry S1S2S3_TutorialKit/Sent@@rocessing

In the Resampldab, set:Define size of resampled product:
By ref@ence band from source produds2

m Batch Processing : Graph_Resample_Subset.xml [T+ EX
File Graphs

I/O Parameters | Resample | Subset |

[»

Define size of resampled product

le2 K

@) By reference band from source product: Resulting target width: 10980

Resulting target height: 10980

_ By target width and height:

) By pixel resolution (in m):

Upsampling method Nearest | v

Downsampling method .First |v.

Flag downsampling method First | v B

[l Resamnle on nvramid levels ifor faster imaninal |
Load Graph | Run Close Help |

In the Suwbset tab, click to select th&eographic Coordinatesption and paste the area of interest
definition in WKT (well know text) format to the text window below the map.

POLYGON ((17.29581 50.26272, 17.50702 50.25835, 17.49995 50.12339,
17.28933 50.12773, 17.29 581 50.26272))

ClickUpdateand then click th&Zoontin icon" " to see your subset on the map.

m Batch Processing : Graph_Resample_Subset.xml e Eles
File Graphs

/O Parameters | Resample Subset [

Source Bands Bl
B2
B3
B4
B5
B6
B7
B8

L«

[v] Copy Metadata

) Pixel Coordinates (@ Geographic Coordinates

‘99954223632812 50.26271438598633, 17.499954223632812 50.12338638305664, 17.29| Update

Load Graph “ Run I Close Help
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ClickRun Two new products will appear in yo&roducts Exploretab. Now close the two original

products [1] and [2].

3.2.3 Cloud cover

First fS0Qa Ay@SadAaalr dS dgelerated a@ dzRproduat @f addospleriy’ R &

correction applied to the Leve@A products. Expand the product in tHeroduct Explorerand go to
Masks -> scl Open masksscl cloud_high_proba(pixels with high cloud probability) and
scl_thin_cirrugthin cirrusclouds.

Now you should have four bands open. GdNmdow -> Tile Evenlyand then go to theéNavigation
tab, clickzoom Al®% . We can see that as expected our image is cloudless.

][J]Subsex_szA_MSII.zA_zolaosl37095031_Nozo7jo79_nzuxn,201905117)15612_uumplud-L‘sh-reummmng/‘m‘msla_Furesrry_slszs!_ _S2A_MSIL2A_20180513T095031 NO2G (o =l o,

ector Raster Optical Radar Tools Window Help Q-

& d| P =L Aer Al ® 8 o l£ X & KB® v QAAGCNER P

aBeurk 1som ks

BEBEBBEBBN8: ;2 ¢

3.2.4 Vegetationindices(VIs)

Vegetation indices are usually an arithmetic combination of surface reflectance at two or more
wavelengths, designed to hilight a particular property of the vegetatiorBelow you will find a list

of selected VIs. Seletwo Visthat you find most interesting/relevarglusNDVI.

S2 Band 1 3 4 5 6 I 8 8A |9 10 11 12

Cezmire 443 560 (I Z T £ T VIl 945 | 1375 | 1610 | 2190
wavelength (nm)

Bandwidth (nm) | 20 35 15 15 20 115 20 pAOEEEN 90 180
Spatial res(m) 60 10 20 20 20 10 |20 |KEommEel 20 20

Name Equation (SentineR bands) Notes

TheNormalizedDifference Vegetationlndex algorithms

exploit the strength and the vitality of the vegetation ¢

the earth's surface.Indicates amont of vegetation,

NDVI(Rouse 00Y YQQ oY Ot d]ic?tinguishes veg from soil andinimizes topographig
T 7 7, ” m e ects

1974) 0 OY YQQ oy ot Range:1 to 1

Values:A zero means no vegetatioma close to +1 (0.4

- 0.9) indicates the highest possible density of greg

leaves.
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RVI(Blackbun
1998)

The Ratio Vegetation Index algorithm is the simpleg
ratio-based one. The simplest ratimsed index is als
called the Simple Ratio (2R PSSR Indicates amount]
of vegetation and @duces the effets of atmosphere
andtopography.

Values: highvalues for vegetatioripw for soil, ice,
water, etc.

TNDVI(Baret
and Guyot 1991)

0 0Y YQQ

0 0Y YQQ
oy o1
oy ot

®

The Transformed Normalized Difference Vegetation
Index algorithm indicatethe amountof green bionass
that is found in a pixelTNDVIs the square root of the
NDVI.

It has higher coefficient of detmination for the same|
variable. The formula of TNDVI has alwgyssitive
values and the variances of the ratio are proportiona
mean values.

