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CHAPTER

ONE

ISPRS EDUCATIONAL AND CAPACITY BUILDING INITIATIVE 2022

In the framework of the United Nations Sustainable Development Goals (UN SDGs), the support of geospatial data and
technologies has turned out to be critical for both the assessment and the monitoring of key indicators, revealing the
trajectory of our planet and society towards sustainability. The increasing availability of global open geospatial datasets
- above all the global high-resolution land cover (HRLC) datasets - opens newsworthy opportunities for the computation
and comparison of these indicators across different geographical regions as well as multiple spatial and temporal scales.
The added value of these datasets is tangible, especially for developing countries, where often such information is only
partially available from local authorities. Nevertheless, there are still several barriers to their proficient use due to the
lack of data management and processing capacity using proper Geographic Information Systems (GIS) software tools.

In view of the above, this project, supported by the Educational and Capacity Building Initiative 2022 of the Inter-
national Society of Photogrammetry and Remote Sensing (ISPRS), addresses the creation of open training material
covering the complete learning process of discovering, accessing and manipulating global open geospatial datasets for
computing SDG indicators, with a focus on those directly connected to marine and terrestrial ecosystems, urban envi-
ronment, and climate. To ensure the widest possible accessibility, the material primarily leverages the Free and Open
Source Software (FOSS) QGIS and it is released under a Creative Commons Attribution 4.0 License (CC BY 4.0).

1.1 Background

1.1.1 Introduction to United Nations Sustainable Development Goals

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in 2015, provides a
“shared blueprint for peace and prosperity for people and the planet, now and into the future”. At its core are the 17
Sustainable Development Goals (SDGs), which are an urgent call for action by both developed and developing countries
in a global partnership (Fig. 1.1.1.1). The 17 SDGs comprise 169 targets which can be tracked and monitored through
231 unique indicators. These indicators aim to balance the economic, social and ecological dimensions of sustainable
development, by means of measurable and comparable indexes1.

1 United Nations (2022). Global indicator framework for the Sustainable Development Goals and targets of the 2030 Agenda for Sustainable
Development. Global indicator framework adopted by the General Assembly in A/RES/71/313

1

https://sdgs.un.org/goals
https://www.un.org/geospatial/about/technologies
https://www.un.org/geospatial/about/technologies
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https://www.isprs.org/society/ecbi/default.aspx
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https://www.qgis.org
https://creativecommons.org/licenses/by/4.0
https://sdgs.un.org/2030agenda
https://sdgs.un.org/goals
https://sdgs.un.org/goals
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Fig. 1.1.1.1: Sustainable Development Goals. Source: https://www.un.org/en/sustainable-development-goals

1.1.2 Geospatial data and technologies for SDGs

Despite the development of the Global SDG framework was originally based on traditional statistical data1, many statis-
tical offices and governmental agencies have recognised the need for geospatial data to augment non-spatial information
and provide new and consistent data sources, which are critical to SDGs monitoring. In fact, It has been estimated that
approximately 20% of the SDG indicators can be interpreted and measured either through the direct use of geospatial
data itself or through integration with complementing statistical data2. GIS, Earth observations and global-coverage
geospatial data provide an important link to enable consistent comparison among countries, provide granularity and
disaggregation of the indicators and communicate their geographic dimensions3.

Key global geospatial data products that cover major thematic areas of the biosphere and society (e.g. land cover,
vegetation productivity, forests, wetlands, surface water, human settlements, etc.) are strongly supporting the method-
ological development and measurement of a number of SDG indicators. Generally, national or local geospatial data
provide (where available) a higher spatial and temporal resolution than coarser global products and - in turn - better
capabilities for accurate monitoring of SDG indicators. However, the uneven availability of such data often prevents
consistent assessment of SDGs’ progress across countries worldwide. In this context, the use of open global geospa-
tial datasets represents a quick, efficient and cost-effective solution to provide a first comprehensive assessment before
national data is produced and analyzed4.

1 United Nations (2017). Resolution adopted by the General Assembly on 6 July 2017. Technical Report A/RES/71/313.
2 Inter-Agency and Expert Group on the Sustainable Development Goal Indicators (2019). WORKING GROUP ON GEOSPATIAL INFORMA-

TION Terms of Reference.
3 Carter, S. L., Herold, M. (2019). Specifications of land cover datasets for SDG indicator monitoring.
4 European Space Agency (2020). Compendium of Earth Observation contributions to the SDG Targets and Indicator.
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1.2 Data

1.2.1 Global High-resolution Land Cover datasets

A notable class of key global geospatial products, which plays a major role in many SDGs, is the class of high-resolution
global land cover (HRLC) maps1. The land cover stands for all the geospatial information describing the physical and
biological cover of the Earth’s surface. Land cover data products at high spatial resolution have a critical role in many
scientific and policy-making applications, including climate modeling, natural resources management, landscape and
biodiversity preservation, urbanization monitoring, and spatial demography. In the last two decades, the advancement
of satellite land Remote Sensing as well as the availability of global coverage satellite imagery with high temporal res-
olution - available as free and openly-licensed data - have significantly promoted international coordination in SDGs
monitoring and favored production, access and usability of global and multi-temporal HRLC data products. Accord-
ingly, it has been assessed that currently available open and global HRLC data could potentially be exclusively used for
measuring indicators from four of the SDGs (i.e. 6 Clean water and sanitation, 13 Climate action, 14 Life below water,
15 Life on land), and could be used to complement other data types for four other goals (2 Zero hunger, 9 Industry,
innovation and infrastructure, 11 Sustainable cities and communities, 12 Responsible consumption and production)2.
A comprehensive list of SDG indicators to which global HRLC data as well as geospatial information in general have
a direct contribution is provided here.

This enhanced global HRLC data availability has led to a wealth of studies, applications and methodology guidelines
connected to the use of such data in SDG indicators computing and monitoring3. Relevant examples in the literature
include the analysis of land-cover efficiency4, land consumption rate, and forest cover5, which are key thematic variables
e.g. for SDG 15 and 11.

Open and global HRLC data provide different temporal coverages, spatial resolutions, thematic details (or classes),
and accuracies. Therefore, the suitability (fit-for-purpose) of global HRLC data for each specific SDG indicator has to
be assessed case by case. According to the literature6 fit-for-purpose global HRLC data should be characterized by a
minimum spatial resolution of 1 km and a minimum temporal resolution of 3 to 5 years. The thematic detail is instead
indicator-specific. Finally, the accuracy of global HRLC data generally varies across the globe and local validation is
strongly suggested depending on study areas and the user-expected accuracy performances.

