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Module 4

The Application of Earth Observation: Wetland & Floating
Vegetation Changes with the example of Assessments via
PONTOS platform

Please contact imanakos@iti.gr / lefkats@iti.gr for more information T Enene
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Responsible Partner: Center for Research and Technology Hellas (CERTH)
Supporting Partner: Odessa National I.1. Mechnikov University (ONU)

Slides and Scripts prepared by: MSc Eleftherios Katsikis, Dr. loannis Manakos
Contact Information: lefkats@iti.gr , imanakos@iti.gr

This module is developed in the framework of the BSB 889 PONTOS Project
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Please contact imanakos@iti.gr / lefkats@iti.gr for more information A eSS
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LEARNING OBJECTIVES OF MODULE 1

Familiarize with the QGIS software

Download and preprocess Sentinel-2 images

Understanding the Watermaks and Hydroperiod workflow

Familiriaze with the PONTOS Web Application for the Watermask and Hydroperiod generation

J3y CeRTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information Nl T
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MODULE STRUCTURE

Background knowledge:
1. Introduction
2. Images download via Copernicus access hub
3. Add layers to QGIS and preprocessing
4. Watermask map generation
5. Hydroperiod map generation from series of Watermasks

Watermask and Hydroperiod generation via PONTOS Web Application:
1. Register and login
2. Dataset Viewer
3. Watermask map generation, visualization and output download
4. Hydroperiod map generation, visualization and output download

Oy

Please contact imanakos@iti.gr / lefkats@iti.gr for more information M e T
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Background knowledge

(QGIS implementation)

#i55y CERTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information Nl - T
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Introduction

The Watermask module generates a classified map that seperates the area in four
different classes:

« Land

* Open water

 Emergent vegetation

» Floating vegetation

The Hydroperiod module generates a hydroperiod map from series of water masks, falling
within the time period between the starting and the ending date of hydroperiod, by
applying the following interpolation approach. For two dates separated by n days, the
occurrence of water is compared. If a pixel is inundated on both dates, then it is assumed
inundated for n-days. If a pixel is not inundated on both dates, then it is assumed
inundated for n/2 days. The total number of days of inundation per pixel in the
Hydroperiod map is determined by accumulating the water masks throughout the desired
time period. AT CERTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A7 Kl
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Sentinel-2 images download

Steps:

1.  Sentinel-2 images can be downloaded
from the link:
https://scihub.copernicus.eu/dhus/#
/home

2.  Denoting the area of interest

3.  Define the criteria for downloading
data (Sensing Period, Cloud
Coverage, etc.)

2

:\.‘ s

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Add raster layer:
Layer -> Add Layer -> Add Raster Layer

@ Untitled Project — QGIS

Project Edit View igmnqi Plugins Vector Raster Database Web

m B Fal ‘ Data Source Manager Ctriel
EQ

L R

% Embed Layers and Groups...

Layers Add from Layer Definition File..,
«BRY v

& Remove Layer/Group Ciri+D

Create Layer ’

PWONTOS
\ Y

Common borders. Common solutions.

Add layers

@ Untitled Project — QGIS
Mesh Progessing Help
o 6 !_. BO [ ¥R Data Source Manager
Create Layer

#* T &=~ ODeBdE
BV A4

& Embed Layers and Groups.

Add Layer

m Add Mesh Layer.. Layers

9. Add Delimited Text Layer... Ctrd+Shift«T YERY L7 a
B, Add RostGIS Layers... Ctri+Shift+D Paste Siyle
/£, Add Spatialite Layer.. CrlaShiftsl
’, Add MSSGL Spatial Layer

&, Add DB2 Spatial Layer...

@, Ada Oracle Spaval Layer..

8 Add/Edit Virtual Layer...

B Ads WMS/WNTS Layer..

Add XYZ Layer.