NDVI45
(Delegido et al.
2011)

YQQ 'YQQ 6u

0t

YQQ 'YQQ 6u

Ot

TheNormalizedDifference Index45 algorithm islinear,
with less saturation at higher values than the ND
Specifically designed for Sentirietata
Range:lto 1l

MTCI(Dash and
Curran 2004)

00Y YQQ 6o

YQ'Q YQQ 6u

01

The Meris Terrestrial Chlorophyll Index algorithm wasg
developed for estimating chlorophyll content fro
MERIS (Medium Resolution Imagir§pectrometer)
data.

The MTCI aims at estimating the Red Edge Pos
(REP) the maximum slant point in the red andIR
region of the vegettion spectral reflectance
It is useful for observing the chlorophyll conten
vegetation senescence, and stress for water a
nutritional deficiencies, but it is less suitable for la
classification.

IREC(Clevers
1983)
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The Inverted Red-Edge Chlorophyll Index algorithm
incorporates the reflectance in four bands to estima
canopy chlorophyll content

MCARI
(Daughtry et al.
2000)
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The Modified Chlorophyll Absorption Ratio Index
algorithm was develomt to be responsive tg
chlorophyll variation.This algorithm is responsive t(
both leaf chlorophyll concentrations and grour
reflectance.

GNDVI(Gitelson,
Kaufman, and
Merzlyak 1996)
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The Green Normalized Difference Vegetation Index
algorithm was developedo be more sendive than
NDVI to identifychlorophyll concentration which is
highly correlatedwith nitrogen.

The use bgreen spectral band was more efficient th
the red spectral band to discriminate nitrogen.
Range:1to 1

S2REP
(Frampton et al.
2013)
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The Sentinel-2 Red-Edge Position Index algorithm s
based on linear interpolatian Red edge, as thg
inflection point of the strong red absorption to nea
infrared reflectance, includes the information of bo
chlorophyll contentNitrogen)and growth status.

Now we will use a graph that has been provided for you in ®mcessingfolder -
Graph_Vis_Calculatioxml
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@ BandMaths m@

Read |—3=|mport-Vector « BandMaths(2) ——=x BandMerge |—x= Write

BandMaths(3) /

In Step 1 we import vector forest mask to mask out all nforest areas. Theector layerhas been
created based on the Corine Land Cover 2012 for Czech Republic (provided by the CEd¢IA
Environmental Information Agency) by aggregatifagses 311 to 313.

In Step 2 we use theBandMathsto calculate three VIs (NDVI + two selected VIs).
Then inStep3, we use theBandMergeto merge the calculated VI bands to single output product.

To use the graph, go tbools-> Batch ProcessingVe will add the opened products by clickiigid
Openedon the upper right (second icon from the top) and click refresh.

Then, deselect thL| Keep source product name

Next, click Load Graph at the bottom of the window; navigate to
/shared/Training/TAT0618 Festry S1S2S3 TutorialKit/Senti@dProcessing and open
Graph_\s_Calculation.xmlWe see that new tabs have appeared at the top tioé window
corresponding to our operators.

File Graphs
BandMaths | BandMaths | BandMaths | BandMerge | Write
[ I/O Parameters | Import-Vector
File Name Type Acquisition Track Orbit :’,}-
Subset S2A MSILZA_20... |S2_MSI|_Lev... |[13May2018 99999 99999 —
S = e : e |
Subset S2A_SAFL2A_20...|52_MSI|_Lev... |23May2016 99999 99999 <+ c Add
—
4
2
£2 &= Refresh
-
L

2 Products

Target Folder

Save as:

Directory:

[[] Skip existing target filesOeep source product name

$| Load Graph Run Close | Help

In the Import-Vectortab, go to/shared/Training/TAT0618 Forestry S1S2S®rialKit/ Auxdataand
openclcl2_cz_forest_subset_UTM33_dis.dhghe firstBandMathstab, set following parameters:

Target BandNDVI
No-Data ValueNaN
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Expression: if clc12_cz_forest_subset_ UTM33_dis_1 then (B8 - B4)/(B8 + B4) else NaN

m Arithmetic Expression Editor aEle s

Data sources: ) Expression:
Bl - 1f clcl2_cz_forest_subset_UTM33_dis_1 then (BS -
B2 = B4) /(B8 + B4) else NalN

e+e
B3 @-a@
B4 e*e
ese

BS
B6

[w] Show bands 11 >
Constants. .. | >

[w] Show masks
r
[]show t e it Operators. .. |»

| — m: :,IE 0k, no errors,

0 ] y Functions, .. | E-
oK | Cancel Help

Repeat the same for the next two BandMaths tabs with your selected Vis.