Some of the most popular and mature, openly available, fit-for-purpose global HRLC datasets are reported and detailed
in Table 1.2.1.1.

1 Bratic, G., Vavassori, A., and Brovelli, M. A. (2021). Review of High-Resolution Global Land Cover. Int. Arch. Photogramm. Remote Sens.
Spatial Inf. Sci., XLIII-B4-2021, 175–182.

2 Romijn, E., Herold, M., Mora, B., Briggs, F., Seifert, F.M., Paganini, M. (2016). Monitoring progress towards Sustainable Development Goals
The role of land monitoring.

3 UN-GGIM (2021). SDGs Geospatial Roadmap.
4 Estoque, R. C., Ooba, M., Togawa, T., Hijioka, Y., & Murayama, Y. (2021). Monitoring global land-use efficiency in the context of the UN

2030 Agenda for Sustainable Development. Habitat International, 115, 102403.
5 Sayer, J., et al. (2019). SDG 15 Life on land–the central role of forests in sustainable development. In: Sustainable development goals: their

impacts on forest and people (pp. 482-509). Cambridge University Press.
6 Carter, S. L., Herold, M. (2019). Specifications of land cover datasets for SDG indicator monitoring.
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Table 1.2.1.1: Selection of most popular and mature open global HRLC
datasets suitable for SDG indicators computation

Global HRLC
Dataset

Tem-
poral
Cover-
age

Spatial
Resolu-
tion

Thematic detail Notes

GlobeLand30 2000,
2010,
2020

30 m 10 main classes: Cultivated land, Forest, Grass-
land, Shrubland, Wetland, Water bodies, Tundra,
Artificial surfaces, Bare land and Permanent snow
and ice

-Provider: Na-
tional Geomatics
Center of China -
Access: http://www.
globeland30.org
(login requested)
-CRS: WGS84 -
UTM projection
-Format: raster

Finer Res-
olution
Observation
and Monitor-
ing of Global
Land Cover
(FROM-GLC)

2010,
2015,
2017

30 m 10 main classes: Cropland, Forest, Grass, Shrub,
Wetland, Water, Tundra, Impervious, Bare land,
and Snow/Ice

-Provider: Univer-
sity of Tsinghua
-Access: http://data.
ess.tsinghua.edu.cn
(login requested)
-CRS: WGS84
-Format: raster

Copernicus
Global Land
Cover

2015-
2019
(every
year)

100 m 10 main classes (cover fractions): Forests, Shrub-
land, Herbaceous vegetation, Moss & Lichen,
Bare / Sparse vegetation, Cropland, Built-up,
Snow & Ice, Seasonal inland water and Perma-
nent inland water. 23 classes aligned with UN-
FAO’s Land Cover Classification System (https:
//www.fao.org/3/x0596e/x0596e00.htm)

-Provider: Coperni-
cus Land Monitor-
ing Service -Access:
https://lcviewer.
vito.be/about (login
requested) -CRS:
WGS84 -Format:
raster

ESA-CCI-LC 1992-
present
(every
year)

300 m 22 classes aligned with UN-FAO’s Land Cover
Classification System

-Provider: ESA
Climate Change Ini-
tiative -Access: a)
https://cds.climate.
copernicus.eu/
cdsapp#!/dataset/
satellite-land-cover?
tab-form (login
requested) b)
http://maps.elie.ucl.
ac.be/CCI/viewer/
download.php
(login requested)
-CRS: WGS84
/ Plate Carree
-Format: raster
(NetCDF)

The Terra
and Aqua
combined
Moderate
Resolution
Imaging Spec-
troradiometer
(MODIS)
Land Cover
Type

2001-
present
(every
year)

500 m Multiple classes and classification schemas
(https://lpdaac.usgs.gov/documents/101/
MCD12_User_Guide_V6.pdf)

-Provider: United
States Geological
Survey -Access:
https://lpdaac.
usgs.gov/products/
mcd12q1v006
-CRS: MODIS
Sinusoidal (SR-
ORG:6974) -
Format: raster
(HDF4)

Global Hu-
man Settle-
ment built-up
surface (GHS-
BUILT-S)

1975-
2030
(every 5
years)

Up to
100 m
(3 arc
sec-
onds)

Built-up -Provider: Euro-
pean Commission,
Joint Research Cen-
tre -Access: https:
//ghsl.jrc.ec.europa.
eu/download.php?
ds-bu -CRS: Moll-
weide -Format:
raster

Freshwater
Ecosystems
Explorer

2000-
2018

Up to
300 m

Permanent and seasonal surface water, Reservoir,
Wetlands, Mangroves

-Provider: UN
Environment -
Access: https:
//www.sdg661.app/
downloads -CRS:
WGS84 -Format:
raster
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http://www.globeland30.org
http://www.globeland30.org
http://data.ess.tsinghua.edu.cn
http://data.ess.tsinghua.edu.cn
https://www.fao.org/3/x0596e/x0596e00.htm
https://www.fao.org/3/x0596e/x0596e00.htm
https://lcviewer.vito.be/about
https://lcviewer.vito.be/about
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-land-cover?tab-form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-land-cover?tab-form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-land-cover?tab-form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-land-cover?tab-form
https://cds.climate.copernicus.eu/cdsapp#!/dataset/satellite-land-cover?tab-form
http://maps.elie.ucl.ac.be/CCI/viewer/download.php
http://maps.elie.ucl.ac.be/CCI/viewer/download.php
http://maps.elie.ucl.ac.be/CCI/viewer/download.php
https://lpdaac.usgs.gov/documents/101/MCD12_User_Guide_V6.pdf
https://lpdaac.usgs.gov/documents/101/MCD12_User_Guide_V6.pdf
https://lpdaac.usgs.gov/products/mcd12q1v006
https://lpdaac.usgs.gov/products/mcd12q1v006
https://lpdaac.usgs.gov/products/mcd12q1v006
https://ghsl.jrc.ec.europa.eu/download.php?ds-bu
https://ghsl.jrc.ec.europa.eu/download.php?ds-bu
https://ghsl.jrc.ec.europa.eu/download.php?ds-bu
https://ghsl.jrc.ec.europa.eu/download.php?ds-bu
https://www.sdg661.app/downloads
https://www.sdg661.app/downloads
https://www.sdg661.app/downloads
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1.2.2 Other relevant global geospatial datasets for SDGs

Global HRLC data are also used in combination with complementary global geospatial information demonstrating their
capabilities of directly supporting the computation of indicators e.g. from SDG 21, 62, and 93.