& Add ArcGIS Map Service Layer...
@R Add WCS Layer..

i Add WFS Layer

W Add AreGIS Feature Service Layer 3 v
B, Add Vector Tile Layer... ot FRS it

Add from Layer Definition File

Ctrl+Shift+2
Cui+Shift+O

Curl+ShifteW

Please contact imanakos@iti.gr / lefkats@iti.gr for more information

Crriel

Ctrl=D

Add shape file:
Layer -> Add Layer -> Add Vector Layer

Project - Edit View Settings Plugins Vectgr Raster Database Web Mesh Progessing Help

« Add Vector Layer

!, Add Raster Layer.

B Add Mesh Layer.

9. Add Delimited Text Layer
W, Add PostGIS Layers...

/2 Add Spatialite Layer.

B Acd MSSQL Spatiai Layer
8, Add DB2 Spatial Layer...
@, Add Oracle Spatial Layer..
& Add/Edit Virtual Layer...
B Add WMS/WMTS Layer...

@0 Add ArcGIS Map Service Layer..
@ Add WS Layer...

Vi Add WFS Layer,

&) Add ArcGIS Feature Service Layer..
ﬁ) Add Vector Tile Layer..

Black yea
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Ciri+ShifteV
CtrisShifteR
Ctri+ShiftsT
Ctri+Shift<D

Ctri+Shift=L

Ctri+Shift+2
Curi+Shift-0

Ctrl+Shift-W
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1.
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Crop a raster to the boundaries of the shapefile

@ Untitied Project — QGIS

Project Edit View Layer Settings. Plugins Vector Database Web Mesh Processing Help

BRRE OS50 %1 Raster Calculator LD * 3
= Align Rasters
\! 6’ V. /, - \—p 15 Georeferencer TS
Y Analysss

Browser R Projections ’

Y %O Miscellaneous ’
Favorites - ™ Clip Raster by Extent |

Layer panel -> Raster -> b spatil Bookmars

|
Conversion ’ u Clip Raster by Mask Layer...
&) Home v el

Extraction -> Clip Raster by . ° &

@ Contour,.. |5

o GeoPackage = O Tor 3 SOUET Upgrade (o e o

4 We thank you for your patience whist |

MaSk Layer /£ Spatialite undertaken krgely by vounteers and tf
@ rostais memberships. If you woukd ike to help ¢

Fill the form as below:

» insert path to input layer (pick one of the “.jp2”)

* insert path of the mask layer (select the .shp file)

» check box “No data value” and set value to -1

* check “Match the extent of the clipped raster to the extent of
the mask layer” and “keep resolution of input layer”

* insert path to Clipped (mask) to save the output

Please contact imanakos@iti.gr / lefkats@iti.gr for more information

(1)

G Clip Raster by Mask Layer

Parameters | Lag
Fout ayer

Mask Syer

Source TRS {optionat]

Tarpat GRS {optional]

Assign 2 specified nodata vobue b output Sands [cptionsl)

-1.005000

Craste o outpct sipha dard

V' M the xtent of th dippad raster to the extent of the mask e

V' Keep resoltion ef ifput raster
Sat ouput il rosohtion

X Resoleun 10 output bands {opvonal]

Mot gt

¥ Resouion % 0uout sands [epueadi)

ot set

¥ Advanced Parameters

Ciped (mask)

v Open output fde ofier running sigorthen

Ren ns Batch Frocess.

Black yea

CROSS BORDER
COOPERATION




PONTOS T
Project funded by ’

EUROPEAN UNION : 4

Common borders. Common solutions.
Crop a raster to the boundaries of the shapefile (2)

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Sentinel-2 bands

Sentinel-2 Bands Central Wavelength (um) Resolution (m) Bandwidth (nm)
Band 1 - Coastal aerosol 0.443 ‘ 60 20
Band 2 - Blue 0.490 10 65
Band 3 - Green 0.560 10 35
|Band 4 - Red 0.665 10 30 |
I Band 5 - Vegetation Red Edge | 0.705 20 15 ———
Band 6 — Vegetation Red Edge | 0.740 20 15
Band 7 — Vegetation Red Edge | 0.783 20 20 Required bands for the
[Band 8 — NIR 0.842 10 115 > Watermask and Hydroperiod
Band 8A — Narrow NIR 0.865 20 20 generation
Band 9 — Water vapour 0.945 ‘ 60 20
Band 10 — SWIR — Cirrus 1.375 60 20
IBand 11 - SWIR 1610 20 90
Band 12 - SWIR 2190 20 180

