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ACRONYMS

AOQIQ area of interest

ASL9 above sea level

CCI2561 MAP EO8 Candidate Common |Indicator 25 oLand

CGLSLC1008 Copernicus Global Land Services: Land Cover 100 m

CRS0 coordinate reference system

DEMBO digital elevation model

EO861 MAP Ecol ogi cal Objective 8 0Coast al ecosyste

EPSG3 European Petroleum Survey Group

ETRS89/LAEA European Terrestrial Reference System 1989 / Lambert Azimuthal Equal Area

EU® European Union

FABDEM Forestand Buildings removed Copernicus DEM

FOSS free and open source

GDALS Geospatial Data Abstraction Library

GeoJSON geospatial data interchange format based on JavaScript Object Notation (JSON)

GeoTIFB Geographic Tagged Image File Format

GISd geographic information system

GPKG3 GeoPackage

IBATO Integrated Biodiversity Assessment Tool

IMAPS Integrated Monitoring and Assessment Programme of the Mediterranean Sea and Coast
and Related Assessment Criteria

IUCNBG International Union on Conservation of Nature

LC/LUG land cover/land use

LEZ0 low elevation zone

NSAdS United States National Security Agency

OSM®b OpenStreetMap

TIF/TIFF® Tagged Image File Format

UNEPS UN Environment Programme

WDPAS World Database on Protected Areas

WGS8406 World Geodetic System 1984

WKTd wellknown text
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1 INTRODUCTION

This manual provides stefby-step instructions on how to carry out IMABO8Candidate Common
I ndi cator 25 0L &®R9 cakcuatioa usingfieeaandyoped so(rée (FOSS) software
and data.

IMAP stands for thedntegrated Monitoring and Assessment Programme of the Mediterranean Sea

and Coast and Related Assessment Criteridnat was adopted at the 1% Ordinary Meeting

(February 2016) of the Contracting Partie@1 Mediterranean country and the European Unioiy)

the Barcelona Conventiof short for o0Convention for the Protec
the Coast al Re gi o n withfthe &irh t® quisirgitdtively end integratively asdess

the status of the Mediterranean sea and @ast [1]. IMAP common indicators are the backbone of

the Barcelona Conventionwhich definesthemas[2]: o6i ndi cat or t hat summari z
standardized, and communicable figure and is ideally applicable in the whole Mediterranean basin,

or atleastonthe levelofsub egi ons, and i s monit orCarcentypthereal | Co |
are 24 common indicators and 4 candidate common indicators that are developed. IMAP
(candidate) common indicators are linked to one of 11 Ecological Objectives (EO). Candidate
common indicators still have some issues that have to be resell, and one of them isthe
Candidate Common I|Indicator 25 0O0Land co-Ceastalchange
ecosystems and landscapes. The main aim of the EO8, and consequently of the CCI25, is
monitoring human activities onlbhasealingthecoastavthstieng 0 c o
i mpl ementation of <coast al structures and theref:q

2].

Main steps in CCI25 calculatiorwhich are also chapters of this manual are:

1. preparing software (GIS and spreadsheet application)

2. acquiring all data that are necessary for CCI25 calculation

3. preprocessing acquired data

4. calculating indicator parametersand representing calculation outputs

For each category of input data that are needed for CCI25 calculation, specific data sources were
used in manual to illustrate processing workflow. Of course, it is possible to use other data sources
and it is possible they will require some variations workflow. However, manual should provide
general instructions for some challenging steps, such as reclassifying initial land cover/land use
(LG LU) classes to those required by CCI25 or instructions on how to determine resolution during
raster clipping. Tle processing steps should not be performed completely rigorously in line with the
manual but they can be adapted if needed, as long as they do not have impact on the final
calculation results. For example, suggested file names in the manual are based oa thput data
that are used in manual, but if other input data are used, file names should reflect that.
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2 REQUIRED SFTWARERND BASIC CONCEPTS

Software applications that are required fothe CCI25calculation include applications that are
suitable for managing spatial data, and applications that aesigned for working with tabular data
0 spreadsheetapplications.

2.1 GIS application

Dealing with spatial datdi.e., data that have a locationyequiresa specializedapplicationfrom the

geographic information system (GIS) software domai@ne of the most widely usettee and open

source (FOSSEISapplicationsis QGIF3]. Its extensive documentation, supportivand largeuser

community, and ability to extend its basic features with mafOSSplugins are the reasors for its
popularityand why we have decided to use for CCl25calculation. QGIS can be downloaded from
https://www.qggis.org/en/site/forusers/download.html. It is available for Windows, macOS, and

Linux operating systemsin this manual, weh ave been using QGI S version 3
is currently the latest longerm releaseversion. AlthoughCCI2% calculation can be done in other

QGIS versions, we suggest using this one to avoid problems with differences in user interface and

algorithm names.

Figurel: QGIS log¢2]

2.1.1 Preparing the QGIS interface and definingbasic settings

After opening QGIS, we can immediately sagenew blank QGIS project by going teroject’
SaveA s and defining the name and location where the QGIS project fifidg( with QGZ extension)

will be saved.All algorithmsthat are available in QGIS cannot be accessed from menus in tiog
menu bar, but rather through the®rocessing Toolbopanel (highlightedin Figure2). TheProcessing
Toolboxpanel can bemade visible by clicking onthe Pr o c e s s i n g (Figure2)olbtheb o x

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh .
= B [ o7 @ @ @ p 4 Toolbox Cri+Ak+T o.- O »i R
D Q ma ol el e *#2 Graphical Modeler... Crri+AE+G @ v @3 {J‘a’} ) =
istory.. Curl+Ak+H Gabg (abe] @
RQV.ZwE D fstory. o =
= Resuks Viewer Crl+AR+R
Browser (=] Edt Feat Inpt Processing Toobox @ &
dit Features In-Place
V. Gev?e 2025 3
'D Favorttes = Search
W ;panal Bookmarks » (0 Recently used
v gl
gz’} ' [ co\m(s\fmdows-SSD) . g?ﬁf il
Dc » @ Database
,u - G:\ (Googie Drive) » Q@ Fie took
* GeoPackage » @ GPS
ﬁs # Spatalite » @ Interpolation
@ PostGIS » @ Layer took
m i SAP HANA » @ Mesh
‘ : ESSdCiL » @ Network analysis
- ra 2
) » @ Plots
v @B WMS/WMTS » @ Raster analysis
€8 | B veaor Ties » @ Raster creation
4 :i: XYZ Tiles » Q) Raster terrain analysis
&  sus - + Q@ Raster tooks
Layers a= » @ Vector analysis
@ o il ® ? 1 1 q » @ Vector creation
L =5 Ug * @ Vector general
@ hé » @ Vector geometry
» @ Vector overlay
» @ Vector selection
» @ Vector table
» @ Vector tles
* @ GDAL
* @ GRASS
» % Models
» & SAGA
L Type to locate (Ctr+K 1 legend entries removed. Coordnate -1,434 0,949 % Scale|1:1367844 -~ @@ Magnffier 100% | Rotation 0,0 ° < v/Render ®EPSG:4326 @

Figure2: QGIS graphical user interface (Processing Toolbox panel is highlighted)
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https://www.qgis.org/en/site/forusers/download.html

Processingmenu is not available in the QGIS menu bar, the Processing plugin needs to be
activated: open thePluginsdialog window by goingt® | ugi ns Manage ,aliokd i nst e
on the Installed tab on the left side of the window, and check the box next to tirocessingitem

(Figure3). Also check if the box is ticked next tthe GRASS GIS providptugin and if it is not, tick

it.

(@ Plugins | Installed 27) b4
P Al Q Search...

i Installed

3 Not installed . at . PI’OCESSing %

“ This is a core plugin, so you can't uninstall it

74 Upgradeable L g - : -t Spatial data processing framework for QGIS

- i - .
L Spatial data processing framework for QGIS
& Invald P P 9

«% Instal from

Catego Analysis
Fat) a0y Anal

More info homepage bug tracker code repository
*‘ Settings Author Victor Olaya
el Installed version 2.12.99

- Upgrade Al Uninstall Plugin Reinstall Plugin

Zatvori Pomoc

Figure3: Activating Processingplugin

To activate (or deactivate) a QGIS toolbar or a panel, you should goitav’ ToolbarsorVi e w
Panels and then tick (or untick) ones that are required (or not required). To install, uninstall,

activate, or deactivate plugins,got® | ugi ns Ma n a g e Ehepluginthasshould |  pl ug
be installed is sébhpl o®QunckMapiSklsald tbdPlugirtsdialoghi | e i
wi ndow, enter OQuickMapServiced in theplsgmarch b
from the list and click thelnstall Pluginbutton (Figure4d) . Repeat t he same proced
Tool so6 plugin. The Shape Tools plugin enabl es

ellipsoid and is developed by the United States National Security Agency (NSA).

@ Plugins | All (308) x

E:m L QuickMapServices a
MapTier - . -c

L BT QuickMapServices ©

2% Not instaled Easy to add basemaps

3 Upgradeable Easy to use st of services and search for finding datasets and
" basemaps. Please contribute new services via
& Invalid http://qms.nextgis.com! Developed by NextGIS.

«p Instal from 898 rating vote(s), 3728563 downloads

i)

Settings
ﬁ g Upgrade Al Install Plugin

Zatvori Pomoc

Figured:l nst al l ing the 0Qui ck

QuickMapService plugin enables loading many basemaps in the current QGIS project. After installing it,

it is possible to load new basemaps by goingtwe b ' Qu i c k MrdEHdesing/onecottke

basemaps that are grouped by its producergzigure 5 shows how to add OpenStreetMap (OSM)

Standard map to the QGIS project (highlighted with red rectangles). It is possible to load multiple
basemaps in the QGIS project. After clicking on one of the basemaps, that basemap is being loaded

into the QGIS projeacand listed in the Layerspanel Figure6). Only some basemaps are listed under

Web Qu i c k Maaditdssearch all available basemaps, click ove b Qui ckMapSeryv
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Search QMSand in the newSearch QMSanel that opens, search by entering keywords in the
search bar Figure5, blue rectangle$, or by filtering basemaps based on availability in the currently
zoomedin location (click on the Filter by extent button). When using basemaps from the
QuickMapServices plugin, always carefully check the terms of use, andke sure toappropriately
attribute the source of a particular basemap.