Actually, land cover is only one of the Global Fundamental Geospatial Data Themes to SDGs identified by the United
Nations. These Fundamental Themes include a variety of geospatial datasets which are necessary to spatially repre-
sent key phenomena and objects for the realization of economic, social, and environmental targets identified by the
SDGs. These datasets include - among others - demography, soil/vegetation parameters, administrative boundaries,
infrastructures, transport networks, 2D/3D topographic maps, water bodies, etc.

The suitability (fit-for-purpose) of complementary global geospatial datasets is difficult to assess globally for each
specific SDG indicator or country. Spatial and temporal resolutions, thematic details and accuracies should be evaluated
case-by-case, using recommendations valid also for the global HRLC data, and their use should be functional to the
provision of baseline data in support of national SDGs reporting.

Table 1.2.2.1 contains information on popular global open geospatial datasets which might be employed in combination
with global HRLC data for the computation of land cover-connected SDG indicators.

1 Radwan, T. M., Blackburn, G. A., Whyatt, J. D., & Atkinson, P. M. (2021). Global land cover trajectories and transitions. Scientific reports,
11(1), 1-16.

2 Ilie, C. M., Brovelli, M. A., & Coetzee, S. (2019). Monitoring SDG 9 with Global Open Data and Open Software–A Case Study from Rural
Tanzania. Int. Arch. Photogramm. Remote Sens. Spatial Inf. Sci., XLII-2/W13, 1551-1558.

3 Mulligan, M., van Soesbergen, A., Hole, D. G., Brooks, T. M., Burke, S., & Hutton, J. (2020). Mapping nature’s contribution to SDG 6 and
implications for other SDGs at policy relevant scales. Remote Sensing of Environment, 239, 111671.
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Table 1.2.2.1: Selection of popular global open geospatial datasets, com-
plementary to global HRLC data, relevant to SDG indicators computation

Global HRLC
Dataset

Tem-
poral
Cover-
age

Spatial
Resolu-
tion

Thematic detail Notes

World Bank
Official
Boundaries

Annual / Administrative boundaries (and polygons) in-
cluding international boundaries, disputed areas,
coastlines, lakes

-Provider: World
Bank -Access:
https://datacatalog.
worldbank.org/
search/dataset/
0038272 -CRS:
WGS84 -Format:
vector

WorldPop
Population
Counts

2000-
2020
(every
year)

Up to
100 m
(3 arc
sec-
onds)

Population -Provider: World-
Pop - University
of Southampton
-Access: https:
//hub.worldpop.org/
project/categories?
id=3 -CRS: WGS84
-Format: raster
(Geotiff, ASCII
XYZ)

Global Hu-
man Set-
tlement
population
(GHS-POP)

1975-
2030
(every 5
years)

Up to
100 m
(3 arc
sec-
onds)

Population -Provider: Euro-
pean Commission,
Joint Research Cen-
tre -Access: https:
//ghsl.jrc.ec.europa.
eu/download.php?
ds=pop -CRS:
Mollweide -Format:
raster

GHS Ur-
ban Centre
Database
(GHS-UCDB)

2015,
2019

1 km (30
arc sec-
onds)

Urban centers polygons -Provider: Euro-
pean Commission,
Joint Research Cen-
tre -Access: https:
//ghsl.jrc.ec.europa.
eu/download.php?
ds=ucdb -CRS:
Mollweide -Format:
vector (GeoPack-
age)

Open-
StreetMap

/ / Multiple (including transport networks) -Provider: Open-
StreetMap -Access:
https://www.
openstreetmap.org
(provider’s portal,
login requested);
http://download.
geofabrik.de; https:
//overpass-turbo.eu
(additional
providers) -CRS:
WGS84 -Format:
vector6 Chapter 1. ISPRS Educational and Capacity Building Initiative 2022

https://datacatalog.worldbank.org/search/dataset/0038272
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1.3 Tools

1.3.1 QGIS

Among the available free and open-source GIS software, QGIS is the most popular and widely used desktop GIS
application. The development of QGIS (formerly Quantum GIS) started in early 2002 and it is still ongoing thanks to the
collaborative effort of a large community of developers and users, under the advocacy of the Open Source Geospatial
Foundation (OSGeo). QGIS runs on Unix, MacOSX, and Microsoft Windows operating systems. The software is
periodically updated through regular releases and bug fixes from volunteer developers coordinated by the QGIS project
board. QGIS provides a user-friendly graphical user interface (Fig. 1.3.1.1) and it supports a variety of data types and
formats as well as connection to online GIS resources through OGC service. Many functionalities for map creation and
spatial data analysis are integrated into QGIS and can be accessed directly from the software interface. The possibility
of accessing the source code allows for adapting the software as needed for specific GIS tasks. Furthermore, QGIS
integrates with other free and open-source GIS packages that enable users to extend the capabilities of the software
also without any programming skill. QGIS software can be downloaded from the official QGIS website by selecting
among the available installation packages the one for your operative system. It is always suggested to work with the
Long Term Release (LTR) version of the software which is the current stable and best-maintained release of QGIS.

Fig. 1.3.1.1: QGIS main graphical user interface with logo

Important: The reference version for this webbook is QGIS 3.22. You can download and install QGIS on your
computer to develop the hands-on exercises proposed in the next section (the QGIS LTR version is suggested).
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https://docs.qgis.org/3.16/en/docs/index.html
https://www.osgeo.org
https://www.osgeo.org
https://www.qgis.org/en/site/getinvolved/governance/governance.html
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https://www.ogc.org/
https://docs.qgis.org/3.16/en/docs/user_manual/processing/3rdParty.html
https://qgis.org
https://qgis.org/en/site/forusers/download.html
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1.3.2 Key QGIS functionalities for SDG indicators computation

QGIS provides thousands of functionalities and plugins to manipulate and analyze geospatial data. For the computation
of SDG indicators using global geospatial datasets, a few key functionalities are needed. A selection of the most relevant
ones is reported in Table 1.3.2.1. The full set of QGIS functionalities can be found in the official QGIS User Guide.