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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NDVI index generation

QQ Raster Calculator %
Raster Bands Result Layer
Clipped_B04@1 Output layer NOVI

Clipped_B08@1
RARO BN Output format GeOTIFF -

NIR — Red

N D VI = ———------ Selected Layer Extent
NIR + Red Xmin | 720590.00000

S| Xmax 773250.00000
Y min 5103040.00000 S+ Ymax 5190710.00000

o9 o

Columns 5266 Rows 8767
Output CRS EPSG:32635 - WGS 84 / UTM ~ | 43
StepSZ vV Add result to projact
» Layer panel -> Raster -> Raster Calculator Z Oporstees
+ sqrt €05 sin tan fog10 (
. 2 / o~ acos asin atan In )
» Raster Calculator Expression: - x - A o
("Clipped_B08@1"-"Clipped_B04@1" )/ ( "Clipped_B08@1" +"Clipped_B04@1") s mn max
Raster Calculator Expression
-~ Output Layer’ “NDVI,, ( "Clipped B08@1" - "Clipped B04@1" ) / ( "Clipped BOS@1" + “"Clipped B0481" )|
Expression valid
oK Cancel Help

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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NDVI index

NDVI (Normalized Difference Vegetation Index): The Normalized
Difference Vegetation Index (NDVI) measures the greenness and the
density of the vegetation captured in a satellite image. Healthy
vegetation has a very characteristic spectral reflectance curve which we
can benefit from by calculating the difference between two bands —
visible red and near-infrared. NDVI is that difference expressed as a
number — ranging from -1 to 1.

*https://eos.com/make-an-analysis/ndvi/

A CERTH

| g CENmREFOR

\ YW RESEARCH & TECHNOLOGY
\ < HELLAS

Please contact imanakos@iti.gr / lefkats@iti.gr for more information ~


https://eos.com/make-an-analysis/ndvi/
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Open Water Detection
SWIR histogram

SWIR histogram visualization o Raster Histogram
11

Steps: Layers -> Panel -> Right click to the 11
B11 band -> Properties -> Histogram -> —
Compute Histogram ]

530001
The first threshold that identifies the open ?r, 1
water is detected to the first deep valley 28y
of the SWIR band’s histogram. In this case ]
the threshold is 800. 1000 ﬂ ;

0: T T T T T T T T
2000 4000 600D 8000 10000 12000 14000
Pixel Value
A& CERTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A Enst
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Open Water mask generation

1 Raster Calculator %
Racter Bandc Resuit Layar
Output wter_threshaid
Steps: i
.

» Layer panel -> Raster -> Raster

Calculator e e
» Raster Calculator Expression: V i
"Clipped_B11@1* < 800 — _
» Output Layer: “water_threshold” :

Please contact imanakos@iti.gr / lefkats@iti.gr for more information W Sl i
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The SWIR value of the pixels is
higher in areas where water is
covered by emergent vegetation
compared to the SWIR values of the
pixels having water or water with
sparse vegetation.

The emergent vegetation is
detected to the pixels which are
between the first and the second
deep valley in the SWIR histogram
and after the first deep valley after

the value 0.3 in the NDVI histogram.

