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1 Exercise outline

In this exercise we will learn the basic steps to calculate the

deforestation area based on S2 images:

e We will download images of the same area of interest over a
period of 3 years

e We will open 3 images in SNAP

e Create a reprojection to WGS 84 UTM Zone 19 South

e Perform image preprocessing by creating a GraphBuilder graph

e Using Batch Processing, perform preprocessing for the 3 images
together

e The result will be 3 NDVI images showing vegetation

e Perform image classification based on the created training region
on all 3 images, resulting in forest/non-forest masks

e Export the resulting masks to QGIS and colour the masks by year
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2 Mapping deforestation using ESA satellite mission S2

Forests contribute to ecosystem services differently depending on the
economic and ecological environment. Boreal and peat forests regulate the
climate ecologically through their large underground carbon stocks, while
tropical forests contain almost all the carbon above ground.
Socioeconomically, in dry tropical forests with relatively dense populations
of poor people dependent on forests, forests contribute substantially to
livelihood needs such as firewood and fodder for livestock. In temperate
forests, the recreational value of forests for populations with disposable
income for tourism or the need to protect watersheds of large urban
centres becomes more important. This heterogeneity in services and
pressures on forests creates different monitoring needs in different parts
of the world.

Data from RS can play an important role in planning for and responding to
wildfires on forest lands. Such data and derived products on tree cover,
species, and volume/biomass estimates can be used to input spatially
explicit fire load models. Once a wildfire becomes active, imagery acquired
near real-time can be critical to fire management and control efforts.
Many of the applications of RS in agriculture are also relevant to forest. For
example, multispectral or hyperspectral imagery can be used to detect
stress in tree leaves associated with insect or pathogen populations,
nutrient imbalances, impacts from herbivores and other wildlife,
environmental degradation (due to ozone, acid deposition, smog, and
other factors), and meteorological conditions (moisture stress, drought,

and storms).
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2.1. Study area and image download

Download three images of the same area using the Tile Number *20KPA*

for years 2019, 2020, and 2021 from the Copernicus Open Access Hub.

[Attps.//scihub.copernicus.eu/dhus/#/homeé]

e8a opernicus Copemnicus Open Access Hub

Your cartPwTns 3 products

Display 1o 3 of 3 products

EZNIEN 524_msiLz_202107287141051_N0301_

strument MS! S

eSa opemicus
y gryu i womEvm L
*20kPA]

» Sensing peniod

» Ingestion period

2.2. Open product

In SNAP, we will open 3 satellite images from Sentinel 2 to map the

deforestation between 2019, 2020, and 2021.

File Edit View Analysis Layer Vector Raster Optical Radar Tools Window Help
A DE AP lOREY WSS

Product Explorer X |Pixelinfo |

S [1]52A_MSIL2A_20191027T141051_NO213_R110_T20KPA_20191027T163011
525_MSIL2A_20200718T 141043_N0214_R110_T20KPA_20200718T 163329

E-E8 [4] S28_MSIL2A

E SMAP - Open Product

Look in: Zadanie_5_Deforestation

o S24_MSIL2A_20191027T141051_MN0213_R110_T20KPA_20191027T163011.54FE
:Tj S2A_MSIL2A_20210728T141051_MN0301_R110_T20KPA_20210728T181336.5AFE
Naposledy p... S2A_MSIL2A_20210926T141051_N0301_R110_T20KPA_20210926T183713.5AFE
52B_MSIL2ZA_20200718T141049_N0214_R110_T20KPA_20200718T163925,.5AFE

7 S2A_MSIL2A_20181027T141051_N0213_R110_T20KPA_20191027T163011

. 2 S2A_MSIL2A_20210728T141051_N0301_R110_T20KPA_20210728T181336

Pracovna plo... 524 _MSILZA_20210826T141051_N0301_R110_T20KPA_20210826T183713

7 S2B_MSIL2A_20200718T141049_N0214_R110_T20KPA_20200718T163529

Navigation - [1] RGB % lj 0% Tuterials_Deforestation_52
Dokumenty
Tento poditad
éwéf
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https://scihub.copernicus.eu/dhus/#/home

By opening and displaying all 3 images at once, we can take a first visual

interpretation of deforestation in the years 2019, 2020 and 2021 - from the

left.
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Before processing the images, it is advisable to reproject

system WGS 84, UTM Zone 19 South - Paraguay.

them to the

File Help

(®) Custom CRS

Geodetic datum: | World Geode

Projection: UTM Zone

(O Predefined CRS

() Use CRS of [1] 524 _MsI

{ o . — Output Settings

Preserve resolution

T o e 3 3|3 35

Qutput Parameters...