Table 1.3.2.1: Selection of QGIS functionalities for SDG indicators com-
putation

Function Description Link
Vector and raster data import, co-
ordinate reference system manage-
ment and layer symbology

Basic QGIS operations for data I/O
and map visualization

https://docs.qgis.org/3.
22/en/docs/user_manual/
introduction/getting_started.html#
sample-session-loading-raster-and-vector-layers

Vector feature selections Selection/extraction of data subsets
from vector layers based on user-
selected rules

https://docs.qgis.org/3.
22/en/docs/user_manual/
introduction/general_tools.html#
interacting-with-features

Vector attribute table manipulation Editing tools for vector layers at-
tribute table

https://docs.qgis.org/3.22/en/docs/
user_manual/working_with_vector/
attribute_table.html

Vector geoprocessing Geometry processing functionalities
for vector layers

https://docs.qgis.org/3.22/en/docs/
user_manual/processing_algs/
gdal/vectorgeoprocessing.html#
vector-geoprocessing

Raster layer clip Subsetting functionalities for raster
datasets

https://docs.qgis.org/3.22/
en/docs/training_manual/
processing/cutting_merging.
html?highlight=raster#
clipping-and-merging-raster-layers

Raster calculator Computational tool for raster pixel
values

https://docs.qgis.org/3.22/en/
docs/user_manual/working_
with_raster/raster_analysis.html#
raster-calculator

Raster layer statistics Basic statistics extraction from
raster pixel values

https://docs.qgis.org/3.22/en/docs/
user_manual/processing_algs/
qgis/rasteranalysis.html?highlight=
raster%20stat#raster-layer-statistics

Zonal statistics Raster statistics spatially con-
strained to overlapping vector
layers

https://docs.qgis.org/3.22/en/docs/
user_manual/processing_algs/
qgis/rasteranalysis.html?highlight=
raster%20stat#zonal-statistics

1.4 Case studies

1.4.1 Forest area as a proportion of total land area [15.1.1]

In this exercise you will learn how to calculate the indicator 15.1.1 which is defined as the forest area as a proportion
of total land area, and is expressed in percentages. To learn more about this indicator read the metadata provided under
this link. The method of computation is given by the following formula:
Forest area (reference year)
Land area (reference year) * 100,

8 Chapter 1. ISPRS Educational and Capacity Building Initiative 2022
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thus we need to first define the region and reference year for which the indicator needs to be calculated. After that,
we need to estimate the forest area and land area of the region. In this case study we’ll be working on calculating the
indicator for Suriname for the reference year 2019.

The first step is to download the vector data of the countries in shapefile format from the WorldBank (Fig. 1.4.1.1). The
file contains polygons of all the world’s countries, and it will come useful in next exercises.

Fig. 1.4.1.1: Downloading page of the WorldBank

After downloading the file open QGIS and create a new project, to which add the new shapefile (Fig. 1.4.1.2).

Now we need to extract from the world’s map only the polygon of Suriname. To do so we will use the “Select Features
by Area or Single Click” and select Suriname as shown in Fig. 1.4.1.3.

After selecting Suriname we will want to create a new shapefile containing only this one polygon. To do so we need
to Save the selected features in our working directory and name it (Fig. 1.4.1.4). Make sure that the “Add saved file to
map” box is checked.

To better visualize the borders of Suriname, change the symbology of the layer. To do so, right click the “Suriname”
layer in the layer pane and select “Properties”. After that go to “Symbology” and change it so that the fill color is set
to “no brush”, the stroke color is of a bright, contrasting color, and the strike width is quite thick (Fig. 1.4.1.5).

Now that we have the Suriname polygon, which will serve us to derive the land area for the calculations, it’s time to
access the forest data. We will use the Global Land Cover data from https://lcviewer.vito.be/2015. After accessing the
website follow the instructions shown in Fig. 1.4.1.6 to retrieve the forest coverage raster file of the Suriname area.
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Fig. 1.4.1.2: Adding a vector layer to QGIS interface

Fig. 1.4.1.3: Selecting Suriname by area
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Fig. 1.4.1.4: Exporting selected features as a new layer

Fig. 1.4.1.5: Changing the symbology of the new Suriname.shp layer
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Fig. 1.4.1.6: Downloading forest data

After downloading the file, add it to the project by using the “Add Raster Layer” function, which you’ll access analo-
gously to the “Add Vector Layer” function presented before.

After adding the downloaded vector and the raster layer, the view of your project should be similar to the one shown in
Fig. 1.4.1.8.

To extract the forest areas of Suriname we need to clip the forest raster layer by mask as shown in Fig. 1.4.1.9.

The forest raster layer is a Fractional Cover layer, this means that it gives the percentage of a 100 m pixel that is filled
with forest. Pixels have values between 0 and 100, in steps of 1%. Since we just need the information whether the
forest is present or not, we will reclassify the layer using the Raster Calculator (Fig. 1.4.1.10). We’ll classify the pixels
with a value equal or bigger than 50% as forest (1) and the rest as no forest pixels (0).

After reclassifying the raster let’s change the symbology of the new layer for better visualization of the forest area. The
expected view after this operation should be as shown in Fig. 1.4.1.12.

Since the pixels representing the forest have the value of 1 the sum of all the pixel values will give us the number of
forest pixels in the raster file, and knowing the pixel’s size we can calculate the area of the forest in Suriname. To
calculate the sum of the pixels values we”ll use the “Zonal Statistics” tool (Fig. 1.4.1.13).

To organize the attribute table we can delete some of the unnecessary columns in the Suriname statistics layer (Fig.
1.4.1.14). It is not a mandatory step, but it provides a more clear view of the table and makes it easier to work with.
The “_sum” column is the result of applying the “Zonal statistics” tool in the previous step.

The last step is to finally calculate the indicator. We have all the required data in the “Suriname_stats” layer. We will
use the field calculator to calculate the indicator. Since we now that the pixel size is 100 m x 100 m we will calculate
the forest area as: “_sum” * 100 * 100. The land area is given by the built in function “$area”. The exact formula and
result is shown in Fig. 1.4.1.15.