Please contact imanakos@iti.gr / lefkats@iti.gr for more information

4000

Frequency

PONTOS
Common borders. Common solutions.
Emergent Vegetation Detection

SWIR histogram

Raster Histogram

crosspoORDER [
N

COOPERATI ©

NDVI histogram

Raster Histogram
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Emergent Vegetation mask generation

Steps: = .
* Layer panel -> Raster -> Raster Calculator :
* Raster Calculator Expression: G e m s
“Clipped_B11@1” >= 800 AND T rdiss
“Clipped_B11@1” <= 2100 AND Vet

“NDVi@1” > 0.75 = - :

* Output Layer: “emergent_vegetation” —

Please contact imanakos@iti.gr / lefkats@iti.gr for more information



Blackyea
PONTOS ol

Common borders. Common solutions.

Floating vegetation detection

The floating vegetation is detected to the pixels, which are not detected as
open water or emergent vegetation and are meeting specific criteria, which
are to be announced soon after the methodology is accepted and approved by
peer reviewed online publishing process

Note 1: The methodology is currently experimental and has not been
announced yet

Note 2: The workflow (including floating vegetation determination) has been
tested on the Dniester River Delta area (an Ukrainian pilot site within the
PONTOS project). The generated results presented below have been derived
for the Dniester River Delta area (Ukraine).

Aoy CERTH
Please contact imanakos@iti.gr / lefkats@iti.gr for more information N il i
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Classified images

Floating vegetation
(if existing)

Open water Emergent vegetation

A& CERTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A7 il
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Final Watermask map generation

The final Watermask comprising the 3 st
categories (open water, emergent vegetation, i
floating vegetation). To generate the final
Watermask, add the 3 classified images via the
Raster Calculator.

floating vegetation ® |

water_thresheld @1

StepS: V| 2dd resiittc project

- Layer panel -> Raster -> Raster Calculator ~ >

» Raster Calculator Expression: , - g
“water_threshold@1” = 1 OR e
“emergent_vegetation” = 1 OR
“floating_vegetation” = 1

* Output Layer: “final_watermask” -

Please contact imanakos@iti.gr / lefkats@iti.gr for more information W Sl i
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Watermask series

01-07-2020 11-07-2020

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A7 Hels
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First Hydroperiod map

For the Watermasks between 01/07/2020 and 11/07/2020 the
difference is 10 days. If a pixel is inundated on both dates, then it
is assumed that it is inundated for 10 days. If a pixel is inundated
on one date, then it is assumed that it is inundated for 10/2 days.

Raster Bands Result Layer

Selaciad Layer Extant

Xmin | IRY0000 - Xmee | 77299000000

If a pixel is not inundated on any dates, then it is assumed that it s T B 12
is inundated for O days. S .
Steps: S

* Layer panel -> Raster -> Raster Calculator - . - - -

« Raster Calculator Expression: e }

(“2020_07_01@1” = 1 AND “2020_07_01@1” = 1)*10 +
(“2020_07_01@1” = 1 AND “2020_07_01@1” = 0)*10/2 +
(“2020_07_01@1” = 0 AND “2020_07_01@1” = 1)*10/2

* Output Layer: “Hydroperiod_1" ‘ o [ cwa || v

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A7 DS
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Second Hydroperiod map

For the Watermasks between 11/07/2020 and 05/08/2020 the
difference is 25 days. If a pixel is inundated on both dates, then it
is assumed that it is inundated for 25 days. If a pixel is inundated i
on one date, then it is assumed that it is inundated for 25/2 days. = :
If a pixel is not inundated on any dates, then it is assumed that it R o o2
is inundated for O days. o :

Steps: o

* Layer panel -> Raster -> Raster Calculator : . - = =
* Raster Calculator Expression:

(“2020_07_11@1” = 1 AND “2020_08_05@1” = 1)*25 +
(“2020_07_11@1” = 1 AND “2020_08_05@1” = 0)*25/2 +
(“2020_07_11@1” = 0 AND “2020_08_05@1” = 1)*25/2

* Output Layer: “Hydroperiod_2" - E

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A7 DS
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Final Hydroperiod map generation

Ractar Bands Rocult Layer

The final Hydroperiod comprising the Hydroperiod_1
and the Hydroperiod_2. To generate the final
Hydroperiod, add the 2 generated Hydroperiods via the