Project Edit View Layer Settngs Plugins Vector Raster Database WS Mesh Processng Help

DEEBERE UL LS5 e, 0 SEICY | DEEE i

= . A AutoNavi *| @by Gbel » @ » b p »
\!@ uLiﬁi ﬁg‘ Lg\ > Bing » 8 F>
Browser a8 e » Processing Toobox e
Vo GRY®0 : 5008 T
< [J Geofabrik »
-G Favortes G Google X Search,
» 1" Spatial Bookmarks S9,000 » (D Recently used
» @ H (€ Kosmosnimki.ru o
o &l Home o * @ Cartography
C:\ (Windows-55D) @ Portigl » Q Database
,c » T3 G:\ (Google Drive) @ Mapbox » * @ Fie tools
@ GeoPackage @ NAsA » » @ GPS
ﬁ} # Spatialite “# Georgia > » @ Interpolation
‘ & PostGIS # CartoDB » » Q Layer tools
@ i SAP HANA . » @ Mesh
» MSSQL rosreestr .
BB OpenseaMap @ Network analysis
‘0 v @ Orade » Q Plots
» @ WMS/WMTS € Sputnik » @ Raster analysis A
@ ﬁ Vector Ties 3 Stamen Search QMS R
v i XYZ Tiles strava »
(% & WCs v = usss . openstreetmap a
| Layers o® -, TianDiTu » Fiter by extent |Al
<»V—a v =T | - gt 15 Genshtab i e
@ - % Ukraine Cadastre D’/B TMS detais, report a ® Add
, report a
(%) @ waze
[mCadastrefmnce 2015 o | Add
=~ TMS detais, report a
Bl . _oewrTTimanitarian <
data.nextgis.com
BRosW SR WA w5 derg, reoota  © (44
@ Add to Search 2. OSM2World/3D (D.ACH) =
@ set proper scale { OpenSireetMap monochrome Fresh geodata for your project
@ settings 71 OpenTopoMap
to locate (Ctri+K) | 1 legend entries removed. Coordnate| -91,6 138,8 g s, qus Openstreetmap tracks P[5 VRender ®EPSG4326 @

Figure5: Adding QpenStreetMap (OSMBtandard basemap with the QuickMapServices plugin

Project Edt View Layer Settngs Plugins Vector Raster Database Web Mesh Processng Help
D Y [N o7 P = @ C £ L] -~ - B » i A% vn
PEERRE OLL2LAIMPRLAILBELEOCR o 3 Z RS-
agVv.ZwE W o - - R B L2
Browser a® Processing Toobox a®
s QRY®O 2008 5 A
'D Favortes = A Search.
» ¥ Spatial Bookmarks + (D Recently used
?& + [& Home » @ Cartography
B C:\ (Windows-5SD) » Q@ Database
,(: » [ G:\ (Google Drive) » Q@ Fie tooks
@ GeoPackage » @ GPS
.fﬂ /# Spatialite » @ Interpolation
@ PostGIS » @ Layer tools
m i SAP HANA » @ Mesh
» MSSQL » @ Network analysis
's -| ® orade » @ Plots
’ ;;:'\V/VMS/V#TTS » Q Raster analysis i
Szg lector Tiles B
» 3 XYZ Ties search QM5 2
@ & Wes £ openstreetmap a
. Layers =l Fiter by extent | Al
C\Ln "1 ® - [
<« (@ _? E2e e H‘HCadastreFranoe ® [Add
&) - = oskstndan ) 1 TMS detais, report a
Cadastre france 2015
Wi ris detais, reporta  ® A4
data.nextgis.com
W T e, roata @ A%
Fresh geodata for your project
ype to locate (Ctr+K 1 legend entries removed. Coordinate -13514794 3495719 | % Scale 181623840 ~ @ Magnifier 100% = Rotation 0,0 ° 2| v Render “EPSG:3857 @

Figure6: OpenStreetMap standard basemap loaded in QGIS project and Idti@ the Layerspanel
(© OpenStreetMap contributors)

Since we will be using only the basic algorithms that are already well establishibere should not

be any problems wittdifferent versions of corresponding librariedf you want to be completely sure
that all versionsin your QGIS installatioare in line withthe versions usedfor this manual, you can
gotoHe | p ' andtompate versionsQGIS version: 3.22.10; GDAL/OGR version: 3.5.1; PROJ
version: 9.0.1; EPSG Registry database version: v10.064 (2028-19); GEOS version: 3.103
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CAP{1.16.1; SQLite version: 3.38.1; SpatialLite version: 5.0.frassprovider version: 2.12.99; and
processing version: 2.12.99.

2.1.2 Calculating area in (Q)GIS

The most importantresults of CCI25 calculations carried out in GlSapplications are areas of

different land cover land use (LC/ LU) classes. Aea calculatiors in GIS present aspecial problem

posed bythe complexitythat is caused bythec ur vat ur e of tIiCer EZaedt kE@stbo
surface cannot be transformed ora flat surface of a map or a screen on some device without
deformation. This has to bekept in mind during area calculations in GISsirstly, points from the
Earthods surface, whhangihg, arebeiny projgetedeon thessurfdce ef gllipsoid

or spheroid fairly simple mathematically defined surfaces. At this pointhe location of each point

is defined in ellipsoidal or spherical coordinates (latitude and longituileThis type of coordinate

reference system (CRS) is in QGIS calledo geogr aphi ¢ ¢ o.0Sechndly,the e sy st
coordinates ofthese points are beingprojected from the ellipsoid or sphere to coordinates on the

flat surface bya set of formulas that are defined bythe so-called cartographic projection A fat

surface in this sense is calleda cartographic projection plane and in GIS these coordinate
systems are referred t o aFhiseerond tepwhictemoducestoer di nat e
so-called projected coordinatesijs not required, andveryoften positionsin GIS datasetsare given

in ellipsoidal or spherical coordinates. If location is nevertheless given in projected coordinates

andarea needs to be calculated based on those coordinates, it should be ensuredthartographic

projection preserveghe ratio of the area between points orthe ellipsoid and corresponding points

in the cartographic projection plane. A special group tifat kind of projectionsis called equalarea

projections Finally,in QGIS andsome other GIS applicationsthere are twoapproaches when

calculating area

1. ensure that all data is being referenced ithe projected coordinate system based on equal
area projection and then make areacalculationsusing projected coordinates

2. make all area calculations orthe surface of the ellipsoid or spheroid, using ellipsoidal or
spherical coordinates

We suggesthe secondapproach sinceit simplifies and increasesthe accuracyof area calculation

by avoiding the complexityof choosing the right cartographic projectioand problerns that arise

from raster data reprojection We acknowledge thaboth of these approaches have a drawback:

areas that are being calculated are not areas of
perfectly fitEar t hds surf ace, and this misalignment i ne
areaontheE ar t h 0 sandthercdrraspoading projected area othe ellipsoid or spheroid.The

| arger the height difference between the Eartho:
the area difference.All data in the same region will be similarly affected by this error, so the final
percentages that have to be calculated will not be significanttiegraded Currently, in QGl$and

other GIS applicationsjhere is no better straightforward solution.

To be sure that area calculations will be carriedut on the surface of the ellipsoid or spheroid,
rather than cartographic projection planeby using projected coordinates, go toProject '

P r o p e randithendndhe Generaltab define suitable ellipsoid irEllipsoid (for distance and area
calculations)dropdown(Figure?, as explained if4]). We suggest using WGS84 (EPSG:703)ce
the data we will be using are referenced using that ellipsaidlso, make sure thatJnits for distance
measurementand Units for area measuremenare setto the desired unit.

However, GIS expertould decide totransform data from geographic to projected CRS before
conducting calculations. If so, in calculation report it should be explicitly stated what was the
transformation/reprojection procedure, especially for raster data (resampling method, target pixel
size, etc.).
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2.1.3 Choosing a coordinate reference system (CRS)

v General Settings

&

! Metadata Project home

View Settings Project title
:_‘E;:_. CRS Selection color ~| Background color M

Save paths | Relative =~
&% Transformations L=
> Avoid artifacts when project is rendered as map tiles (degrades performance)
¥’ Defaul Styles

¥ Measurements

: Data Sources

|E\I|psmd i . I
=. Relations for distance and area calculations) WGS 84 (EPSG:7030)
Variables Semi-major (6378137,000 Semi-minor |6356752,314
@ Units for distance measurement Meters =
& Macros
Units for area measurement Square Meters =
£T, QBIS Server
0 e v Coordinate and Bearing Display
Display coordinates using Map units (meters) =
Coordinate precision ® Aytomatic Manual |2 decimal places =
| oK | Cancel Apply Help

Figure7: Setting the suitable ellipsoid for distance and area calculations in QGIS

As already discussed in the previous section, choosing the right coordinate reference system (CRS)

has to be done carefully. Since settings for area calculations should have already been applied in

QGIS project properties (sectioB.1.2), here we will focus on choosing CRS that is suitable for data
visualization. For visualization purposes, it is common to choose a CRS from a group of projected
coordinate systems in QGIS. CRS can be defined on a QGIS pHeeet by going toProject’

Pr o p e rand thes c¢hoosing desired CRS in theRStab. In Figure8, ETRS89/LAEA Europe CRS

is chosen for projecievel CRS (EPSG code is 3035], wr i tten as OEPSG: 30350)
choice when the whole of Europe has to be visualized.Rigure8, EPSG:3035 CRS is filtered from

the | ist of all avail abHilerfieRNSv all Baya that witl ke importgd 0 3 0 3 5
in QGI S +hafllly 6ber eopormoj ected to this CRS, even if t
different CRSs. It is important to understand that by changing projéetel CRS, data are only
temporary,f or vi suali zat i thef Ipyud proeserso jbeed theggd oto:m def i ned
QGIS, all data remain stored in their original CRSs. For deciding which CRS is the most suitable for a

() Project Properties — CRS x

Project Coordinate Reference System (CRS)

|
| ’
, General No CRS (or unknown/non-Earth projection)
i ! Metadata Fitter | <.{3033) “
; View Settings Recently Used Coordinate Reference Systems
! s
I Coordinate Reference System Authority 1D
& ws ETRS89-extended / LAEA Europe EPSG:3035
[~
|ﬁb‘ Transformations
| % Default Styles . C
Predefined Coordinate Reference Systems Hide deprecated CRSs
: : Data Sources
| Coordinate Reference System Authority ID =
\‘. Relations ~ [ Projected Coordinate Systems
‘ ~ Lambert Azimuthal Fqual Area

I Variables
i
i”G) Macros

T QGIS Server

ETRS89-extended / LAEA Europe EP5G:3035

~ Transverse Mercator

RIADY 4002 IN44 Ctaballann Tlhnnic Eack EINC 4904 ECDT-4102028
[ ¥

ETRS89-extended / LAEA Europe

Properties

* Units: meters
* Static (relies on a datum which is plate-fixed) -

| ok || cancel Apply Help

Figure8: Defining projectlevel CRS in QGIS project properties

6 /‘-'\-\.JLQL

/\/\/\ PROGRAMME



PROJECTION WIZARD

Distortion Property
) Equal-area
® Conformal
) Equidistant
| Well-Known Text
Geographic Extent Copy WKT string to clipboard (Ctrl + Cor 88 + C):

North: [46°55 13" N
South: [29°32'07"N

East: 37°15'56"E

West:  |6°30" 14" W

[PROJCS[ProjWiz_Custom_Lambert_Conformal_Conic”,
' [l GEOGCS["GCS_WGS_1984",
DATUM['D_WGS_1984",
SPHEROID['WGS_1984",6378137.0,298.257223563]1.
PRIMEM["Greenwich".0.0],
UNIT Degree",0.0174532925199433]],
PROJECTION["Lambert_Conformal_Conic"L
PARAMETER[ False_Easting".0.0],
PARAMETER[False_Northing™.0.01
PARAMETERT Central_Meridian”, 15.3808534],
PARAMETER["Standard_Parallel_1*,32.4327339),
PARAMETER["Standard_Parallel_2",44.022751),
PARAMETER["Latitude_Of Origin",38.2277424],
UNITT"Meter”,1.0T}

e e A iy 2
RS 373035 N1 10° 38 05" E

Conformal projection for regional maps with an east-west extent

Lambert conformal conic &
Latitude of origin: 38° 13 40" N
Standard parallel 1: 32° 25' 58" N

Standard parallel 2: 44°01° 22" N Close
Central meridian: 15°22' 51" €

Lambert conformal conic

Figure9: Defining propertiesof projected coordinate system ahttps://projectionwizard.org

particular area, we suggest consul ti][6lghePsitedi 6s Qui
States Geological Survey (USGS) map projections pog#r or using the web app for interactive

choosing the most suitable projection which is available attps://projectionwizard.org (Figure 9).

After defining projecievel CRS, in the bottom right corner, in the status bar in QGIS, the EPSG code

of the chosen CRS is shown (visible kigure14).

When changing CRSs, sometimes there are multiple ways of transforming coordinates between them.
In those cases, QGIS asks a user to choose one of the applicable transformatiémngure10). Mostly,
as in this case, QGIS already chooses the best available transformation, and it is only needed to click

on the OKbutton.

() Select Transformation for OSM Standard

Multiple operations are possible for converting coordi b these two Coordi fe e Please select the appropriate conversion
operation, given the desired area of use, origins of your data, and any other constraints which may aler the "fit for purpose” for particular transformation operations.