The final result suggests that the forest areas contributed approximately 77.42% of the total land area of Suriname
in 2019.
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Fig. 1.4.1.7: Adding the forest raster data layer to the project
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Fig. 1.4.1.8: Expected layer view after adding both the vector and raster layer

Fig. 1.4.1.9: Clip forest data raster layer by Suriname vector mask layer
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Fig. 1.4.1.10: Reclassify the clipped raster layer
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Fig. 1.4.1.11: Changing the symbology of forest data reclassified raster layer

16 Chapter 1. ISPRS Educational and Capacity Building Initiative 2022



Capacity Building for GIS-based SDG Indicator Analysis with Global High-resolution Land Cover
Datasets

Fig. 1.4.1.12: Expected layer view after changing the reclassified layer symbology
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Fig. 1.4.1.13: Zonal statistics tool

Fig. 1.4.1.14: Delete the unwanted columns
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Fig. 1.4.1.15: Calculate the indicator 15.1.1 using the field calculator

1.4.2 Ratio of land consumption rate to population growth rate [11.3.1]

In this section you will learn how to calculate the SDG indicator 11.3.1 which is defined as the ratio of land consump-
tion rate to population growth rate. To be able to derive this indicator we need to first define the population growth
and the land consumption rate.

The population growth rate (PGR) is the change of a population in a defined area during a period, expressed as the
percentage of the population at the start of that period. Its value depends on the number of births and deaths and on the
migration patterns in the given period. In SDG 11.3.1 the PGR is computed for city areas. The land consumption rate
(LCR) is defined as the rate at which urbanized land changes through a defined period of time. The LCR is expressed as
the percent of the land occupied by the city/urban area at the start of that time. SDG 11.3.defines “land consumption”
as the conversion of land from non-urban to urban functions. For the correct calculation of the index it is also needed
to agree on what constitutes a city or urban area. For this purpose we will be using the Degree of Urbanization
(DEGURBA) method to delineate cities, urban and rural areas for international statistical comparisons endorsed by
the United Nations Statistical Commission For more information about the background of the SDG indicator 11.3.1
read the metadata provided under this link The workflow for computing the indicator follows 5 steps:

1. Decide on the analysis period

2. Delimitation of the urban area which we will analyze

3. Computation of the land consumption rate

4. Computation of the population growth rate

5. Computation of the ratio of LCR to PGR

1. In this exercise we will work on a one year interval from 2018 to 2019.

2. We will use New Delhi as the analysis area. Download from https://ghsl.jrc.ec.europa.eu/ghs_stat_ucdb2015mt_
r2019a.php the delimitation of urban areas file as shown in (Fig. 1.4.2.1).

Open a new QGIS project and add the downloaded vector (.gpkg) file to it (Fig. 1.4.2.2).

We now want to extract only the delineation of New Delhi. After opening the attribute table of the just added layer,
click on the “Select features using an expression” icon (Fig. 1.4.2.3).
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Fig. 1.4.2.1: Downloading the delimitation of urban areas file

After the Selection by Expression window appears, enter the query: UC_NM_MN = "Delhi [New Delhi]" and click
on “Select Features” (Fig. 1.4.2.4).

After selecting New Delhi, extract it to a new vector layer “NewDelhi.shp” as shown in Fig. 1.4.2.5.

Change the symbology of the “NewDelhi.shp” layer to better visualize the delineation of the urban area (Fig. 1.4.2.6).

3. To compute the land consumption rate in the period 2018-2019 we need the urban areas data from both of the
year. We can access the Land Cover raster data from https://lcviewer.vito.be/download. Download the indicated
tile from 2018 and 2019 as shown in Fig. 1.4.2.7.

After downloading both raster layers, add them to your QGIS project (Fig. 1.4.2.8).

Now, clip both layers by mask of the New Delhi boundary, so that we will work only on the area of interest (Fig. 1.4.2.9).

Since we need only the urban areas of New Delhi, we would like to extract from the layers only the pixels representing
urban/built up areas. From the Copernicus Global Land Service: Land Cover 100m: version 3 Globe 2015-2019:
Product User Manual we know that the map code for the urban/built up class is 50 (Fig. 1.4.2.10).

We need to reclassify both rasters so that the pixels with the value of 50 have the value of 1 and the rest the value of
0. This step is performed by using the “Raster Calculator” and inputting the expression: (“LC_New_Delhi201x@1”
= 50) * 1 + (“LC_New_Delhi201x@1” != 50) * 0, where x is equal to 8 or 9 depending on the layer. The
procedure for the 2018 layer is shown in Fig. 1.4.2.11.

For better visualization, change the symbology of both reclassified layers, so that the render type is set to “Palet-
ted/Unique values” and the color of class 0 is set to transparent, as shown in Fig. 1.4.2.12.

The desired view after clipping, reclassifying and changing the symbology of the LC layer is as in Fig. 1.4.2.13.

To be able to calculate the Land Consumption Rate, we must know the area of the built up zones in both years. To do
so, we firstly calculate the sum of the pixels by using the “Zonal Statistics” tool (Fig. 1.4.2.14). By calculating the sum
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Fig. 1.4.2.2: Adding the vector layer to a new QGIS project
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Fig. 1.4.2.3: Select features using an expression button in the attribute table

Fig. 1.4.2.4: Selecting features by expression
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Fig. 1.4.2.5: Saving selected features as new vector layer

of all pixels we will actually get the sum of the pixels representing the urban class, as they have value 1 and the rest has
value 0.

Having the zonal_stats layers with the sum of the urban pixels, we can now calculate the area of the urban zones in
New Delhi in both years, knowing that the pixel size is 100x100m. For both zonal_stats layers open the field calculator
and add a new field for the built up area in square km. Calculate the value of the field by multiplying the “_sum” field
by 0.1 * 0.1 (km). The step for the “zonal_stats_2018” is shown in Fig. 1.4.2.15, be sure to repeat the step also for
“zonal_stats_2019”.

Finally, it is possible to calculate the Land Consumption Rate (LCR) by applying this formula: LCR = (Vpresent -
Vpast)/Vpast, to the calculated values in the previous steps. We will calculate it in a new field in the attribute table of
the “zonal_stats_2018” layer as shown in Fig. 1.4.2.16.

4. Having calculated the LCR, it is time to calculate the second index needed to calculate SDG 11.3.1 - the Popu-
lation Growth Rate.

The PGR is calculated using the total population within the urban area for the analysis period using the formula below:

𝑃𝐺𝑅 =
ln(

𝑃𝑜𝑝(𝑡+𝑛)
𝑃𝑜𝑝𝑡

)

𝑦 ,

where:

• ln is the natural logarithm value;

• 𝑃𝑜𝑝𝑡 is the total population within the urban area in the initial year;

• 𝑃𝑜𝑝𝑡+𝑛 is the total population within the urban area in the final year;

• 𝑦 is the number of years between the two measurement periods.