Ot ‘mpur Hydropmried

Output format GaoTIFF -

Selected Layer Baent

Raster Calculator. e = mems 12
Quiput CRS EPSG:I6IS - WGS B4 [ UTW zome 35K
StepS: V| Add rssult to projct
» Layer panel -> Raster -> Raster Calculator =
» Raster Calculator Expression: : ~ - - = o
“Hydroperiod_1”" + “Hydroperiod_2@1” S T
* Output Layer: “Hydroperiod”

Please contact imanakos@iti.gr / lefkats@iti.gr for more information Vg
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Final Hydroperiod map

Hydroperiod 2

Final Hydroperiod

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A7 el
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Watermask and Hydroperiod

generation via PONTOS Web
Application

A5y CERTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information Nl - T
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Create account and login

PONTOS Web Application: http://195.250.69.26:7000/

Steps:
* Navigation bar -> Log In

* Log In form -> Sign Up

« Fill the register form with username, email and BESISTER ACCOUNE
password. Press Register. By verome. |
1=l Email
» Fill the login form with username and password. » T

PreSS Login . y Re-enter Password...

.( ~
A cerT
|y B o
Vel

Please contact imanakos@iti.gr / lefkats@iti.gr for more information .
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Dataset Viewer

The menu item ‘Dataset Viewer’ informs the users PONTOS Web Application Sercos - TaskManager -  SubmilFoadback & Loggedinas: ol ® Logout
about the dates with available satellite data in
the Web Application’s database. The Web
Application’s database includes all available
Level-2 data from the satellites Landsat 5,
Landsat 8 and Sentinel-2 for the period 1984 to
2021, which are cloud and ice free in order to
avoid noisy outputs by the application of the
‘Tools’. The available data are already clipped in
the extent of the PONTOS pilots (Armenia - Sevan
Lake and Sevan Lake Basin, Georgia - Kolkheti o 202008.
Lowlands and Black Sea coastline, Greece - Nestos Dt ittt rangs 03.07-1904 and 1-12:2011ar s with Landiat 5 T (T Mogger)

UA - Dniestet River
Delta area & adjacent

GE - Rioni River Delta
& Kolkheti National

GR - Nestos River &
Park River Delta

2020-12-30

R] ver a nd R] ver De [ta ; U kra] ne - D n ]este r R] ver ::;::xr-[:x:;m;:‘m)mmmw and #1-12-2018 are acquirad with Landsat 8 OLI (Opsrational Land Imagar] { TIRS

Data within the date range 01-01-2017 and 29-06-2021 are acquired with Sentinel-2 MSI (Multispectral Instrument)

Delta area and adjacent estuary).

A CERTH

Please contact imanakos@iti.gr / lefkats@iti.gr for more information T Enene
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Watermask generation (1)

PONTOS Web Application

o
forbema Liats N
Prenckgy Wi

Hyercpetiod
EODESM

PONTOS Web Application " S - e S Pl [ TR P Y e

Select pilot area I:> J

Kalkheti Natonat Park

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Watermask generation (2)

PONTOS Web Application Home Dataset Viewer Services -  TaskManager »  Submit Feedback & Logged in as: lefkats @ Logout

Watermask Calculation {

Sanopixon

ol +

Country: Ukraine

Area: Dniester River Delta area &
adjacent estuary

Mitkdnais Menitorne

—————> Select date: [[/05/2020 (3> 1 v (N RS AR e Yepeoi 72

Please selec August2020~ ™ & ) Oxecy
Dataset View Su Mo Tu We Th Fr oS3 AL 1
from the mel {4

here a date). T . Toducs Shos

Bragow S
Galati

[ Select date. The selected date )
should be included in the Dataset
L Viewer. y
“ Click the “Submit” button to start’
the task running. The task may needs
| some hours to be completed o

w4 £ 3 " / { Coavgeponons

Bucrests

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Watermask Task Manager

PONTOS Web Application Home  Dataset Viewer  Senices « Task Manager = Submil Fredback & Logged in as lefliats 6% Logout

The Task Manager contains the outputs

of all the previous user’s submitted

tasks.