Source CRS EPSG:3857 - WGS 84 / Pseudo-Mercator

Destination CRS EPSG:3035 - ETRS89-extended / LAEA Europe
Transformation Accuracy (meters)

1| Inverse of Popular Visualisation Pseudo-Mercator + Inverse of ETRS89 to WGS 84 (1) + Europe Equal Area 2001 World., Europe - on:

2 Inverse of Popular Visualisation Pseudo-Mercator + Ballpark geographic offset from WGS 84 to ETRS89 + Europe Equal Area 2001 Unknown World., World, Europ

)
Inverse of Popular Visualisation Pseudo-Mercator + Inverse of ETRS89 to WGS 84 (1) + Europe Equal Area 2001

* Scope: Web mapping and visualsation.

* Scope: (nul/copy) Approximation for medium and low accuracy applications assuming equality between plate-fixed static and earth-
fixed dynamic CRSs, ignoring static/dynamic CRS differences.
Remarks: ETRS89 and WGS 84 are realizations of ITRS coincident to within 1 metre. This transformation has an accuracy equal to
the coincidence figure.

* Scope: Statistical analysis.
Remarks: LCC (code 19985) used for conformal mapping.

I OK I Cancel Help

Figure10: Choosing the most suitable/accurate transformation between CRSs

In case you want to use the projected coordinate system definedrdips://projectionwizard.org that

is not one of the predefined CRSs with EPSG code, click on the WKT-kwellvn text) link (highlighted

in Figure9) and copy text from the popup. In QGIS,got& et t i ngs Cu sandima Pr oj ec
new dialog window Kigure 11) click on the  button marked with in Figure 11, under

Name define the name for the new CRS ( in Figurell), intheFormatdr opdown choose 0
( in Figurell), paste copied text from thehttps://projectionwizard.orgin the Parametersfield
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https://projectionwizard.org/
https://projectionwizard.org/
https://projectionwizard.org/
https://projectionwizard.org/

( inFigurell) and click theOKbutton. This new CRS will now be shown on the list of all available
CRS in QGIS. It will be listed under thiser Defined Coordinate Systengroup, and it can be found
by entering its name in the~ilter field (Figure8).

% Custom Coordinate Reference System Definition X

v Define

You can define your own custom Coordinate Reference System (CRS)
here. The definition must conform to a WKT or Proj string fermat for ﬂ
specifying a CRS.

Name Parameters
=

GK6 BOUNDCRS[SOURCECRS[PROJCRS["unknown",...
WGS84 /... PROICS["ProjWiz_Custom_Lambert_Conformal_...

Name WGS84 / Medterranean conformal

Format WKT (Recommended) -

PARAMETER["False_Northing",0.0], | Validate B
PARAMETER(["Central_Meridian",
15.3808504],
PARAMETER["Standard_Paralel_1",
32.4327339],

Parameters | pARAMETER["Standard_Paralel_2", o
44.022751],
PARAMETER["Latitude_Of_Origin",
38.2277424],
UNIT["Meter",1.0]]

v Test

el oK I Cancel Help :
Figure11: Defining custom CRS

2.1.4 Common data formats used in GIS applications

The most commonly used data formats in GIS applications can be divided into raster and vector
formats. Data that are stored in raster and vector data formatare regularlyreferred to asraster
and vector data, or, when imported in GIS application, raster and vector layeBome raster and
vector data formats store data from a single layer in only one file, and some in multiple files.

Simply said, raster data are in form of matrigr a raster, each matrix element has a value and is
called a pixel.Each pixel, which is regularly a rectangle, has an indirectly assigned locatjoe.,
coordinates in some CRShrough coordinates that are assigned to pixels in the corners of the
matrix and dimensions of each pixel, which are constantine whole raster.Raster data are in GIS
applicationscommonlyused to represent some spatial property that has a value in every point in
space, for example, height above sea level, temperature, etdut they can also be used to
represent some discrete objects in space, such as roads, buildings and so Baster data format
that will be mostly usedthroughout this manualis TIF (or TIFEpr more precisely, its extensian
GeoTIFF (TIF/TIFF file with embedded information that assign location to the raster and then
indirectly to every pixel).

Plainly speaking, n vector data formats, spatial features/objects are stored as points that are
defined by their coordinates in some CRS, lines that are defined by points, and polygons that are
defined by lines. Ultimately, vector data are based on coordinates of points atompanyingdata
that define which points argust points, and which are forming lines or polygonSome data formats
allow storing only one type (pointine, or polygonkat a time. Different types of information can be
stored along with each feature (each point, line, or polygon) and are called attribute values.
Attribute values are stored in theso-called attribute table in which each row corresponds to one
feature (point, line or polygon), and each column/filed to one attribute/ector formats are
commonlyused to represent discrete features, but are also sometimes used to represepatially
continuous features (for example, land coveryector data formats that will be used in this manual
are Esri shapefile format, GeoPackage (GPK@nd GeoJSON. Esri shapefile format for a single
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vector layer consists of at least three files with extensions SHP, SHX, and DBF, while GeoPackage
and GeoJSON formats store all information from one layer in a single flsual difference between

vector layer with polygonal features and raster layer that both represent land cover over same area
are visible inFigure12.

One important fact that should always be kept in mind while working with QGIS is that in QGZ project
file no raster or vector data are stored. QGZ project file stores only, among some other things,
locations of raster and vector datastorage location By default settings, always be sure to keep

relative location between the QGZ project file and corresponding files of imported raster and vector
layers unchanged.

Figure12: Visual difference between polygonal vector (left) and raster (right) data representing land cc
over same area

2.2 Spreadsheet application

Results of spatial analysis conducted in QGIS need to be exported in tabular form and then further
analyzed in a spreadsheet application. Any spreadsheet application is suitable for making basic
calculations, like proprietary Microsoft Exc¢8], free and opensource LibreOffice Calf9], or even
web-based applications like Google Sheefd.0]. It is possible that some of these applications will
not support some of the more advanced analyses or graphical representations of calculated data.
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3 ACQUIRING ANPREPARING DATA

This chapter focuses oracquiring andimporting all relevant data in QGIS and then preparing them
for conducting spatial analysisln the followingsections, file names that are being used in QGMill
be typedinitalic styleif they can be treated as temporary filesand initalic bold styleif it is advisable
to store them permanently Of course mentionedfile names are just suggestions, and you can use
any file names you like.

Main preparation steps include:

1. definingthe area of interest (AOI)

2. downloadingrequired data

3. creatingcoastal strips and reporting units

4. preparing LC/LU and elevation data and data on protected arefs CCI25 calculation

3.1 Defining the area of interest (AOI)

Area of interest (AOI) should be defined as a polygon vector layer with one polygon. To create a new
GeoPackagd11] vector layer:

1. gotoLayer' CreatelLayet New GeoPack¢eiguweld)ayer é

2. by clicking onthe three-dots-button (  in Figure 13), define the name(you can use
aoi.gpkg and pathon the discwhere the new GeoPackagésPKGTile will be stored

3. in the Geometry typedropdown selectPolygon( in Figurel3)

4. selectthe desired CRS (we suggest selecting WGS84 (EPSG:4326) in Figure13; if
desired CRS is not listed, then by clicking on the button marked with in Figure13, select
desired CRS from the list of all available CRSs in QGIS)

5. finally, click on theOKbutton ( in Figure13)

Q *IMAP CI25 manual — QGIS = o X
Project Edit View JENCH Settings Plugins Vector Raster Database Web Mesh Processng Help
I [=] (| # Data Source Manager Ctri+L ) (R > n -ALQ -
j ; Create Layer » % New GeoPackage Layer... @ v {g)} z a
WV, | Mdiaver » V. New Shapefie Layer... | G ma a2 |
=20 Embed Layers and Groups... /7 New Spatialite Layer... m
Add from Layer Defintion Fik... ® New Temporary Scratch Layer... Database \aoi.gpkg o B
o r | & Copy Style B New Mesh Layer... Table name aoi -
i g >aste Stvle ¢
‘ Paste Style New GPX Layer. Geometry WDQI Polygon - I
Browser Copy Layer W New Vrtual Layer... 28
V ~ . Include Z dimension Include M vales
o & Paste Layer/Group
‘ 76 A ? | EPsG:4326 - was 84 -laf2) |
'C} Favort a e ik
» 1" Spatial » et o New Field 1
gé » [ Project i e
» [ Home % " e Name
Ve " DM
82, G:\ (G Current Edts Type abe Text Data -
> GeoP o P v
#a f_ ss:n:l‘ Save As... 3 i Maximum length
;Ya Save As Layer Definition Fie... 3 i
| Layers | s e - Add to Fields List [ em
| L4 Remove Layer/Group CuHD Ry,
'ﬂ v| @ ‘;@1 d L Duplicate Layer(s) Fields List -
@ v v W OS  get Scale Visbitty of Layer(s) A 4 L
Set CRS of Layer(s) Curk+Shift+C £ % 7 Name Type Length |
{% Set Project CRS from Layer v e “u e i iy Fdd
V Layer Properties... S ; ek
- iter. Cri+F = k-
: =3 Remove Field Add
&- Labeing
g Show in Overview j : » Advanced Options e L.
| oo Show Al in Overview : e i
~ ct
| ©2 Hide Al from Overview | ok Cancel Help F
e (Cl+K Coordnate 6755848,504370 | % Scale .:260 —wr—TTagn IO 2 =TT - @

Figure13: Creating a new GeoPackage vector layer (basemap: ©OpenStreetMap contributors)
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Project Edit View Layer Settngs Plugins Vector Raster Database Web Mesh Processng Help
B e/ 2 |+ J oY@ Il & Y (Do [P g -0 - . RS-
DEERRE 0@L2ALAPPR "R/ LEOR e -Gh-5 EIIE-- A5
TN T =y o= @ 2 B
£ (3 s MC 3
Zoom to Selectio =
Browser 8| o cm,‘ . ( ! b= 7 i S . | Processing Toobox e®
vo i S Show in Qverview S e o
e QBT ®*O Show Feature Count R T XCE=IZAN
'{: Pavortes @ Show Labels \ Search
’ 7' Spatial Bookmarks Copy Layer + (O Recently used
E} + [&) Home Rename Layer » @ Cartography
, C Cc\ (Wnd:vs-SSD) & Update SQL Layer... G » @ Database
» DG .
. g.\ gGud::ag Drive) 2 Duplcate Layer @ » @ Fie tools
7 Seo-aL e [l Remove Layer... o OGP
) patialite + @ Interpolation
- @ postGIS Move to Bottom * @ Layer tools
M | = saenana % Open Attrbute Table » @ Mesh
» MSSQL T Toggie Editing ““. » Q@ Network analysis
'(} ~| @ Orade e b = v Q Plots
» @ WMS/WMTS R » @ Raster analysis
@ & Vector Ties Change Data S°'f'“f“ » @ Raster ae‘::son
» 3 XYZ Ties Set Layer Scale Visibility... Y S C ; )i » @ Raster terrain analysis
% @i WCS Layer CRS » ol L 77~ 3 » @ Raster took
» @ WFS / OGC API - Features Export » " ALt e “ | * @ Vector analysis
@ e 8 sy R = Y % ) O Vactor creation
B -y Search QMS (215
g - [ Add Layer Notes.. i
@ <BeTE- BT - ;
o -
v M Standard Fiter by extent |Al v
g Last used: £
i * n Dark Matter [labels only] o Add
TMS detais, report a
= e S
o e T Coa Fresh geodata for your project
to locate (Ctri+K) Coordinate| 3229073 1746355 | Scale|.:13719430 ~ @ Magnifier 100% = Rotation 0,0 © 2 v Render #EPSG:3035 @

Figure14: After clicking on theToggle Editingnew features can be added, or existing features can be
modified or deleted from a vector layer (basemap: ©OpenStreetMap contributors)

The newly created GeoPackage layer will automatically be loaded itite QGIS and listed in the
Layerspanel (Figurel4). To add anew polygonin a GPKGrectorlayer, follow these steps:

1. toggle (i.e., enable)editing of GPKG layefaoi.gpkg by rightclicking on the layer name in

the Layerspanel, and then clicling on Toggle EditingFigure14)

if you did not alreadyadd one of the basemaps using the QuickMapServices plugin (it can

be OpenStreetMapwWwe b ' Qui ck MapSer vi c gasshownioRigied), St and
and zoom(by scrolling the mouse wheel) and pan (loyoving the mouse while mouse wheel

is pressed map to the AOI

while the AOI layer is selected in theayerspanel, go toEdit" Add Polygon Featurer click

on the &3 icon marked with  in Figure15 (it is a part of theDigitizingtoolbar)

2.