Thus, to calculate the PGR we need the population of New Delhi in 2018 and in 2019. To get this information we first
need to download the population layers for India in 2018 and 2019 from https://hub.worldpop.org/geodata/listing?id=29
by clicking “Data & Resources” and then “Download Entire Dataset” (Fig. 1.4.2.17).

Load the population layers to the QGIS project and clip them both to New Delhi boundaries. (Fig. 1.4.2.18).
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Fig. 1.4.2.6: Symbology of the New Delhi shapefile vector layer

Fig. 1.4.2.7: Land cover raster data download
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Fig. 1.4.2.8: Adding the raster layers into the QGIS project (repeat for the 2019 layer)

Fig. 1.4.2.9: Clipping the raster layer by the New Delhi boundary mask (repeat for the 2019 layer)
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Fig. 1.4.2.10: Classification of the land cover layer with map codes

Fig. 1.4.2.11: Raster reclassification (repeat for the 2019 layer)
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Fig. 1.4.2.12: Symbology properties for the reclassified land cover raster layers (repeat for the 2019 layer)
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Fig. 1.4.2.13: Land cover layer of the urban areas after the preprocessing steps
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Fig. 1.4.2.14: Calculating the sum of pixel values using “Zonal statistics”

Fig. 1.4.2.15: Calculating the urban area in square kilometers (repeat for the 2019 layer)
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Fig. 1.4.2.16: Calculating the Land Consumption Rate

Use the “Zonal Statistics” tool to calculate New Delhi’s population in 2018 and 2019. Select only the “Sum” statistics,
which will give us the population, as shown in Fig. 1.4.2.19.

After the previous step we’ll obtain two layers for both years. To make the computations easier we want to have the
population field for both years in one layer. To do so add a new column “population_2019” to the 2018 population
zonal statistics layer. Then copy the content of the “_sum” field from the 2019 population zonal statistics layer to the
newly created column in the 2018 layer (Fig. 1.4.2.20).

To change the name of a field in the attribute table go to the “Properties” of the layer and in the “Field” section activate
the editing option (pencil icon). Now you can change the name of the “_sum” column to “population_2018” (Fig.
1.4.2.21).

Now that we have the population values for both years in one layer we can calculate the PGR using the “Field Calcu-
lator” tool. Create a new field where you’ll calculate the PGR value using the before mentioned formula as shown in
Fig. 1.4.2.22.

To have both the PGR and the LCR indexes in one layer, add a new field named “PGR” in the attribute table of the
“zonal_stats_2018” layer containing the previously calculated LCR (Fig. 1.4.2.23).

5. Having the LCR and the PGR in the “zonal_stats_2018” layer we can calculate the SDG indicator 11.3.1 in the
same layer by dividing the LCR by the PGR.

To calculate the indicator we will use once again the field calculator as shown in Fig. 1.4.2.24.

For New Delhi the 11.3.1 indicator was estimated to be around 0.0387 in the 2018-2019 period.
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Fig. 1.4.2.17: Downloading the population layers for India
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Fig. 1.4.2.18: Clipping the population layer for the year 2018 to New Delhi’s boundaries. Repeat the process for the
2019 layer

Fig. 1.4.2.19: Calculating New Delhi’s population in 2018. Repeat for the 2019 layer
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Fig. 1.4.2.20: Adding the population of 2019 to the 2018 zonal statistics layer

Fig. 1.4.2.21: Changing the name of a field in a layer’s attribute table
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Fig. 1.4.2.22: Calculating the PGR index

Fig. 1.4.2.23: Adding the PGR field into the “zonal_stats_2018” layer
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Fig. 1.4.2.24: Calculating the SDG indicator 11.3.1

1.4.3 Proportion of the rural population who live within 2 km of an all-season road
[9.1.1]

This exercise’s purpose is to show how to compute the SDG indicator 9.1.1 defined as the share of a country’s rural
population living within 2 km of an all-season road. This indicator is also commonly known as the Rural Access Index
(RAI). To calculate the indicator it is needed to compute the ratio between the rural population within a 2 km buffer
of an all-season road and the total rural population of the country. To compute this indicator we need three different
geospatial datasets:

• The country’s population distribution, that can be retrieved from WorldPop;

– From which it is necessary to extract only the rural population, which can be done using a Rural-Urban
global definition provided by the Global Human Settlement Layer;

• The road network with road types attribute, which can be accessed for all countries from OpenStreetMap;

For more information about the background of the SDG indicator 9.1.1 refer to the metadata provided here link.

In this exercise we will calculate the indicator for Gabon in 2020.

First, we need to download all the necessary data:

• From https://hub.worldpop.org/geodata/listing?id=78 download the population raster layer for Gabon in 2020 as
shown in Fig. 1.4.3.1.

– From https://ghsl.jrc.ec.europa.eu/ghs_stat_ucdb2015mt_r2019a.php download the Urban Centre
Database (Fig. 1.4.3.2)

• From https://download.geofabrik.de/africa/gabon.html download the OSM data. After that unpack the .zip file
and keep only the files related to the road network (”gis_osm_roads_free”). The procedure is shown in Fig.
1.4.3.3

Open a new QGIS project and add the road network shapefile (Fig. 1.4.3.4) and the downloaded population grid file
(Fig. 1.4.3.5).

Since we are interested only in all-season, major roads we need to extract only those from the shapefile vector layer.
The information about the codes for the roads from the “Format Specification” for OSM data (Fig. 1.4.3.6) indicates
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Fig. 1.4.3.1: Downloading the population raster layer of Gabon 2020

Fig. 1.4.3.2: Downloading the delimitation of urban areas file
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Fig. 1.4.3.3: Downloading the road network data from OSM.

Fig. 1.4.3.4: Adding the vector layer of the Gabon road network to the QGIS project
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Fig. 1.4.3.5: Adding the Gabon population raster layer to the QGIS project

that the major roads have codes starting with 511.

Using the selection by expression, we can select the roads with codes that are smaller than 5120 as shown in
Fig. 1.4.3.7. After the selection of major roads we want to export them in a new vector layer that will be called
“all_season_roads.shp”.

The procedure of extracting selected features is presented in Fig. 1.4.3.8, and the expected view after the procedure is
shown in Fig. 1.4.3.9.

We now need to create the 2 km buffer around the major roads, by using the “Buffer” geoprocessing tool (Fig. 1.4.3.10).
Because of reprojecting issues that may be encountered we input the distance in degrees.

Warning: To work with metric buffer distance units, reproject all the layers in the correct UTM zone.