Steps:

» Navigation bar -> Task Manager ->
Watermaks

» Select “Details” on the submitted
task

e Sea Basn 2144 - 2000 Lncer Geand Agroome S38 BIE

3100 wll b L4aA 17 36y ATAT FURYGES | 3am e

i CERTHAT

PONTOS Web Application Home DatasetViewer Services -  Task Manager +  Submit Feedback & Logged in as: lefkats  ® Logout

Pilot Area Date

Ukraing 2020-07-21 | Desais

& TECHNOLOGY

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Watermask task details

PONTOS Web Application Home  Datase! Viewer Services -  TaskManager -  Submit Feedback & Logged in as: lefkats G Logout

Watermask

Country: Ukraine

Visualization legends

Y

Area: Dniester River Delta area & adjacent
estuary

|_Date: 2020-08-05

_Legends:
I Floating Vegetation

Download Watermask as GeoTIFF or
the visualization as png

Y

B Emergent Vegetation
£ Open Water
I Land

J Download the Watermask as GeoTIFF

Download the Watermask as png

!-.\'!:\\- CERTH
\ PRy RESEARCH & TECHNGLOGY
HELLAS

Please contact imanakos@iti.gr / lefkats@iti.gr for more information A
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Hydroperiod generation (1)

<:I Navbar -> Existing data -> Hydroperiod

e Blackyea

PONTOS Web Application 7 o« Bueaie v v Butnd Ptk B Lo b lbate 6 Legal

Select pilot area

GE -Rioni River Deita & UA - Dniestar Rvar Dalta

Kokheti National Park aren & adjacent eshuary

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Hydroperiod generation (2)

PONTOS Web Application Home  DatasetViewer Services +  Task Manager -  Submit Feedback & Loggedin as: lefkats % Logout

Hydroperiod Calculation { *] iy ) ) Kpnit i Shnopheas
Country: Ukraine S e b X otel 7
Select start and end date. The Area: Dniester River Delta area & s i n;w oot
. . ! adjacent estuary tieam| Roman Woldols 2 L
PONTOS Web  Application  will ot date: TR — b e g e ¥ B
generate the Hydroperiod for all the , bl SIL N\ T e, My
. A ——— End date: 08/10/2020 B i ‘ Oatiz
available dates (see Dataset Viewer) AN e By ‘
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Hydroperiod Task Manager

PONTOS Web Application Home  DatesetViewsr Sericss -  TaskManager -  Submit Feedback & Logged m as: efkats @ Logout

The Task Manager contains the outputs

of all the previous user’s submitted
tasks.

Steps:

» Navigation bar -> Task Manager ->
Hydroperiod

+ Select “Details” on the submitted
task

PONTOS propect hos tecere luring o tre £ G

e Busn 201 - 202 gteerrent DS 493

Sccardng 13 the GOPR aas no persond o

il be usee fer sy cite

£ 2021 apyiigne: CERTHI T

PONTOS Web Application Home  Dataset Viewer

Services ~ Task Manager ~ Submit Feedback = Logged in as: lefkats @ Logout

Pilot Area Time Period

Ukraine 2020-07-01_2020-08-05 Details |

Please contact imanakos@iti.gr / lefkats@iti.gr for more information
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Hydroperiod task details

PONTOS Web Application Dataset Viewer ~ Services ~  Task Manager - Submit Feedback & Logged in as: lefkats G Logout

Hydroperiod

Country: Ukraine

Task Metadata

Y

Area: Dniester River Delta area & adjacent

estuary

Period: 2020-07-01_2020-08-05

Visualization legends E.egends:
Water In the full periad e Land in the fuil pertod]
DOWI‘] load Watermask as GeOTIFF or \‘_Downlcad the Hydroperiod as GeoTIFF
the V'isual'izat‘ion as png _Down]oad the Hydroperiod as png

~, CERTH

P
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