Q@ *IMAP C125 manual — QGIS - o x
®
Project Edt View Layer | * Zoomto Layer(s) IDatabase Web Mesh Processng Help
Zoom to Selection
= [ - [0 - N ] =] e A&.n
[ 5 B I3 [5 o2 srowinowniew RBPPFLRALEBa O N-N-G-0 @Bk TE-8-- &S
| ] Show Feature Count —
&wl r . (abc] @b »
CTONAA e B B 4 Q@ - B %
Copy Layer
.0 . Qe HE OVllE Ex Y ®
8 Update SQL Layer...
O' [ £ f *| £ Duplicate Layer 7;'3
i 1 Remove Layer. L - Processing Toobox =l
Move to Bottom i T B 3
Vo Q@ W |t s ey B A0B T A
'G a Favorites Toggle Editin: -+ B . A Search
» % Spatial Bookm: # Current Edits » (O Recently used =
» [ Project Home — A » @ Cartography
» [& Home - i » @ Database
, » [ C:\ (Windows-§ e Data Sodice e il g
» [7 G:\ (Google Dri  Set Layer Scale Visibilty... V | a0i - Feature Attributes [ |
ﬁ] @ GeoPackage Layer CRS =
. / Spatialite Tivo -
Lﬁ Layers e fid |Autogenerate| a | v EL
Q.o d® T | sdloens. _
& " Properties... e =P
@ ~ v ¥ OSM Standard & A
% ®  Add
@ -+, Esri World Imagery
@ = H’ﬁ TMS detais, report a ® |jfdd
X { [i4y Bing Aerial @ Add |~
s ) S . = Fresh geodata for your project
L Type to locate (Ctrl+K) Coordinate  3269447,2351550 ¥ Scale:13033201 ~ @ Magpnifier| 100% < Rotation 0.0 ° * v Render ®EPSG:3035 @

Figure15: Creating a new polygon in a vector layer (basemap: ©OpenStreetMap contributors)
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4. on the map, with left mouse clicks, encircle a polygonal AOI that contaarsarea for which

CCl25has to be calculated (points that define polygonal AOI do not need to be densely

spacedand it is a good practice to encircle a little bit wider area to be sure that you have

included the whole AOkexample for Italy is shown ofrigurel5, markedwith )

finish polygonal AOI definition by right mouse clighght mouse click will not add a new point)

click the OKbutton in a new dialog window in Figurel5)

7. save changes in the AOI vector layer by rigilicking on its name in the_ayerspanel, then
clicking on theSave Layer Edit§ in Figurel5), and then again onToggle Editing  in
Figure15) to lock the layer from further edits

oo

This AOI polygoim aoi.gpkgfile will be used to clipinput layerswith the main purpose to speed up
the processing by limiting calculations to its extent.

Metadata and settings for each layer in QGIS can be accessed by right clicking on the layer name
in the Layerspanel, and thenclicking onP r o p e r(visible inRigurel14), or, by default settings,

by doubleclick on the layer name in the_ayerspanel. If you doubleclick on the aoi.gpkglayer in

the Layerspanel, theLayer Propertiewindow that is shown orFigure16 will open.Layer Properties
window that is shown irFigure 16 list options for vector layerOn the left side of the window, there
are different tabs. In thelnformation tab, you can read data format that is used for storing data,
path on the computer storage where data is stored, CRS that is used to georeference data and
some other metadata. In the Source tab, you can again see CRS information, you can build spatial
index (it is always advisable to build spatial index if it is not alreadyy clicking on theCreateSpatial
Index button), and define query that will be used to filter features in vector layer based on their
attributes values. In theSymbologytab, you can define different options for visualization of data
stored in each layer. In the_abelstab, you candefine setting for showing attribute values in the
QGIS map view, and in thEieldstab you can edit, add, or delete fields/attributes from the attribute

table.
() Layer Properties — aoi — Symbology X
| = Single Symbol -
fi Information v - I Fin 2
[ simple Fil
“\_Q\ Source
& Symbology
€I Labels
B Masks cor | -
W7 3D View Opacity 50.0 % @ |2 &
'I Diagrams Unit Milimeters -
I
E Fields L All Symbols - | &
- Name Tags =
: Attrbutes Form aradie. Showcase
Joins ™ gradie... Grayscale
M grzdie... Colorful
ﬁ Auxilary Storage M gredie.. Colorful
™ gradie... Colorful —
c@ Actions e
Save Symbol... |Advanced -
, Display
p Layer Rendering
5‘/ Rendering
Style - | oK | Cancel Apply Help

To open an attribute table for a vector layer, right click on the layer name in theeyerspanel and
click on the Open Attribute Tablgvisible inFigure14). If you open attribute table for theaoi.gpkg
layer, a new window, which is visible iRigure 17, will open. Sinceaoi.gpkglayer has only one
polygon feature, attribute table has only one row.
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(2 soi — Features Total: 1, Filtered: 1, Selected: 0
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3.2 Downloading required data

Data that have to be downloadedor CCl25calculation are:

1. Landcoverland use (LCLU) data
2. Elevation data

3. Coastline data

4. Administrative units data

5. Data on protected areas

3.2.1 Landcover/ land use (LC/ LU) data

Asstated in [18], ESA WorldCover Project Land coW&SA WCHSs proposedas a source for LC/LU
data and specifically land cover data for the year 2021 is proposed to be used for the calculation
of the baseline data for CCI25ESA WCRasters can be downloaded fromhttps://viewer.esa-
worldcover.org/worldcover/by following these steps:

1. register and login

zoom to the area of interest
click on the 0Layer sdectiWorldCohee¥ 2024 layer (Bgarél8)me nu ar

2

3.

4. clickonthed Do wn | dha ekidicalimanu bar(Figure18)

5. in a new windowthat pops up (Figure19), on whichis a list of 3°x 3° ESA WCHles that
fully or partly overlaps with theoomed area, select tiles for downloadnd then click Next

6. in a new window that pops ugFigure20), click Download

Layers

‘ou are now looking at WorldCover V2 2021

WorldCover Version 1

WorldCover Version 2

@ ©Sa  ©ESAWorldCover project 2021
<t © Gemtiantins

Figure18: Download link in vertical menu bar of the ESA WCP viewer
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v
Results
Selected 3/21 products First 1 /3 > Last
O Title Date Size
~ ESA_WorldCover_10m_2021 v200_N45E021 2021-12-31T23:59:09Z 73.53MB
~ ESA_WorldCover_10m_2021_v200_N45E018 2021-12-31T23:59:597 71.94MB
~ ESA_WorldCover_10m_2021_v200_N45E015 2021-12-31T23:59:59Z 84.74MB
~ O ESA_WorldCover_10m_2021 v200_N45E012 2021-12-31T23:59:09Z 81L10MB
~ O ESA_WorldCover_10m_2021_v200_N45E00% 2021-12-31T23:59:5%7 101.95MB
~ O ESA_WorldCover_10m_2021_v200_N45E006 2021-12-31T23:59:597 10156 MB
~ O ESA_WorldCover_10m_2021_v200_N45E003 2021-12-31T23:59:59Z 97.29 MB
~ O ESA_WorldCover_10m_2021_v200_N42E021 2021-12-31T23:59:5%7 80.71MB
[=]

Figure19: ESA WCP tiles (3°x3°)

v
Download

Product downloads Download overview
ESA_WORLDCOVER_10M_INPUTQUALITY Number of products 3
ESA_WORLDCOVER_10M_MAP Number of files 6

Download size 297.72MB

Figure20: ESA WCP download window

Along with land cover data, the service offers a download of data with a quality descriptieBA
WCPtiles are 3° x3° GeoTIFFKaster tiles with a spatial resolution (i.e. pixel dimension on ellipsoid
that is used to approximatethe Ear t hd s s ul200& [¢3. IhisoesolutioAcbrresponds to
approximately 10 mat equator for the Map productESA WClIPaster tiles are georeferenced in the
geographic coordinate system WGS84 (EP3G26). ESA WCRerms of use are defined inthe
Product User ManuaJ13].

3.2.2 Elevation data

FABDEM (Forest and Buildings removed Copernicus DEMya&tion data for noncommercial usage
(CC BWNGSA 4.0 license) can be downloaded fromhtips://data.bris.ac.uk/data/dataset/
25wfy0f9ukoge2gs7a5magpg2j7 (Figure21) by clicking on one of the ZIP archiveontaining raster
elevation data.
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https://data.bris.ac.uk/data/dataset/25wfy0f9ukoge2gs7a5mqpq2j7
https://data.bris.ac.uk/data/dataset/25wfy0f9ukoge2gs7a5mqpq2j7

g% University of
a BRISTO], Facuies Datasets Licence About Deposiing  Accessing ~ Melrics Q

# / Organisations / Science /| FABDEM

FABDEM
& Dataset

Followers
£ Organisation FAB D E M

,“": i \ > As an experiment we also have a bittorrent download available at
/o5 = \‘»"" https: 3ce54e3de8177011a3c6e1b9ed130e0467c3t4e

=\

3 —

\‘ FABDEM (Forest And Buildings removed Copemnicus DEM) is a global elevation map that removes
P i building and tree height biases from the Co igital Elevation Model (DEM). The

data is available at 1 arc second grid spacin 0m at the equator) for the globe. The
FABDEM dataset is licensed under a Creative Commons "( IC-SA 4.0" license.

Science

carried out in Bristol

enjoy an outstanding

E=This file is a replacement
-mo "UPDATED=2022-02-23™

@ social

Figure21: Screenshot of the website from which it is possible to download FABDEM rastata

Selecting the correct ZIP file for downloading might be problematic since there is no map where the

coverage of each ZIP file is vilsle. The coverage of each ZIP file has to be read from the ZIP archive

name. For example, if the ZIW5@QECHhO&e intameorstasp
tile that covers an area from 40° to 50° north latitude and from 60° to 70° east longitude.Using

a map with a 10degree graticule grid available abttps://maps.princeton.edu/catalog/stanford -

fr122tg8910 might help determine which tile(s) overlaps with the A@®ach ZIP archive contains
multiple (up to 100) raster tiles that cover 10A
1°x1° and can be visualized by going tdittps://panda.copernicus.eu/web/cds-catalogue/panda

and following steps 12-3 from Figure22. Make sure to download all ZIRles that contain elevation

data that intersect the AOI.

~ 3PANDA .

N36.W008 6. W0 N36.W005 N36_W004 N36.W003 | N36.W002

" N3s_woos

T

w @L N0
Figure22: Steps for visualizing 1%1° Copernicus DEM tiles
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This elevation data is adigital elevation model (DEM) called FABDEM (Forest and Buildings removed
Copernicus DEM) which is produced from Copernicus DEM] by removingheights of buildings

and forests and making some other adjustments As reported by its authors, FABDEM has
significantly better accuracy in comparison to other global f r e e | v DEEMs[15]. BacH e 6
FABDEM raster tile igeoreferenced inthe geographic coordinate system WGS8EPSG:4326)
with a spatial resdution (pixel dimension)in the north-south direction of 1/3600° [16], which is
around 30 m. Heights are referenced in Earth Gravitational Model 2008 (EGMO08, EPSG:3856]).