1/0 Parameters Reprojection Parameters

Coordinate Reference System {CRS)

tic System 1984

Projection Parameters. ..

B v zone-Par.. X |

Zone: 19 |one

Hemisphere: [Fiorth!

Cancel

Select...

110_T2...

[[] Add delta latflon bands

Output Information
Scene width: 5817 pixel
Scene height: 5491 pixel

Resampling method: | Nearest

Center longitude:  51°29'50™W
Center latitude: 22°1133"5
CRS: UTM Zone 1/ World Geodetic System 1984

Show WKT

Close

By creating a common processing graph using the GraphBuilderfunction,

we specify the processing sequence:
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BandMerge

‘ Read Hm:nmpleH Subset

To avoid having to repeat the preprocessing step separately on each image,
we create a batch process &% that gives the desired result in the common

processing:

e Resample - perform resampling to a common pixel size (20 m by the
band BTl is sufficient),
e Then we export only the Subset of 2 to 4 bands that enter the next

NDVI calculation.

ﬁ Batch Processing : myGraph_deforestationxml
— File Graphs
. 1/OParameters Resample Subset BandMaths BandMerge Write
File | Graphs
File Name Type Acquisition Track Orbit i
528 _MSIL2A_20191027T141051_N0...|S2_MSI_Level-24 | | |
Load Gra P h 52A_MSIL2A_20210926T 141051 _NO...|52_MSI_Level-2A | | |
o 526 _MSIL2A_20200715T 141043 _NO... [52_MST_Level-2A =
subset BandMaths Bar LA ND...[2 ST Leve ‘ | ‘ )
B 2ddProduct X =
Type Lok Zadarie_S_Deforestati v E
- ook in: adarie_§ Deforestation v & b
View Graph XML I | F 3
il MO... 52 MSI Level-2 . 524 MSIL2A_20191027T141051_N0213_R110_T20KPA_20191027T163011SAFE
:j S2A_MSIL2A_20210728T141051_N0301_R110_T20KPA_20210728T181336.SAFE
Napus‘:w P 524 MSIL2A_20210826T141051_N0301_R110_T20KPA_20210826T183713 SAFE @
S52B_MSIL2A_20200718T141048_N0214_R110_T20KPA_20200718T163929.SAFE
£ 52A_MSIL2A_20191027T141051_N0213_R110_T20KPA_20191027T163011 @
74} U 52_MSIL2A_20210728T141051_N0301_R110_T20KPA_20210728T181336
Pracovnaplo... | & S2A_MSIL2A_20210826T141051_N0301_R110_T20KPA_20210826T183713 z
£ S2B_MSIL2A_20200718T141045_N0214_R110_T20KPA_20200718T163329
i 3] Tutorials_Deforestation 52
= =
B Batch Processing : myGraph_deforestation.xml X
File Graphs

1/0 Parameters Resample Subset BandMaths BandMerge Write

Source Bands:

Copy Metadata

(@) Pixel Coordinates () Geographic Coordinates

Reference band: Bl

X 0 Y: 0
Width: 5490 height: 5430
Sub-sampling X: 1 Sub-sampling Y: 1
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2.3. NDVI calculation

In BandMath, we enter the calculation of the NDVI index according to the
equation:

(B8-B4)/(B8+B4)

Then we can combine the resulting bands into the resulting file.

Fie Graphs

[0 Parameters | Resarpie Subset Band¥aths | Sendverge Vinte
Target sand: NOvD

TargetSand Type: flaatsz

smdunt:

NoDataVaus: 0.0

-
I Avithmetic Bxpression Editor %
Dot saurces: Expresson
02 @-e (B8 - B4)/ [B8+ B4)
o
f @-2
5
|0 aea
awaity e ae
@
Corstanss . -
shom bons Operators
R Funcions... v
Cshon te-saint s -
shom sl fiags 283 R
Concal || e

R [ o= ] [

E Batch Processing : myGraph_deforestation.xml
File Graphs

/O Parameters Resample Subset BandMaths BandMerge  write

Source Bands: |B2::5ubset_S2A_MSIL2A_20191027T141051_N0213_R110_T20KPA_20191027T163011_resampled

B4::Subset_S2A_MSIL24_20191027T141051_N0213_R110_T20KPA_20191027T163011_resampled
B8::Subset_S2A_MSIL2A_20191027T141051_N0213_R110_T20KPA_20191027T163011_resampled
B11:Subset_S2A_MSIL2A_20191027T141051_N0213_R110_T20KPA_20191027T163011_resampled
quality_wvp _MSIL2A_20191027T141051_N0213_R110_T20KPA_20191027T163011_resampled
NDVL::Subset_S24_MSILZA_20191027T141051_N0213_R110_T20KPA_20191027T163011_resampled_BandMath

The common processing process can be monitored; we get the result

depending on the speed of the computer.