Target Band<name>

No-Data ValueNaN
Expression: if clc12_cz_forest_subset UTM33_dis_1 then <equation>  else NaN
N

& 2 TIP: All expressions you will be using during this tutorial are aimikabcopypaste from the
@ Expressionsxt file in/shared/Training/TAT0618 Forestry S1S2S3_TutorAlkitlata.

«

In the Write tab, set thetarget Directoryto:
/shared/Training/TATO18 Forestry S1S2S3 TutorialKit/SemiBlocessing

| Batch Processing : Graph_Vis_Calculation.xm| A x
File Graphs

(/0 Parameters | Import-Vector | BandMaths | BandMaths | BandMaths | BandMerge [ Write
Target Product

Name:
[Subset_S2A MSIL2A_20180513T095031_N0207_R079_T33UXR_20180513T115612 resampled_BandMath

Save as: |BEAM-DIMAP -

Directory:
|fsharedfTram|ngf‘I'AT0518 Forestry S15253 TutorialKit/Sentinel-2/Processing

| Load Graph | Run || Close || Help

ClickRun Two products will be create@ind added in thd’roduct Explorer Now, clickon the + sign
to expand the product in theProduct Explorer go to the Vector Data and delete the
clc12 cz forest subset UTM33_disDb the same for the second product.

Open theBandsfolder and explore the calculated VI bands.
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|i SNAP

a% S hd PR o W OBkl D 3

Product Explorer X Pixel
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3.2.5 Collocation

Now, we wil use the collocation tool to add both products to a single one in order to calculate the
change in the NDVI (and other VIs). GoRaster-> Geometric Operations> Collocation In the
menu that appears, in th8ource Productset the VI product from 2@ asMaster and the product

from 2016 as &lave In theTarget Products
Name S2A May2016_2018_ <names of the ViIs>
Format: GeoTIFF

Directory:/shared/Training/TATO18 Forestry _S1S2S3_TutorialKit/Sert#iBlocessing

In the Renaming of Source Product @ponentssection

Rename master componentseplaced a ¢ GA UK aHAmy é
RenameslavecomponentsY NBLJ | OS G{ ¢ 6AGK dHnmcé
m Collocation Bl

File Help

el g g ete e
aster Ipixe| values are conserved):

3] SuhSet‘_SIA_MSILZA_ZDl80513T095031_NU207_R079_T3SUXR_ZUIBU51'3T115512_rasamp|ed_NDVl_ﬁV\_TNDVI "l —

(=[]

Slave (pixel values are resampled onto the master grid)
[6] Subset S2A SAFL2A_20160523T143616_R079_T33UXR_V20160523T095404_resampled_NDVI_RVI_TNDVI

TETOET P OOOLT
Mame
|‘32A May2016_2018_NDVI_RVI_TNDVI

v| Save as lGeuT\FF - I

Directony:
l."sharedﬁraining-’TATO6187Forestry.;S].32‘337Tutoria\KitlSentine\-2FPmcessmg I | . ]

l¥] Open in SNAP

Renaming of Source Product Components

[¥] Rename master components: [${ORIGINAL_NAME} 2018 |

v] Rename slave components;  [${ORIGINAL_NAME} 2016| |

Resampling

Method: ‘Neerest neighbour resampling vl
I

Slaze

o & [3] Subset_S2A_MSIL2A_201
o~ @ [4] Subset_S2A_SAFL2A_201
o & [5] Subset_S2A_MSIL2A_201
o & [6] Subset_S2A_SAFL2A_20]
¢ & [7] 52_May2016_2018_NDVI
o @3 Metadata
o- (@ Flag Codings
o G Vector Data
¢ & Bands
@ n~ovi_2018
@ rvi_2018
@ T~ovi_2018
@@ novi_2016
W rvi_2016
@@ Twovi_2016

@ collocation_flags

ClickRun
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3.2.6 Calculate changketween 2016 and 2018nd visualize

A new product with index number [5] was added to tReoduct Expdrer containing all the
calculated Vis for 2016 and 2018. Now we can useBtmadMath operator to calculate the change.
Rightclick the product and select I y R
2018 and 2016Set:

Name:<VI name>_2018016

DeselecVirtual as we want our calculated bantts be physically saved.

a lbnd for edch VI calculate the difference between

Target product:

Band Maths

Name:
Description:
Unit:

[5] S2_May2016_2018_NDVI_RVI_TNDVI

[Now1_2018_z016

m Band Maths Expression Editor 4+ 0 X
Product: |[5] S2_May2016_2018_NDVI_RVI_TNDVI -

Spectral wavelength:l0.0

[ ] virtual (save expression only, don't store data)

[v] Replace NaN and infinity results by NaN

|| Generate associated uncertainty band

Band maths expression;