If elevation datawill be commercially usedthen Copernicus DEM5LG30 should bechoseninstead
of FABDEMIt can be downloaded by followingteps described orhttps://spacedata.copernicus.eu/
web/cscda/data-access

3.2.3 Coastline data

According td12], official coastline datais proposed to be usedor CCl25calculation. If official data
are not available, or if they are not dense enough or are outdateithen coastline data can be
extracted from the OpenStreetMap (OSM) dafa7]. Although OSM data are not official and are
crowdsourced, our experience shows th&SM coastlinedata are highly reliable and ugo-date.
OSM wastline data can be downloaded from https://osmdata.openstreetmap.de/
data/coastlines.html. There are two download options that differ in CRS that is used to
georeference the data. We suggest downloading data from the first option that uses WGS84
(EPSG:4326) as a CRS (highlighted Figure 23). This coastline datais stored in Esri shapefile
linestring vector format. Terms of use are available attps://www.openstreetmap.org/copyright

Data Derived from OpenStreetMap for Download

Info Data Processing Contact

.
Coastlines

Linestrings for coastlines. Long linestrings are split into smaller chunks (with no more than 100 points) that are easier and faster to
work with.

Description

The data has been derived from OpenStreetMap ways tagged with natural=coastline. Some errors in the OSM data are repaired in the
process. Learn more about the coastline processing. ..

This dataset can be used together with the land or water polygons.
Variants
« The data is available in WG584 and Mercator projection.

See Also
Land polygons - Water polygons

Download

Format: Shapefile, Projection: WGS84 Last update: 2022-07-27T03:42

Format: Shapefile, Projection: Mercator Last update: 2022-07-27T03:42

Figure23: Downloading OSM coastline data from
https://osmdata.openstreetmap.de/data/coastlines.html

Coastline is a baseline for defining a 18m coastal zone that is needed for constructing CCI25
reporting units. In some areas, especially those where the coast is flat and the intertidal zone is
wide, coastlines extracted from different datasets can vargignificantly. This is especially
problematic when there is a discrepancy between the coastline that is used for generating coastal
strips (vector) and the coastline that can be extracted from the LCLU dataset (raster). These
discrepancies can lead to omision or commission errors in specific land cover class area for
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specific reporting units.Thus GIS expert shouldperform visula inspection ofareas along the
coastline and highligh the reporting units in the calculation report for which this issue has an
impact.

3.2.4 Administrative units data

The CCI25 indicator guidance factsheet[18] suggests using coastal administrative units
(cities/municipalities) as the lowest level of authority responsible for development of spatial/urban
plans and managing coastAccording to[12], it is suggestedto use mational official data on
administrative unitsif they are availablelf not, OSM aministrative units data canbe downloaded
from https://osm -boundaries.com/Mapby following these steps:

1. if you do not already have one, create a new OpenStreetMap account by going to
https://www.openstreetmap.organd filling out the form that is available after clicking on

the 0Sign Updé butt onFigur@24)t he upper right cor ne

2. go tohttps://osm -boundaries.com/Mapand after <clicking on the

the top right corner fnarked with  onFigure25) , and again the O0Auther

a new modal window( in Figure 25), you will be redirected to thehttps://www.
openstreetmap.org/where you need to enter your OpenStreetMagcount data (previously
created username and password or the ones you already hadid after laggingin authorize

OSMboundaries toaccess your OSM account by clicking
( onFigure25)
3. find out which o060OSM admin | evel 6 (the enci

name in the list on the left sided marked with  in Figure25) is equivalent tothe units in
the project area responsible for development of spatial/urban plans and managing coast.

4. click on the o0Downl oardRgurd?6)t t on ( mar ked with

5. in a new modal windowKigure 26) in a dropdown marked with in Figure 26 select the
country for which you want to download administrative units data, in both dropdowns marked
with sel ect the same O00OSM admin | 3 switdhfomt hat
0l nclude waterdé to OlLananaonfliymal(lmar &leidc kvi @
that is marked with  on Figure26 (all other options may remairunchanged)

2 OpenStreetMap

HelsInK

Welcome to
OpenStreetMap!

|500km |
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search ‘
B 1sla Bassi a
O slaF
© 15la Tres Cruces
© Isle of Man
© islote Chingolo
© isrel
4 O rtaly
4 O Abruzzo
@Ck eti o
O Laquila
O Pescara
© Teramo
3 Parco Nazionale della Majella
© ~rosta valley

O Apulia v

lomena Grande

Donate

E=T 2,

OSM-Boundaries

Auth

authentication.

3o

OSM database

Latest (2022-07-04)

o Authenticate
i
X Peenapy [
>
— We rely on user accounts at OpenStreetMap.org, using oauth technology. By clicking the below
Authenticate-button you will be redirected to OpenStreetMap.org where you need to accept the
/- OpenStreetMap =
Authorize access to your account
The application OSM-Boundaries is requesting access to your account. Please check whether
you would like the application to have the following capabilities. You may choose as many or as few as o v
you like,
Allow the client application to o
8 read your user preferences.

If only options from step 5 have been changed in the modal window shownFigure 26, and all

ot hers remai

ned unchanged,

c |

c ki

on the

ng

administrative data stored in GeoJSON vector polygon format (actually a compresgedjson.gz

file) that is georeferenced in WGS84 CRS (EPSG:432@erms of use are available at

https://www.openstreetmap.org/copyright

Download

Based on

Admin level

File format

SRID

Land/Water

All tags

Simplify

APl url

Curl

o

O Selection]| ®| Italy B
. -]@
Geo)SON = EWKB is the only format presenving floats correctly. KML doesn't respect the All tags option.

4326 =

O Include water e
@ Exclude O Include

No s

https://esm-boundaries.com/Download/Submit?apiKey=bc33

curl --remote-name --remote-header-name --location --max-

The download links are private and contains your api key ta this site

Close

Figure26: Setting options for downloading OSM administrative units data

When OSM data are used as a source for administrative units, data should be validated by
comparison with national official data and visual inspection by expert that is conducting

calculations. Even if national official data are outdated, they can still sed as an assistance in

validation. Additionaly, expert should check if coastline used for generating coastal strips is
matching the coastline from the administrative units data. If not, coastline part of administrative

boundaries should be replaced wittthe coastlines of coastal strips.
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3.2.5 Data on protected areas

Locations and boundaries oferrestrial and marineprotected areas can beobtained from the World
Database on Protected Areas (WDPA) availalftr noncommercial use on Protected Planet
websites (ttps://www.protectedplanet.nef). WDPA is a UN Environment Programme (UNEP) and
International Union on Conservation of Nature (IUCN) projeittis being created in collaboration
with governments, norRjovernmental organizations, academic institutions, and industry
representatives[21]. WDPA is being updated every month

The most current WDPAdataset can be downloadedfrom https://www.protectedplanet.net by
following these steps:

1.in the 0Themat i(narkkdwetta s id Figlinre2Y yindhe wmmenu bar, click
on the OProtec(eidFighre2Zrhs ( WDPA) 6

2. on the new web page, to download the whol e WD
(marked with  in Figure28), and to download only a portion of data, which we suggest,
click on the OExploreinFAgue28ect ed Areaso6 buttor
s!_ protected planet‘ About News & Stories Resourceso ﬂ
O =)

Management Effectiveness
(PAME)

o 9 Other Effective Area-Based
Discover the world’s
(WDOECM)
Territories and areas

protected areas i o

communities (ICCAs)
Protected Planet is the most up to date and complete source of data on
rotected areas and other effective area-based conservation measures L et e
protecte 9 € Fc S Aa. 2 opservatiol Y Protected and Conserved
(OECMs), updated monthly with submissions from governments, non- Areas

governmental organizations, landowners and communities.
Connectivity

Equitable Governance
Explore Protected Areas
Marine Protected Areas

Figure27: Accessing the WDPA web page on the Protected Planet website

@protected planet’ About News & Stories Resources Thematic Areas v n
' ‘ f ‘ in ' E o

Protected Areas (WDPA)

The World Database on Protected Areas (WDPA) is the most comprehensive global database on
terrestrial and marine protected areas.

[ Explore Protected Areas ’

WDPA About Methodology

Figure28: To filter the WDPA protected areas by ¢
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3. after clicking on the 0ExnFigue2d), oPanewiweltpaged Ar e ¢
(Figure29), it is possible to filter the WDPA protected areas based on region (continental
scale), country, or to search for a specific protected area; to filter WDPA protected areas
within a singl e coun tnFigure29),lentec dnane ofthe éontrynt r i e s «
in the field marked with , pressEnter, and click on the country card ( in Figure29)
4. after clicking on the country card ( in Figure29), a new webpage with map and statistics
for the selected country opens, amRgure3d) it , cl
5. after clicking on the oOoODownl oad®éd button, a
choosing theinbiguted®p, owki ¢h will after clicking
in the new modal window ( in Figure30), prepare data for download in Esri shapefile
vector format
6. finall vy, to download prepared WDPA, click on
corner ( in Figure30)
o Jo
Regions Individual Areas o
Countries (1)
. T:,l_gf".”wl ‘EMﬂEu
I-taly : e

3,948 protected areas and other effective

area-based conservation measures

Figure29: Filtering the WDPA protected areas by country

34 protected planet’

About News & Stories Resources Thematic Areas v

Download Options

SHP

8
File Geodatabase

(D Italy

Commercial Use Non Commercial Use PDF

Total Protected A
With mana:
effectivene

estrial and In

conservation measures

Polygons/Points ratio

Total Other effective area-based

Meaning any use by or for a commercial
entity, whether revenue-generating or
not, or any use that generates revenue for
any type of entity. Further details here.
For commercial use, please visit IBAT.

Download data from Protected Planet.

e

Citation

UNEP-WCMC and IUCN (2022), Protected Planet: The World Database on Protected Areas (WDPA)
and World Database on Other Effective Area-based Conservation Measures (WD-OECM) [Online],
2022, Cambridge, UK: UNEP-WCMC and IUCN. Available at: www.protectedplanetnet.

o [ -

WDPA_WDOECM_Jul2022_Public_..

July

Figure30: Downloading countnfiltered WDPA data on protected areas
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Clicking on this oDownloaddé button wild.l initiat

data on protected areas stored in Esri shapefile polygon and point vector format. Data are

georeferenced in WGS84 (EPSG:4326) CRS. Terms of use are availahlehtgps://www.

protectedplanet.net/en/legal, and attribution is also specified a b o v e t he oDownl

marked with  in Figure30.

If WDPA data will be commercially used, then data should be obtained from the Integrated

BiodiversityAssessmentTool (IBAT) weliw: https://www.ibat-alliance.org/.

3.3 Creating coastal strips and reporting units

oad

So far, in QGIS we have OSM basemap and GPKG vector layer with the polygonal area of interest

(aoi.gpkg. For constructing coastal strips and reporting units, the following datasets are required:
coastline data and administrative units dataAll directions and suggestions in the following sections

and chapters ofthis manual that require defining options in dialog windows within QGIS é&reited
only to those parts thatare required to be changed All other options that are not mentioned should
be leftin their default state.