BB Batch Processing : myGraph_deforestation.xml
File Graphs

Processing 2 of 3 52A_MSIL2A_20210926T141051 NO301 R110_T20KPA_20210926T183713.5AFE

1O Parameters Resample Subset BandMaths BandMerge yrite
Source Bands:

[B2::Subset_S2A_MSIL2A_20210926T141051_N0301_R110_T20KPA_20210926T 183713 _resampled
B4::Subset_52A_MSIL2A_20210926T141051_N0301_R110_T20KPA_30210926T 183713 _resampled
B8::Subset_52A_MSIL2A_20210926T141051_NO301 R110_T20KPA_20210926T 183713 _resampled
B11::Subset_S24_MSIL2A_20210926T141051_NO301_R110_T20KPA_20210926T183713_resampled
lquality_wvp::SUbset_52A_MSIL2A_20210926T141051_ND301_R110_T20KPA_20210926T 183713 resampled
NDVL::Subset_S24_MSIL2A_20210926T141051 ND301_R110_T20KPA_20210326T183713 resampled_BandMath

E Batch Processing : myGraph_deforestation.xml
File Graphs

Processing completed in 3. 17 minutes

1/O Parameters Resample Subset BandMaths BandMerge | ywyrite
I

Computing raster data...

Cancel

Run remote Load Graph Close Help

Estimated 2. 17 minutes remaining
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NDVI image - have values from < -1, 1>, where forested areas are displayed

in values higher than 0. The two peaks of the histogram point to 2 extremes

- forested and logged area.

2.4. Classification

Image analyses - by adding sliders, changing the colour display and setting
the transparency, we can make the first visual analyses of the extracted
areas. By using grayscale thresholding, it is possible to create a forest/non-

forest image.
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In addition to grayscale thresholding, a supervised classification can be
used by specifying training regions where the operator defines which
polygons represent the forest regions. Based on the statistical data shown
in the table, we can create a mathematical condition ,,if NDVI > ,parameter*

and NDVI < parameter* then O else 1.

The value 1 shows the extracted areas.

E Mew Vector Data Container *

Mame: geometry_1

Description:

Cancel Help

E %
Statistics X |
NDVI_1 with ROI-mask geometry EH,
#Pixels total: |1027270 =
0.1336 6,000 0.9 [ Use ROT mask(s)#
0.8320 S,500 0.8 Filter: =
0.4510 @
0.0546 5,000 0.7 [Ageometry
04517 4,500 o
iation:|0.2446 4,000 '_9 0.6
16.7106 @ 7
% 3,500 € os
& 3,000 £
s g 0.4
2,000 Soz
1,500 02 Selectal [ Select none
1,000 .
01 istogram accuracy
500 -
o 0.0
01 02 03 04 05 06 07 08 09 0 10 20 30 40 S0 60 70 80 90 100 Histogram accuracy: | 3 %
Value Percentile (%) & @

Detail of statistical results defined by training areas:

Statistics X |

NDVI_1 with ROI-mask geometry

6,000

5,500

Sigma: 0.0546 5,000

Median: 0.4517 4,500

Coef Variation: |0.2446 4,000

ENL: 16.7106 2 3,500
P75 threshold: |0.4861 x

P&O threshold: [0.4543 g 3,000

P&5 threshold: [0.5040 2,500

P30 threshold: |0.5168 2,000

Max error: 7.4847E-4 1,500

1,000

500

0

01 02 02 04 05 06 07 02 09
Value
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2.5. Postprocessing

The resulting masks are exported to GIS software (for instance gGIS) in

GeoT/FFformat as the full scene at the full resolution.