Now we have the buffer around the major roads and the population grid of Gabon. We want to extract just the rural
population within that buffer, hence we need to exclude the urban areas from the computations. To do so add the urban
extent layer previously downloaded (Fig. 1.4.3.11) and compute the difference between the previously created road
buffer and the urban extent layer (Fig. 1.4.3.12). This will create a new vector layer containing the buffer only in rural
areas.

Warning: In case of “Invalid Geometry” error: click the wrench icon by the side of the overlay layer and select
“Do not Filter (Better Performance)” from the drop down menu in the “Invalid feature filtering” option.

Having this vector layer and the population grid layer we will use them as input layers to calculate the rural population
within the 2 km buffer of a major road by using the “Zonal Statistics” tool (Fig. 1.4.3.13).

After this step we have the rural population within a 2 km buffer of a major road (Fig. 1.4.3.14).

To calculate the indicator 9.1.1 we also need the total rural population of Gabon, which we will calculate in the next
steps. Firstly, we need Gabon’s boundaries to delimitate the urban extent layer ust to our area of interest. To retrieve
this data go to https://datacatalog.worldbank.org/search/dataset/0038272 and download the “World Country Polygons
- Very High Definition” as shown in Fig. 1.4.3.15.

Add the downloaded shapefile to the QGIS project (Fig. 1.4.3.16).
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Fig. 1.4.3.6: “Format Specification” regarding OSM roads’ codes

Fig. 1.4.3.7: Selecting major roads in Gabon
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Fig. 1.4.3.8: Extracting the selected features

Fig. 1.4.3.9: Expected view after extracting only Gabon’s major roads.
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Fig. 1.4.3.10: Creating a 2 km buffer around the major roads

Fig. 1.4.3.11: Adding the urban extent vector layer to the QGIS project
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Fig. 1.4.3.12: Subtracting the urban extent layer from the road buffer layer

Fig. 1.4.3.13: Calculating the rural population within the 2 km buffer around major roads.
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Fig. 1.4.3.14: Restult of the “zonal statistics” operation

Since we are interested only in the boundaries of Gabon we need to extract them from the vector file. To do so select
Gabon’s polygon by area as presented in Fig. 1.4.3.17.

Now extract the selected feature to a new vector layer “Gabon.shp” (Fig. 1.4.3.18).

For better visualization purposes change the symbology of the new layer in its “Properties”, which can be accessed by
right clicking the layer in the layers panel. An example of a clear symbology for a country’s boundaries is presented in
Fig. 1.4.3.19.

Now we can clip the urban extent layer to Gabon’s borders by using the “Clip” geoprocessing tool (Fig. 1.4.3.20).

The urban extent polygons are now limited only to Gabon’s extent. If we open the attribute table now, we can see that
for each urban area there’s a distinct row. Since we are interested in the urban areas as a whole we want to have just
one record for all the urban areas in Gabon. To do so we need to use the “Dissolve” geoprocessing tool as shown in
Fig. 1.4.3.21.

The attribute table of the Gabon’s urban extent layer after this operation can be found in Fig. 1.4.3.22.

We can now easily calculate the total urban population with “Zonal Statistics”, in the newly created vector layer the
“_sum” field presents the total urban population of Gabon (Fig. 1.4.3.23).

To calculate the needed rural population of Gabon it is needed to first retrieve the total population, so then we can
compute:

Rural population = Total Population − Urban Population;

To calculate from the population grid the total population we will use the “Raster layer statistics” with the population
raster layer as input. The output of this process is stored in a temporary .html file which you can find in the right bottom
corner of your screen in the “Result Viewer” panel (Fig. 1.4.3.24).

We now have all the necessary data to calculate the indicator. To make the computations easier and faster we first need
to add all the needed values into one layer. Open the attribute table of the “zonal_stats_buffer.shp” layer, which we
previously created to calculate the rural population within the 2 km buffer. Start editing and add two new integer fields,
one for the total population and the second for the urban population (Fig. 1.4.3.25).

To the “total_pop” field paste the value of the “Sum” from the .html file generated by the “Raster layer statistics” tool
(Fig. 1.4.3.26).

To the “urban_pop” paste the value of the “_sum” field from the attribute table of the “urban_zonal_stats.shp” layer
(Fig. 1.4.3.27).
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Fig. 1.4.3.15: Downloading the “World Country Polygons”
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Fig. 1.4.3.16: Adding the countries’ boundaries vector layer to the QGIS project

Fig. 1.4.3.17: Selecting Gabon by area
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Fig. 1.4.3.18: Extracting the selected Gabon polygon

Fig. 1.4.3.19: Changing the “Gabon.shp” symbology
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Fig. 1.4.3.20: Clipping the urban extent layer to Gabon’s extent

Fig. 1.4.3.21: Dissolving the urban extent layer
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Fig. 1.4.3.22: The expected result of the “Dissolve” procedure

Fig. 1.4.3.23: Calculating the total urban population of Gabon
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Fig. 1.4.3.24: Calculating the total population of Gabon in 2020 with the “Raster layer statistics”

Fig. 1.4.3.25: Adding new fields to the attribute table of “zonal_stats_buffer.shp”
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Fig. 1.4.3.26: Populating the “total_pop” field
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Fig. 1.4.3.27: Populating the “urban_pop” field

Finally, we can calculate the SDG 9.1.1 indicator using the “Field Calculator”. Since the indicator is defined as:
Rural population living in a 2 km buffer from a major road

Total rural population

we can compute it as shown in Fig. 1.4.3.28.

The final result (Fig. 1.4.3.29) indicated that around 71% of Gabon’s total rural population lives in a 2 km buffer
from a major, all-season road.

1.4.4 Change in the extent of water-related ecosystems over time [6.6.1]

This exercise introduces a possible workflow to calculate the SDG indicator 6.6.1, which tracks how different types
of water-related ecosystems change in extent over time. The indicator captures data on different types of freshwater
ecosystems and measures their extent change. The indicator 6.6.1 is complex and it focuses on more aspects than just
the change in the spatial extent of permanent freshwater, but for the exercise’s simplicity sake just this unit of
measure will be presented in this section. This index will be presented by the percentage change () in the area of
permanent waters. We will calculate as:

= (−)+(−)
++ , where:

• - new permanent water (conversion of a no water place into a permanent water place)

• - lost permanent water (conversion of a permanent water place into a no water place)

• - seasonal to permanent (conversion of seasonal water into permanent water)

• - permanent to seasonal (conversion of permanent water into seasonal water)

• - permanent water surfaces (where permanent water is always observed)
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Fig. 1.4.3.28: Calculating of the SDG 9.1.1 indicator

Fig. 1.4.3.29: The attribute table with the final result
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The numerator represents the change trends of the permanent water (if the numerator is positive it means that the area
of permanent water places increased with respect to the beginning of the 5 year measurement period). The denominator
represents the permanent water surfaces at the beginning of the considered measurement period.