Three coastal stripshave to be constructedas inland zones that are 100 m, 300 6 1000 m,
and 16 10 km away from the coastline. Since QGIS does not natively support creating thealted

geodesic buffer zones (what is a straight line between two points in a plane, is a geodesic between

two paints on a surface of the ellipsoid path with the shortest distane) and all downloaded data

are in the geographic coordinate systenEPSG:4326 we will need the Shape Tools plugin

(installation procedure is explaned in section2.1). To construct coastal stripsand reporting units
we suggest the followingvorkflow (some of these steps(especially step 6)are computationdly
expensive, so be prepared faa longer processing time)

7. although not necessaryunzip the downloaded ZIP file with the coastline datarfginally
named coastlinessplit-4326.zip), importthe Esri shapefile in QGIS by goingltoa y e r
Layer ' Add ,andthenafter clicking enthéhree-dots-buttonin a new dialog
window ( in Figure 31) locate lines.shp file in the folder created after unziping @s

() Data Source Manager | Vector *
= Source Type
Vector e Fe Directory Database Protocol: HTTP(S), cloud, etc.
* Raster Encoding Automatic -
5!: Mesh
Source
4 Point Cloud
Vector Dataset(s) [\cnasthnes—spIrt4326\cnastlines—splrc4326\\ines.shpl €«
- Delimited Text
v Options
Q‘gﬂ GeoPackage Z o

Consult ESRI Shapefile driver help page for detaied explanations on options

e 6°5
ENCODING

i': Spatialite

DBF_DATE_LAST_UPDATE
& PostoreSQL ADIUST_TYPE <Default> >
' MssQL ADJUST_GEOM_TYPE <Default> >
’, Orade AUTO_REPACK <Defaul> =

m Virtual Layer DBF_EOF_CHAR <Default> .

& SAP HANA

&2 wMs/wMTS Close Add Help

Figure31: Importing coastline data in QGIS
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already mentioned,one Esri shapefile consists of at least three files that have SHP, SHX,
and DBFextension), and import it by clicking on the\dd button ( in Figure31)
8. createaspatial index for the imported layewith coastline data(lines.shp), which will under
some circumstances, speedip processing done with this layer
a. gooVect or ' Data Management Tool s ' Create
b. in a new dialog windowRigure 32), underthe Input layerdropdown( in Figure
32) choosethe imported coastline data layerlines.shp)
c. click the Runbutton (  in Figure32; this operation does not create a new layer,
but only addsa spatial index tothe existing oned for Esri shapefile format it creates
a new file withQIX extension in the same location on the disc as other files that
compose corresponding Esri shapefile layer

(2 Create Spatial Index b

Parameters | Log Create spatial index
Input layer

Creates an index to speed up access to the
/" lnes [EPSG:4326] - ... features in a layer based on their spatial location.
Support for spatial ndex creation is dependent on

o the layer's data provider.

0% Cancel

Run as Batch Process... e Close Help

Figure32: Creating spatial index for vector layer

9. clip the importedcoastline datalayer (lines.shp) with the AOI layerapi.gpkg):
a. gotoVector ' Geoprocéssing Tool s Clip
b. in a new dialog windowKigure33), underthe Input layerdropdown (marked with
in Figure33), choosethe imported layer with coastline datalines.shp
c. inthe Overlay layedropdown choosethe vector layerin whichthe area of interest
is defined @oi.gpkg 0 marked with  in Figure33

d. after clicking on the threedots-button (  inFigure33)and choosingsave a,s Fi | eé€
define storage location,name the output clipped coastline file wittcoastline-aoi,
@ dip X
Parameters = Log ' Cllp
[oLE 5 0 This algorithm clips a vector layer using the
V" ines [EPSG:4326] s @;@ "% features of an addtional polygon layer. Only the

parts of the features in the Input layer that fal
Selected features only within the polygons of the Overlay layer wil be
Overlay layer added to the resulting layer.

(= aoi [FPSG:4326] - e "% The attrbutes of the features are not modified,
atthough properties such as area or length of the
Selected features only features wil be modified by the clipping operation.
Clipped If such properties are stored as attributes, those

ibutes wil have to be manually updated.
/coastline-aoi.gpkg a Q

| ¥ Open output file after running algorithm) o

L5

Run as Batch Process... ‘ Run Close Help

Cancel

Figure33: Clipping coastline data to the extent of the AOI
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and choose GPKG adiletype (output file will be namedcoastline-aoi.gpkg, as
shown onFigure34
e. although it should already be tickedf it is not, always tick theDpen output file after

running algorithmoption to load the output layer into QGIS after algorithm finishes
with processing(

in Figure33)

f. click the Runbutton to start the clipping algorithm(  in Figure33)
() Savefile X
+~ <« i L2 ~ 2. Search manual-novo
Organize v New folder =- @
3 Lilas Name - Status Date modified Tyl
3 A in drd @
RS [}

>

> R Pran

[ ]

File name: ‘ coastllne—ao“

Save as type:  GPKG files (*.gpkg) l

» Hide Fol

ders

Cancel

Figure34: Defining file name and file type when saving a new file (under Windows operating system

10. densify line vertices irthe previously created layerdoastline-aoi.gpkg):

a. go toVector

Shape Tools Geodesicshape densifier

b. in a new dialog windowHRigure 35), underthe Input layerdropdown (marked with

in Figure35) choosethe previously created layer with coastline data clipped to

the area of interest ¢oastline-aoi.gpkg
c. for Maximum line segment length (in kilometersgnter 0.02 (
be sure you are using the right decimal separator (point or comma) which can be

checked by going tdSettings'

0Samp

| e

dat a:

in Figure35), and

Options in the Generaltab on the left side, under

(¢é)

d. after clicking on the threedots-button (
define the name and storage location for daesified coastline (use coastline-aoi-
densified.gpkg choose GPKG as filetype)

e. click the Runbutton to start the densifying algorithn(

fl oat

0

in Figure35) and choosingS a v e

in Figure35)

a,s

Parameters | Log

(2 Geodesic Densifier

Geodesic densifier

Line or polygon layer
%" coastline-aoi [EPSG:4326]

M| (] ‘% geo

Selected features only

Discard inner vertices (lines onfy) [optional]

seg
app!

Densify a line or polygon vector layer by adding

desic points in between individual ine
ments. This gives a nice smooth curved
earance. Geodesic lines are the shortest

distance between two points on the Earth. For

ine

Maximum lne segment length (in kiometers) [optional]
0.020000

Output layer

/coastine-ao-densified.gpkg

3 o

v Open output fie after running a\gurithml

Run as Batch Process...

0%

vectors a geodesic ine can be drawn
peen just the beginning and ending points.

s enput Layer - Select an existing line or polygon
layer.

utput Layer - Specifies the output layer that

wil be created in QGIS.

* Discard inner vertices (Ines only) - When this
is checked only the beginning and ending points
of a line are used when drawing geodesic lines.
This is not used with polygons.

Cancel

o= -~

Help

Figure35: Densifying vertices in coastline data

11. extract vertices from the densified coastline GPKG laygesult for Italy is visible orFFigure
37, point coloring willmost certainlybe different):
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a. gotoVector ' Geometry Tool s Extract
b. in a new dialog windowHKigure36), under thelnput layerdropdown (marked with
in Figure 36) choose the previously created layer with densified coastline

vertices Coastline-aoi-densified.gpkg

c. after clicking on the threedots-button (  in Figure36) and choosingSa v e a,s
define the name and storage location forthe output point layer (for name, use
coastlineverticesgpkg choose GPKG as filetype)

d. click the Runbutton to start the algorithm(  in Figure36)

() Extract vertices b
» -
Parameters | Log Extract vertices
I E7ET This algorithm takes a line or polygon layer and
/" coastine-aoi-densified [EPSG:4326] = @@ ‘k . generates a point layer with points representing
the vertices in the input lines or polygons. The
Selected features only attributes associated to each point are the same
Vertices ones associated to the line or polygon that the
t belongs to.
= g
tional fields are added to the point indicating
I"' Open output file after running 3'9”””"“' the vertex index (beginning at 0), the vertex's
part and its index within the part (as wel as its
e ring for polygons), distance along original
aenmetry and hisector anale of vertex for %
| 0% Cancel
Run as Batch Process... o Close Help

Figure36: Extracting vertices from the densified coastline data

@ *IMAP CI25 manual — QGIS - o x
Project Edt View Layer Settngs Plugns Vector Raster Database Web Mesh Processng Hep

DNEBERRY VSLLRAPPO L a@ LI & N-N-G-0 RN E-2m-> A5
L LAY AY % / = G o Q@ 2 -

SVME_—Ex Y ®
OFrre=a%

LW ad BEney es ¥ S i e 3 el = " Processing Toobox B
o QST ®XO = “idOF X
'() Favorites Search
» |7 Spatial Bookmarks » (O Recently used
@() » ‘»’ :f:’]:ed Home ) » @ Cartography
' o * @ Database
,ﬂ » [J C:\ (Windows-SSD) o * Q File tools
» [1 G:\ (Google Drive) » Q GPS
/f @ GeoPackage e e » @ Inter
8 o ' 2] polation
& / Spatialite - N b y » O laver tank
% Layers o® |/ ¥ g Search QMS L
Q- BETE BAL Search sting
- coastline-vertices 4 Fiter by extent Al ¥
@ v — coastline-aoi-densified Last used:
coastline-aoi
% s < A Est World Imagery o\ 14
P v aoi b
(\[3 * v ¥ OSM Standard W Esri World Imagery o ik
! = TMS detais, report a
..... i B Aecid e Add |~
' e - Fresh geodata for your project
T +K) Coordinate 5092700,2805809 ¥ Scale:13033201 -~ @ Magpifier| 100% < Rotation 0.0 ° T v Render ®EPSG:3035 @

Figure37: Extracted vertices from the densified coastline data (example for Italy)

12. create three buffers (300 m, 1 km, and 10 km) around each extracted vertex the
coastline-vertices.gpkglayer.

a. gotovect or ' Sh@rmpea (To oLisdefeléps, and dick on theRun
as Batch Procesdutton in the new dialog window (higighted in Figure38)

b. clicktwiceonthe &= button that is marked with  in Figure39

c. in all three dropdowns higlighted with in Figure 39 select the coastline-
vertices.gpkgas an Input layer

d. forShapetypes el ect 0 PiofFigurg3®n o (

e. for the Semimajor axisand SemHminor axisenter values as shownin Figure 39
(the first is 300, the second is 1000, and the third is 10000 marked with )

f. forRadiusunitss el ect 0O MreRgere38)6 (
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g. forthe Number ofdrawing segmentsapproximate)enter 64 ( in Figure39)

h. inthe Output layercolumn (marked with  in Figure40), define namesand storage
locations for output buffer layers for names, use buffer-300m.gpkg, buffer-
1km.gpkg and buffer-10km.gpkg, choose GPKG as filetypd)y clicking on the
correspondingthree-dots-buttons while taking care that layer names correspond to
Semimajor axisand Semiminor axisvalues(marked with  in Figure39)

i. tick the Load layers on completiomption (  in Figure40)

j. finally, click the Runbutton to start buffer creation ( in Figure40)

(@ Create ellipse X

Parameters | Log

Input layer
coastline-vertices [EP5G:4326] i @;ﬁ] ‘& .
Selected features only

Shape type

Polygon -

Semi-major axis

40,000000 SEE=N

| 0% Cancel

| Run as Batch Process... | Run || Close Help

@ Batch Processing - Create ellipse x
Panrs Log
a
Input layer Shape type Semi-major axis Semi-minor axis Orientation of axis Radius units drawing segments (ap| geometr
il Autofil... . Autofil... i Autofil... . Autofil... . Autofil... | Autofil... . Autofil... i AL
2| o coastine-vertices ~ ‘“ﬁ .._|Palygon - 1300,000004 5| 4=L 300,00000€ 3| 4= §0,000000 2| & Meters - 164 @ |2 No
3| . coastine-vertices ~ ‘“ﬁ .._|Palygon - | 1000,000t4 %] 4=, 1000,000( 3| 4=, §0,000000 2| =L Meters - |64 @ |2 No
4| " coastline-vertices ~ | "+ ....JPolygon - 110000,000 =| 4=, |10000,000@ |+ = §0,000000 |+ = |Meters - |64 @ 2 No
1 13
Load layers on completion
‘ 0% Cancel
Run as Single Process... | Run || Close Help

Figure39: Creating 300 m, 1 km, and 10 km buffers around every extracted vertex from the densifiec
coastline data (1)

(2 Batch Processing - Create ellipse X

Parameters | Log

& = B

T axis Semi-minor axis Orientation of axis Radius units drawing segments (ap geometry fields to o Output layer