E SMAP - Export Image

Image Region

() View region

Savein: Zadanie_5_Deforestation h s E-
o S2A_MSIL2A_20191027T141051_NO0213_R110_T20KPA_20191027T163011
= S2A_MSIL2A_20210728T141051_N0301_R110_T20KPA_20210728T181336)
Naposledy p... S2A_MSIL2A_20210926T141051_N0301_R110_T20KPA_20210926T183713

52B_MSIL24_20200718T141049_N0214_R110_T20KPA_20200718T163928
;‘ Subset_S2A_MSIL2A_20210926T141051_N0301_R110_T20KPA_20210926

(®) Full scene

long term release

Image Resolution

View resolution

Pracovna plo...

Fjé

(®) Full resolution

->

QGIS 310

() User resolution

Dokumenty i 2
~
File name: 1_ND301_R110_T20KPA_20210926T183713_resampled_NDVLtif A Coruna
Tento D;Eﬂai Files of type: | GegTIFF - TIFF with geo-location (% tif, = tiff) ~ Cancel

PNG - Portable Network Graphi
GeoTIFF - TIFF with gecHocation (
JPEG - Joint Photographic Experts

FF - Tagged Image File Format (° A
[BMP - Microsoft Windows Bitmap (*.bmp)

The subsequent processing in qGIS consist in applying different colours for

layers of individual years:

Newly deforested areas:

2019

R
Esf=se 2020
& 2021

LN

i
i

L 3

We can do additional analysis using the spectral curves. In Spectrum View,

we can display spectral curves of multiple vegetation pins.

In Spectrum View, bands B4 and B8 are shown in the box, which depict the

reflectance at given wavelengths.
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Spectrum View X

Spectrum View

0.275
0.250
0.225
0.200
0.175
= 0.150
0.125
0.100

Tk
0,075 =3
0.050 M’ 2
0.025
0.000

x = 2183298
y=0.160

B> 7«

400 500 600 700 800 900 1000 1,100 1,200 1,300 1400 1,500 1,600 1,700 1,800 1,900 2,000 2,100 2,200
Wavelength (nm)

—F— Pin 1_Bands measured in dl —f— Pin 2_Bands measured in dl —{—— Pin 3_Bands measured in dl —— Pin 4_Bands measured in dl ——— Pin 5_Bands measured in dl
—FH—— Pin 9_Bands measured in d| @

Opening the Scatter Plotin the Analysestab displays a dependency plot of
the common display of the B4 and B8 bands. By plotting the region dl € <
0.1, 0.5 > according to the spectral curves, we obtain the colour selection of

the vegetation pixels using the Scatter Plot.
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Analysis Layer Vector Raster !

Properties...
1 1# Correlative Plot ' Copy
] [A  scatter Plot Save as...
Tl Profile Plot - Print...
1@ Information . # Zoom In >
i 51
1 #*  Geo-Coding Zoom Out s
4 l&] Histogram Auto Range 3
o E Statistics v Select Mask 'scatter_plot_area’
E Iﬂ Metadata Plot Delete Mask 'scatter_plot_area
d
Copy Data to Clipbeard
B X
Scatter Plot X
P
Scatter Plot ] | »
14 Use ROI mask:
12 detector_footprint-B02-01 - g‘;
1.2 X-Axis
1.1 Auto minmas
1.0 Min: (0,01
0.9 Max: 1,44
S52A_MSIL2A...
=08 [Z]52A T v
- B4 ~
2 0.7 V-Axis
0.6 Auto min/max
Min: |0.02
Max: [1.42
[2]52A_MSIL2A... .
B8 ~
[ tnvert plot colors
01 )02 02 04 05 06 07 08B 09 10 11 12 132 14
B4ind O &8 )
F S e - I
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By creating a plot and selecting an area, a new mask called Scatter_plotis

created in the Mask manager. We can change the colour of the vegetation

by setting the display colour to green.

[ |pins Geometry - 0. SlMask derived from geometries

1 lgeometry i s

% s || v

i Mone 2 @
X —Y - | EERNCOCO@E - Zdom — Level —

ERCOCOmO

l Green (0,255,0) .

Finally, the vegetation can be displayed using the created NDVI mask by
applying the meris_veg_index colour scale in the Colour

manipulation/Basic tab.
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Mavigation - [3] ...

Colour Mani... X | Uncertainty Vis... | World View | -

Editor: (@) Basic () Sliders () Table @ @1
E)

Colour ramp: &

derived from mers_weg_index

e
mesis_algal A
meris_casel

THANK YOU FOR FOLLOWING THE EXERCISE!
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