Load... H Save... | | Edit Expression... |

| oK || Cancel | Help |

Data sources; _ _Expression; )
$5. NDVI_2018 - @+ @ | $5.NDVI_2018- $5.NDVI_2016
$5.RVI_2018

$5. TNDVI_2018 e-e |

$5. NDVI_2016 @*e |

$5.RVI_2016 @/ @ |

$5. TNDVI_2016

$5.collocation_flags (e |

$5.NDVI_2018 2016 diff Constants. .. v |

$5.RVI_2018_2016_diff OheTETRra -

§5.TNDVI 2018 2016 diff|¥] : :

|75how bands .Functlons... vl

[ show
[] show tie-point g

[ ] sShow single flags

BITOrS

o

| OK | Cancel ‘ Help

Investigate the difference bands. In tl@olour Manipulationtab, click £ Import colour pallete
from text file. Navigate to:/shared/Training/TATO18_ Forestry S1S2S3 TutbfidAuxdata and
open S2_diff _colour_palette.cpdin the next dialogue clicklo (Do not distribute from min to max
for NDVI (selecYesfor other VIs).

| SNAP oo l=d
File Edit View Analysis layer Vector Raster Optical Radar Tools Window Help Q-
% D@ | Jhd PR T UO Rl = G H TE* b0 AXINDTE Q-

Product Explorer X | Pixel Infa
o & [1] Subset_S2A_MSIL2A_20180513T095031_N0207_R073_T33Ux
o & [2] Subset_S2A_SAFL2A_20160523T143616_R079_T33UXR_V201
o & [3] Subset_S24_MSIL2A_20180513T095031_N0207_RO79_T33UX
o & [4] Subset_S2A SAFL2A_ 20160523T143616_R079 TI3UXR V201
¢ & [5]52_May2015_2018_NDVI_RVI_TNDVI

¢ @ Bands
B novi_zois
@ rv_z018
@ Tovi_2018
@ novi_2016
@ rv_z016
@ Tovi_2016
@ collocation_flags
3 novi_2018_2016_diff
[ RvI_2018_2016_diff
[ TNDvI_2018_2015_diff

[« II ]

ur M... | Uncertai

Navig.. % World Map_| Layer Ed.

(E] 2 202

[[1:2385 | =k

& [ (5] Novi 2018 x| [ (51 NDVI_2018_2016_diff |

[EE

[Erermie | ety o 1) %

Zoom - Level - (@

Lon  ~ |

Compare your resultt'om the threeVis. Do you see differencedVhat are they Can you explain

them based on what you know about thiedice® Rightclick on theproduct and cliciSave Product
to save our changes and calculated bands.
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3.3 Optical data z Sentinel-3 OLCI

3.3.1 SNAR open and explore data

RelLaunch SNAP (icon on deskt?-). When the SNAP window eps click Open produd,
navigate to: /shared/TrainingMAT0618Forestry _S1S2S3_TutorialKit/SentBrocessing

Open both .dim filesWe have two productd_evell and LeveR from 23 May 206 (See” | NOTE ¥

Both have already been reprojected and seb to the area of the administrative region

Moravskoslezky Kréfor details see sectiof.3 Sentinet3 OLChpre-processing steps Unfortunately,
it was not possibled find a cloudless image for 20{8efore May 15, 2018nd therefore we will
only havea lookat the situation in 2016.

*

NOTE 9 evel-1 products intude TopOf-Atmosphere (TOA) radiometric measurements, radiometricg
corrected, clibrated and spectrally characterised. It is quality controlled, oflenlocated (latitude and
longitude coordinates, altitude) and annotated with satellite position and pointing, landmarks
preliminary pixel classification (e.g. land/water/cloud m3gsk&oducts are generated in FR (300 m) &
in RR (1.2 km) for the whole globe with the same coverage (ESA, 2018).

Level-2 products consist bgeophysical quantities derived from the processing of measurement (¢
provided in the Level product. LeveR products specifically for marine and land application doma
are generated separately by the SENTHREIDGS, with each containing the pardaeneelevant for the
specific field of application (Land/Water). LeRehtmospheric information relevant for both applicatio
domains, such as water vapour, is reported in both types (ESA, 2018).

Firstf St Qa 2 LISy (K Seveklproduet. Rightlicktie prodad and select Open RGB

Image Window and set:

Red:0a09 radiance (673.75 nm)
Green:0a06_radiance (560 nm)
Blue:0Oa04 radiance (490 nm)
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https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-3-olci/processing-levels/level-1
https://sentinels.copernicus.eu/web/sentinel/user-guides/sentinel-3-olci/processing-levels/level-2











