1. Autofil... . Autofil... . Autofil... . Autofil... . Autofil... Autofil... 11
2| 12| €= |300,00000 |2 4= |0,000000 :| € | Meters - 64 @ |*|No - /buffer-300m.gpkg

3| || 45 |1000,0000€ |3 45, |0,000000 3| = | Meters - 64 @ 3| No - /buffer-1km.gpkg |
4| = 4=//10000,000 € |+ 4= 0.000000 +| | Meters v 64 @ |2 No v /buffer-10km.gpkg ‘

[ b

l\f Load layers on cumplet\unl

e 0% Cancel
Run as Single Process... e Close Help

Figure40: Creating 300 m, 1 km, and 10 km buffers around every extracted vertex from the densifiec
coastline data (2)
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13. dissolve 300 m, 1 km, and 10 km buffers

a. gotoVect or Geopr oc es s,andgicklon thd Rein as Baihh s s o | v €
Processbutton in the new dialog window (higlighted in Figure41)

b. click twice on the =& button that is marked with  in Figure42

c. in the Input layercolumn (marked with  in Figure42), select three prevously
created buffer layers luffer-300m.gpkg, buffer-lkm.gpkg, and buffer-10km.gpkg)

d. in the Dissolvedcolumn, for each layer click on the threelots-button and define the
name and storage location for eacteyer(for name,use buffer-300m-dissoved.gpkg
buffer-lkm-dissolved.gpkg and buffer-10km-dissolved.gpkg choose GPKG as
filetype) while taking care that layer names ithe Input layercolumn carespond to
names inthe Dissolvedcolumn (marked with  in Figure42)

e.tick the oOLoad | ayer inFigue4d2d ompl et i ondé opti

f.  finally, click the Run button to startthe dissolving algorithm(  in Figure42)

() Dissolve x

Parameters | Log Dissolve

Input layer This algorithm takes a vector layer and combines

9 buffer-1km [EPSG:4326] = @,“3 ‘% ....|| |therr features into new features. One or more
attributes can be specified to dissolve features
Selected features only belonging to the same dass (having the same
Dissolve field(s) [optional] value for the specified attrbutes), alternatively all
features can be dissolved in a single one.

0 options selected
N All output geometries wil be converted to muli
Dissolved geometries. In case the input is a polygon layer,
[Create temporary layer] .|| |common boundaries of adjacent polygons being
dissolved wil get erased.
¥| Open output file after running algorithm

| 0% Cancel

Run as Batch Process... | Run || Close Help

Figure41: Switching from singleprocessing to batchprocessing dissolving

() Batch Processing - Dissolve X
Par: s | Log
= 8
Input layer Dissolve field(s) Dissolved
1 Autofil... . Autofil... Autofil..
2| & buffer-300m [EPSG:4326 ~ ‘Q ....Joptions selected| | ... /buffer-300m-dissolved.gpkg
3| 9 buffer-ikm [EPSG:4326] ~ ‘mﬁ ... Joptions selected| | ... /buffer-1km-dissolved.gpkg
4| 0 buffer-10km [EPSG:4326 = | 3. | ....Joptions selected| | ... /buffer-10km-dissolved.gpkg

[v Load layers on cumpletionl

p 0% Cancel
Run as Single Process... e Close Help

Figure42: Dissolving 300 m, 1 km, and 10 km buffers

14. create spatial differences from previously created dissolved buffersto generate
300 6 1000 m and 1 & 10 km strips:

a. gotovect or ' Ge o p r dDiferensed andclick ondhieBun as Batch
Processbutton in the new dialog window (higighted in Figure43)

b. clickonce onthe &k button that is marked with  in Figure44

c. if in dropdowns inthe Input layerand Overlay layecolumns you choosdghe same
layers as inFigure 44 (marked with ), the upper command will producea
300 0 1000 m coastal strip, and lower a 18 10 km one

d. inthe Difference column( in Figure44), define names andstorage location for
each output layer byclicking on threedot-buttons (name upper layer wittstrip_300-
1000m.gpkg and lower withstrip_1-10km.gpkg, choose GPKG as filetype




e.tick the oOoOLoad | ayer inFigueddd ompl eti ond opti
f.  finally, click theRun button to start the creation ofthe spatial differencelayer( in
Figure44)
@ Difference X
Parameters | Log ! Difference
ey . This algorithm extracts features from the Input
(2 buffer-10km-dissolved [EPSG:4326] -2 @3 “& o layer that fall outside, or partialy overlap, features
in the Overlay layer. Input layer features that
Selected features only partialy overlap feature(s) in the Overlay layer are
Overlay layer splt along those features’ boundary and only the
G2 buffer 40k disolved [EPSG:4326] . @33 ‘& - E:g:zg;cutyde the Overlay layer features are
Selected features only Attributes are not modified, although properties
: h length of the features wil b
Bifem: rs'nucfdifi:d abrffihoer ;Pfgrenoce o:efaati;lrfslf:ucﬁ
[Create temporary layer] properties are stored as attrbutes, those
@ 1 @ T 2l Moy i attributes wil have to be manually updated.
| 0% Cancel
Con Lo |
Figure43: Switching from singleprocessing to batchprocessing spatial difference creation
(@ Batch Processing - Difference x
Par: Log
] =]
Input layer Overlay layer Difference
1 Autofil... . Autofil... i Autofil...
2| buffer-tkm-dissolved [EPSG:4326] - | “%,  ....| 02 buffer-300m-dissolved [EPSG:4326] ~ | "%, | ... /strip_300-1000m.gpkg
3| © buffer-10km-dissolved [EPSG:4326] = | . | ....| O buffer-tkm-dissolved [EPSG:43261  ~ | % | ... /strip_1-10km.apkg
I\I Load layers on comp\et\unl
p 0% Cancel
Run as Sngle Process... e Close Help
Figure44: Creating 3006 1000 m and 1 6 10 km strips
15. merge two layers created inthe previous step (strip_300-1000m.gpkg and strip_1-
10km.gpkg) and dissolved 300 m buffer from step 7 layerbuffer-300m-dissoved.gpkg:
a. gotovVect or ' Data Management Tool s Mer ge

b. in a new dialog windowRigure45) click on the threedots-button (marked with )

c. in a new window Figure46) tick three layers that have to be mergedstrip_300-
1000m.gpkg, strip_1-10km.gpkg, and buffer-300m-dissolved.gpkg as is marked
with  in Figure46) and click theOKbutton (marked with  in Figure46)

d. define a storage location and name for the output layer by clicking on the three
dots-button marked with  on Figure45 and choosingS a v e  a fanteit with é
coastalstrips.gpkg

e. finally, click theRunbutton to start merging layers (marked with in Figure45)

16. import administrative units data downloaded from OSldoundary (geojson.gzfile, the
filename is starting withyeOSMB®AYXdi na@Q6F S ' by
L a y eandé&hen follow the same steps as when importing coastline dat&igure31), or
just drag&drop downloaded file into QGIS (after importing administrative units, map view in
QGIS should look like the one oRigure47; if needed, draw order of different layers could
be changed by changi ng | aiagerspaseldphe §irst layeram
the Layerspanel will be on top of other layers in the QGIS map view)

(dr ac




() Merge Vector Layers

Parameters | Log

»
Merge vector layers

Input layers

3 inputs selected

i algorithm combines multiple vector layers of
ame geometry type into a single one.

Destination CRS [optional]

The attribute table of the resulting layer wil
contain the fields from all input layers. If fields
with the same name but different types are

Merged
[coastalstrips.gpkg

found then the exported field wil be
matically converted into a string type field.
fields storing the original layer name and

v Open output file after running algorthm

source are also added.

If any input layers contain Z or M values, then
the output layer wil also contain these values.
Similarty, if any of the input layers are mult-part,
the output layer wil also be a multi-part layer.

Optionally, the destination coordinate reference
system (CRS) for the merged layer can be set.

0% Cancel
Run as Batch Process... e Close Help
Figure45: Merging 06 300 m, 300 6 1000 m, and 1 & 10 km strips into a single layer
() Merge Vector Layers x

Parameters | Log

4| Input layers

v! buffer-300m-dissolved [EPSG:4326]
v strip_1-10km [EPSG:4326]
v/ strip_300-1000m [EPSG:4326]
301 |EPoG A326]
buffer-10km [EPSG:4326]

buffer-300m [EPSG:4326]
coastline-aoi [EPSG:4326]
coastine-aoi-densified [EPSG:4326]
coastlne-vertices [EPSG:4326]
ines [EPSG:4326]

| 0%

Run as Batch Process...

Select Al
Clear Selection

Toggle Selection

N
Merge vector layers

This algorithm combines multiple vector layers of
the same geometry type into a single one.

The attribute table of the resulting layer wil
contain the fields from all input layers. If fields
with the same name but different types are
found then the exported field wil be

buffer-10km-dissolved [EPSG:4326] | di field

| Add Fie(s)... automaticaly converted into a string type field.
buffer-1km [EPSG:4326] New fields storing the original layer name and
buffer-1km-dissolved [EPSG:4326] Add Directory... source are also added.

If any input layers contain Z or M values, then
the output layer wil also contain these values.
Simiarly, if any of the input layers are multi-part,
the output layer wil also be a mult-part layer.

Optionally, the destination coordinate reference
system (CRS) for the merged layer can be set. |~

Cancel

Run Close Help

17. extract only administrative units that are intersecting previously created coastal strijtesyer

coastalstrips.gpkg:
a. gotoVect or Research

Tool s ' Sel ect

by

28
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b. in a new dialog windowKigure48) in the Select features fromdropdown chmse
the previously importedgeojson.gile with administrative units data ( on Figure
48)

c. tick onlyintersectgeometric predicate ( on Figure48)

d. in the By comparing to the features frondropdown choose the coastal strips layer
(coastakstrips.gpkg  on Figure48)

e. clicking on the Run button ( on Figure48), select only those administrative units
that intersect (i.e. have any point/part in commonp this operation does not
produce any new data (selected polygons are by default settings colored with
yellow, as can been seeon Figure49)
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Figure47: QGIS map view after importing OShbundary administrative units data (example for Italy,
basemap: © OpenStreetMap contributors)

(& Select by location X

Parameters | Log Select by location
Select features from

This algorthm creates a selection in a vector layer.

(= OSMB-7ad3dae556df29aa76c6f1664c2b06009c6cbbc0.geojson [EPSG:4326] A | The criteria for selecting features is based on the
Where the features (geometric predicate) ?ep;ttlliler:‘ﬁ:‘g:?ﬁ;s:;ﬁ;z;ﬁw feature and the
= O (1)

contain averlap
disjoint are within
equal cross

By comparing to the features from

(% coastal-strips [EP5G:4326] ot @ﬁ] ‘% o]
Selected features only
Modify current selection by 6
creating new selection =
| 0% Cancel
Run as Batch Process... o . Run || Close Help

f. inthe Layerspanel, rightclick on the imported.geojson.gdayer with administrative
units in which administrative units that intersect coastal strips are selected and

clickontheEx por t ' Save Sel(kgared8)d Features Asé
g. in anew dialog window, under théormatd r opdown choose i@GeoPac
Figure50)

h. click on the threedots-button (  in Figure50) and define a storage location and
name for a new GeoPackage file (name file widldministrative-units.gpkg

i. underSelect fields to export and their exportoptionsnt i ck al |l fi el ds e x
0l ocal _named, ainfkgure50)r ane cliok andhe@Kbutton ( in
Figure50)
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Figure49: Extracting selected polygons (colored with yellow) from O®®undary administrative units date
(basemap: © OpenStreetMap contributors)

(2} Save Vector Layer as... X
B

IFormat  GeoPackage -|

Fie name \administrative-units.gpkg a | _|
Layer name inistrative-units |
(&

CRS ‘ EPS5G:4326 - WG5 84

Encoding UTF-8 -
v Save only selected features

v Select fields to export and their export options

Name Type Replace with displayed values
boundary  String

admin_level Integer | | Use Range

parents String

v name String

¥ local_name String e

v/ name_en  String

| Select Al [ Deselect Al |
Replace al selected raw field values by display: es
| Add saved fie to map I oK I| Cancel | Hep |

Figure50: Exporting selected administrative units in the new GeoPackage f

18. create an intersection between coastal strips andadministrative units produced in the
previous step, which will produce reporting units
a. gotoVect or '
b. in the new dialog windowFigure51) under the Input layerchoose the layer with
administrative units @dministrative-units.gpkg  on Figure51)
c. under the Overlay layechoose the layer with coastal stripscpastatstrips.gpkg
on Figure51)

O
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d. click on the threedots-button under Intersection(
F i |, and define a storage location and naméor a new GeoPackage file (name
file with reporting-units.gpkg

e. click the OKbutton (

on Figure51), chooseSave as

on Figure51) to initiate the creation d reporting units

(2 Intersection

Parameters | Log

Input layer
(= administrative-units [EPSG:4326]

Selected features only

QOverlay layer
(5 coastal-strips [EPSG:4326]

]

Selected features only

0 options selected

0 options selected

v Advanced Parameters

Overlay fields prefix [optional]

Input fields to keep (leave empty to keep al fields) [optional]

QOverlay fields to keep (leave empty to keep al fields) [optional]

" Intersection

This algorithm extracts the overlapping portions of
features in the Input and Overlay layers. Features
in the output Intersection layer are assigned the
attributes of the overlapping features from both
the Input and Overlay layers.