For more information about the background of the SDG indicator 6.6.1 refer to the metadata provided under this link.
In this exercise we will focus on the water-related ecosystems in Egypt in a five year period from 2014 to 2018.

To calculate this change index we need first to download the data for:

• Coutries border delimitation from https://datacatalog.worldbank.org/search/dataset/0038272 (Fig. 1.4.4.1)

Fig. 1.4.4.1: Downloading the coutries borders layer

• Egypt’s water surfaces from “Freshwater Ecosystems Explorer” for the years 2014 and 2018 (Fig. 1.4.4.2), in
which we can find a layer with one band with three possible values:

• 1 - Not Water;

• 2 - Seasonal Water;
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• 3 - Permanent Water.

After downloading the file remember to unzip it before working on it.

Fig. 1.4.4.2: Downloading the Egypt’s water surfaces layers

Open a new QGIS project and add the countries borders vector layer to it as in Fig. 1.4.4.3.

Since we are interested only in Egypt’s water areas, we need to extract its polygon by first selecting it (Fig. 1.4.4.4) and
then extracting the selected features and saving them in a new layer (Fig. 1.4.4.5).

For better visualization purposes change the symbology on the newly added Egypt layer as portrayed in Fig. 1.4.4.6.

Now that we have defined the Area Of Interest (AOI) in our project we can add the water extent data (Fig. 1.4.4.7).

As mentioned before each year’s file has three possible values as specified in Fig. 1.4.4.8, so we want to represent
these classes by changing the symbology of both layers. A proposed symbology for the 2018 layer is presented in Fig.
1.4.4.9. Make sure to apply the symbology change to both layers with the same palette.

After adding and changing the symbology of both needed datasets the desired view of the project should be as shown
in Fig. 1.4.4.10.

Now we need to extract from the two raster layers the components , , , , to calculate the change index as defined in Fig.
1.4.4.11.

To do so we will use the “Raster calculator” to create a new raster layer with new values (, , , , ) by applying a reclassi-
fication scheme presented in Fig. 1.4.4.12, remembering that the values of the rasters are: 1 - Not Water; 2 - Seasonal
Water; 3 - Permanent Water. The expression “Egypt_classes_2014@1 = 1 AND Egypt_classes_2018@1 = 3”
represents the change from a no water place to a water place, which corresponds to in the equation defined above.
After clicking “Run” the process may take a while to complete.

After the process is done the values of the new raster layer will be: * 1 → ; * 2 → ; * 3 → ; * 4 → ; * 5 → .

For better visualization change the symbology of the new raster as shown in Fig. 1.4.4.13.

Now that we have a raster showing the changes in permanent water extent we want to know what is their area. To
do so we chose the approach of vectorizing the transformation layer for easier computations later on. The process of
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Fig. 1.4.4.3: Adding the vector layer to the QGIS project

Fig. 1.4.4.4: Selecting Egypt’s polygon
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Fig. 1.4.4.5: Extracting the selected polygon as a new layer

Fig. 1.4.4.6: Changing the symbology of the “Egypt.shp” layer
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Fig. 1.4.4.7: Adding the raster layer of the water extent of Egypt in 2018. Repeat for the 2014 layer

Fig. 1.4.4.8: Specifications for the raster water extent layers
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Fig. 1.4.4.9: Changing the symbology of the water extent layers for better visualization purposes
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Fig. 1.4.4.10: The desired view after adding and changing the symbology of the data

Fig. 1.4.4.11: The formula of the index to be calculated in this exercise
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Fig. 1.4.4.12: Creating a new raster layer with reclassified values according to the needed information for the index
calculation
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Fig. 1.4.4.13: Changing the symbology of the new raster
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transforming tre transformation raster layer into a vector layer is heavy and will take a considerable amount of time
(YOU CAN DOWNLOAD THE ALREADY VECTORIZED LAYER FROM THE WEBBOOK ZENODO FOLDER).
To compute the vector layer we use the “Polygonize (Raster to Vector)” tool from the conversion raster tools (Fig.
1.4.4.14).

Fig. 1.4.4.14: Polygonizing the transformation raster

This vector layer also contains land features that we are not interested in, hence we will extract all the features with
values not equal to 0. This will be done by first selecting all such features by expression and then exporting the selected
features to a new layer. The workflow is presented in Fig. 1.4.4.15.

The layer’s attribute table contains all the polygons as separate. We want to group them by their classification so that
the attribute table will contain just five classes representing the component of the final equation. To do that we will use
the “Dissolve” geoprocessing tool. It is important to remember what is the field that we are dissolving and set it in the
optional settings of the process. The procedure is presented in Fig. 1.4.4.16.

Now that we have all of our component’s classes grouped we can calculate each class’ area to have the final values for
the computation. We will use the “Add Geometry Attributes” vector geometry tool using as input the dissolved trans-
formation vector containing water information. The ellipsoidal parameter should be set in the calculation parameter
(Fig. 1.4.4.17).

The output vector layer will now contain the area for each type of water transformation (Fig. 1.4.4.18).

The values can be plugged in directly to the equation to get the final result of the exercise as the percentage change
in spatial extent of permanent water. Remember that in our case: 1 → ; 2 → ; 3 → ; 4 → ; 5 → . The area change
of permanent water component of the SDG indicator 6.6.1 is equal to approximately 3%, which indicates that in the
2014-2018 period there was an increase (because it’s positive) of permanent water areas of 3%.

Note: Input data for the presented case studies can be downloaded at https://doi.org/10.5281/zenodo.7152401.

Warning: The numerical results of the presented case studies are to be intended as purely demonstrative. Revision
and validations of the outlined procedures and results may be required for their reuse outside the domain of this
webbook.
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Fig. 1.4.4.15: Extracting only the information about water areas from the vector

Fig. 1.4.4.16: Dissolving the features of the vector according to the class field (DN)
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Fig. 1.4.4.17: Adding geometry attributes to the vector layer

Fig. 1.4.4.18: The final view of the attribute table of the vector layer
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