Intersection

i/reporting-units.gpkg

Run as Batch Process...

v Open output file after running algorithm

0%

Cancel

o Close Help

Figure51: Intersecting administrative units with coastal strips and thus producing reporting units

19. the final step is to clean attribute data in reporting units layergportingunits.gpkg:
a. open attribute tablefor the reportingunits.gpkglayer (right click on thereporting-
units.gpkglayer name in theLayerspanel and click on theOpen Attribute Table

b. enable layer editing by clicking on the icon marked with in Figure52

O=z8" =
- |=| & ||122

oj 9 name

| a |Tr\este
2 Trieste
3 Trieste
4 Udine
5 Udine
6 Udine

7 Trapani

alN o U AW N e

~|Show Al Features _

local_name name_en
Trieste Trieste
Trieste Trieste
Trieste Trieste
Udine NULL
Udine NULL
Udine NULL
Trapani NULL

() reporting-units — Features Total: 189, Filtered: 189, Selected: 0

sENRLTVELL EErE = =@

W N W N e

o o o o o o

fid_2 ve rtex_\ndeﬂertex_%

S o o o o o o

~ || Update Al || Update Selected

vertex_part_index distance angle

174.258492...
174.258492...
174.258492...
174.2584932...
174.258492...
174.258492...

c o o o o o o
S o o o o o o

174.258492...

buf
stri|
stril
buf
stri|
st

buf

c. createanew attribute withcoastal stri

0b1

the Field Calculatowindow fFigure53):
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0

Figure52: Editing attribute data for a vector layer
namesxO( M p10C0 0mMo,

p

k by élixking on theicon marked with

in Figure52, which will open

make sure that theCreate a new fieldoption is ticked, and that theOnly
update # selected featuresoption, if it is available, is untickedmarked with
in Figure53)

in the Output field namef i | e d

attribute (

n

t he

in Figure53)
Qut put

f

enter

el

d

z

ostripo,

whi

t yimpFgurebB)o p d o wn
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iv. for the Output filednHigere58)t h f il ed ent e
v. inthe Expression window (marked with in Figure53), paste the following

expression:
CASE
WHEN "layer" ="' buffer - 300m dissolved 'THEN'0O - 300 m'
WHEN "layer” =" strip 300 -1000m T THEN '300 - 1000 m'
WHEN "layer" =" strip 1 -10kmi THEN'1L - 10 km'
ELSE 'ERROR'
END
vi. inthe area marked with inFigure53, | ook f or OdFialdser 6 it

and Value® group, click on it, click on theAll Uniquebutton (marked with
), and, if needed, replace underlined parts in the above expression with
corresponding items from thdist that was generated under theAll Unique
button (marked with )
vii. click on the OK button (marked with  in Figure53), which will close the
Field Calculatowi ndow and after which a new at
be created, and its values will be populated based on the above specified

expression
() reporting-units — Field Calculator P
l Only update 0 selected features' o
Update existing field

Create virtual field

Output field name |strip

Output field type | Text (string) -

Output field length |30 @ :IP@ 3

Expression | Function Editor

6o

f|[=] &L 2 Search... Show Values| | group field =
CASE [~ Fields and Values = . )
rer” 00 0 - 300 m' NULL Double-ch;kto a;id field name
1000 m" 123 fid to expression string.

abe name Right-Click o.n field name EO

abe |ocal_name

abc name_en e Values W Search...

1 fd_2 All Unigque 10 Samples

123 yertex_index

123 yertex_part buffer-300m-dissolved
. ~ . strip_1-10km
=+ -0~ lnlc))|w > ;;En"c—:m—'”de" strip_300-1000m 0
Feature | Aristanis/Oristano = » 12 angle
Preveve 0 - 300

@ You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit mode wil automatically be turned on.

O] o= | w

Figure53: Cr eating a new O0stri pd a tFieldCakwatoevindow d

d some attribute values in the Oname_enod6 at
should be copied from the onamedé or the 0
I. again,open theField Calculatowindow by clicking on thécon marked with
in Figure52
ii. tick the Update existing fieldoption (marked with  in Figure 54), and
make sure thatthe Only update # selected featuresption (marked with
in Figure54), if it is available, is unticked
ii. in adropdown that is marked with inFigure54, choose Oname _en
iv. in the expression windowmarked with ), enter the following expression:

/\/\/\ i




if(
"name_en" IS NOT NULL,

"name_en",
if(
"name" IS NOT NULL,
"name”,
"local_name"
)

)

v. click on the OK button (marked with ), which will close theField
Calculatorwi ndow and popul ate empty attri buf
attribute with the attribute values f
attribute, as specified in above expression

(o] reporting-units — Field Calculator *
| [ Only update 0 selected features | 9
Create a new field l v Update existing fieldl o

i Create virtual field

[ Output field name
I-b-: name_en vI
Qutput field type | Whole number (integer)

| | Output field length | 0 Precision |3 B
|

Expression = Function Editor

] L Q Search... Show Help

if ( row_number =
Aggregates

Arrays

Color

Conditionals

Conversions

Date and Time

Fields and Values

Files and Paths

Fuzzy Matching

General

Geometry

Map Layers

Maps

Math

Operators

Rasters

Record and Attrbutes -

e Cancel Help

Figure54: Updating the o0l ocal named dield Calchlatotwmdob y

& n" IS NOT NULL,

n en",
"name" IS5 NOT NULL, o

"nams",

"local names"

= [ LA A JaCdD Jow

Feature | Aristanis/Oristano o [

Preview: 'Aristanis/Oristano’

e. remove unnecessary attributes:
i. click on the iconmarked with  in Figure52
i. in a new window(Figure55) s el ect attributes oOfi
vertex_parto, overtex_part_indexo,
(as marked with )
iii. click on the OK button (marked with in Figure 55) which will delete
selected attributes and their values from the attribute table
f. finally, click onthe [} icon(marked with inFigure52)to save all changeghat
have been donein the reporting-units.gpkg layer, and click on the icon
(marked with  in Figure52) to disable layer editing

oo
Q|
-
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e I OK I Cancel

Figure55: Selecting attributes that are about to be deleted

After this processingthe only layers that can be left in QGIS araoi.gpkg coastline-aoi.gpkg
administrative-units.gpkg reportingunits.gpkg and basemap imported with the QuickMapServices
plugin. All other layers may be removed from the QGIS project by rgitking on each of themin
the Layerspaneland then clickingontheR e mo v e ltisalse rec@mmended to savéhe QGIS
project file (it has a QGZ extensionfrom time to time by going toF i | e ' AS alreadye
discussed, rote that inthe QGIS project file no raster or vector data is stored, it only stores locations
of corresponding filesthat are storedin the computer storage Always be sure to retain relative
location on thecomputer storagebetweenthe QGIS project file and files that are imported o the
QGIS projectAll data that are not necessaryfor further processingcan be deleted from the
computer storage

3.4 Preparing other data

Reporting units that are created irthe previous chapter will be used for aggregating LC/LU and
elevation data, and data on protected areas. In this chapteihese data will be prepared for their
further processing and aggregation.

3.4.1 Preparing LC/LU data

All steps in this chapter, as opposed to steps the previous chapterwith the creation of reporting
units, need to bedone twice, for both years that are chosen fothe indicator calculation.In the
chapters below, the processing of the ESA WCP data for the year 202describedas these data
is proposed for the calculation of the CCI25 baseline data.

Downloaded ESA WCP GeoTIFF tiles can be imported in QGIS by gdingtper ' Add Layer
Rast er Inthkeyew d@alog windowKigure56) click on the threedots-button ( in Figure

56), locate and select the ESA WCP GeoTIFF tile(s) that has to be imported, and finally import it by
clicking theOKbutton (  in Figure56). Make sure you have imported (and previously downloaded)

all ESA WCP raster tiles that overlap with the AOI, that is, more specifically, with created reporting

units.
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() Data Source Manager | Raster %

B Browser “ Source Type
. g Vector * Fle ' Protocol: HTTP(S), coud, etc.

| '_} Raster
. Source
=% Mesh
' Raster dataset(s) ESA_WWIdCu\'er_1E'm_202I_VZE'U_-‘MZEOIS_Hap.lIF | G
« Pont Cloud - —
o Delimited Text ortoss o
"t 34 GeoPackage Consult GTiff driver help page for detaled explanations on options
NUM_THREADS
"m
+ GPS
GEOTIFF_KEYS_FLAVOR | <Default> -
7 Soarlke GEOREF_SOURCES
g PostoresQL SPARSE_OK <Defaut> -

Close I Add I Help

If only one raster tile is imported into QGI$he following steps can be skippedOtherwise,all

imported rastersfrom each yearshould be merged (i.e. mosaicked) into ongo that they can be
processedjointly. Regular mosaickingRa st er ' Mi s c e | |)ereatescaicampletelyMe r g e €
new rasterwhich will, in this case, duplicate original data and unnecessarily take additional storage

space. Another mosaicking approachs to create a socalled virtual raster. A virtual raster only

points to the original raster data, it takes almost none of the storage space and is in QGIS treated

as a regular raster. To create a virtual raster that consists of mdESA WCRaster tiles, folbw these

steps:

1. gotoRaster ' Mi scell aneous Build virtual ras
2. in a new dialog window Kigure 57), click on the threedots-button under Input layers
(marked with )
3. in a new window Figure58) tick all ESA WCHPaster tiles from one year (exampldor the
year 2021 marked with )
click on theOKbutton (marked with  in Figure58)
5. after clicking on the threedots-button marked with  in Figure57 and choosingSave as
F i |, define the storage location and naméor the virtual raster that is about to be created
(for name, useESA WCRyear>.vrt, replace<year>with the corresponding yeay
6. click the Runbutton to initiate the creation of a virtual raster ( in Figure57)

»
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Figure57: Merging all ESA WCP tiles into one virtual raster

Figure58: Selecting raster layers that will be merged into one virtual raster

To speed up processing in the next steps, we can create a new raster from previously imported ESA
WCP rasters or created virtual rasters in which all pixel values that are outside of reporting units
will be removed, that iwedseThitd ppEcopui @aties 0inro
We will also increase spatial resolution by 2 times to reduce errors in later calculations. We propose
the following workflow (separately for each year):
1. to determine the resolution or pixel size of a ESA WCP raster layer:
a. right click on one of the previously created virtual rasters in theayerspanel

b.
c. clickonP r o p e rintthe drgpdown menu
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