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Abstract

The GHSL-S2 Tool (version 1.0) is a visualization and download tool (QGIS plugin) developed in the frame of
the Global Human Settlement Layer (GHSL) project®. It facilitates the access to the GHSL S2 products using a
free and open-source cross-platform Geographic Information System software (QGIS v.3.8 or higher). It provides
a handy way to explore the GHSL datasets, to classify the probabilistic built-up layer derived from Sentinel-2
image composite and to export user-defined subsets, while avoiding the download of large files.

The GHS-S2 tool is developed in Python programming language as a QGIS plugin. It bridges the QGIS software?
to the Google Earth Engine (GEE) cloud-based platform®, making use of the GEE plugin*, which integrates GEE
and QGIS using the EE Python API®. It requires an active GEE account and an internet connection.

This document contains the description of the GHS-52 tool usage, the main features and functionalities. The
GHSL-S2 plugin is part of the GHSL tools suite and issued with an end-user licence agreement, included in the
download package.

https://ghsl.jrc.ec.europa.eu/

*

()  https:/qgis.or

()  https://earthengine.google.com/
)

©)

https://gee-community.github.io/qgis-earthengine-plugin/
https://github.com/google/earthengine-api/tree/master/python
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1 Introduction

Spatially consistent and up-to-date maps of human settlements are crucial for addressing policies related to
urbanization and sustainability especially in the era of an increasingly urbanized world. The availability of open
and free Sentinel-2 data of the Copernicus Earth Observation programme offers a new opportunity for wall-to-
wall mapping of human settlements at a global scale.

Early 2020, a deep-learning-based framework has been developed by the GHSL team in collaboration with the
Big Data project of 1.3 unit for a fully automated extraction of built-up areas from a global composite of
Sentinel-2 imagery [1], [2]. The method builds on Convolution Neural Networks architecture for pixel-wise image
classification of built-up areas. The multi-neuro modelling methodology named GHS-52Net allowed deriving
the most detailed and complete map reporting about built-up areas for reference year 2018 [3].

The new built-up layer reports about the probability of 10 meter pixel to belong to built-up areas. The probability
values are expressed in the range 0-100 with 255 as no-data value. The global dataset has been uploaded on
Google Earth Engine and it can be easily accessed through the QGIS software using the GHSL S2 plugin, along
with the above-mentioned cloud free image S2 global Composite for reference year 2018 and other associated
geographic information layers produced in the framework of the GHSL.

Alternatively, the GHS-S2 built-up layer and the global Sentinel-2 composite can also be accessed and
downloaded from the GHSL Datasets page® following a pre-defined tiling schema corresponding to UTM grid
zones.

The utility of the tool lies in the possibility to explore the global Sentinel-2 composite in full resolution and the
global GHS-S2 built-up layer, and to process these datasets with QGIS. It also includes other functionalities,
such as the possibility to classify the probabilistic built-up layer and to export user-defined subsets, while
avoiding the download of large files.

& https://ghsljrc.ec.europa.eu/datasets php
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2 Installation

2.1 System requirements and dependencies

The GHSL S2 QGIS plugin is a graphical tool developed in Python and Qt. It can be added as a QGIS plugin from
the QGIS Plugins menu. The dependencies are ordered below:

- QGIS version: The GHSL S2 plugin is compatible with QGIS version 3.8 or higher. The most recent
version can be downloaded here. The GHSL-52 plugin is cross-platform (Windows, Linux, MacOS).
Originally it has been built and compiled using a QGIS version 3.10.0 on Windows 10 64-bit version.

- Internet connection: A fast internet connection is essential (>5 Mbps) for fast rendering of the data.

- QGIS Earth Engine plugin: Install the QGIS Earth Engine plugin. The plugin can be installed from the

Plugins >> Manage and Install Plugins.. >> search and select 'Google Earth
Engine' >> Install Plugin

QGIS Plugin Repository as any other plugin:

- Authenticate using an active Google Earth Engine account: You need to have an active Google
Earth Engine (EE) account to use the plugin. If you don’t have one you can sign-up here.

To test if the plugin is installed and authenticated properly, type the following in the QGIS Python
Console (Plugins = Python Console or press Ctrl+Alt+P).

>>> import ee
>>> print(ee.String('EE has successfully been installed!').getInfo())

EE has successfully been installed!

The first time you will be asked to authenticate to your account. This has to be done just once.

) Authorization >

Google Earth Engine Python is not detected on this machine.

This plugin uses Google Earth Engine Python API and requires users

to be authorized, please follow the instructions in the opened web page
and paste the resulting auth token here,

If the web page does not open automatically, visit the followin link manually:
URL: http:/ftinyurl. com

0K Cancel

Figure 1. Authorization window


https://qgis.org/en/site/forusers/download.html
https://gee-community.github.io/qgis-earthengine-plugin/
https://earthengine.google.com/signup/

2.2 Installation procedure
The user can download the GHSL S2 plugin from the GHSL tool” page as zip file (GHSL_S2.zip, file size < 1MB).

Note: The zip file is used for the installation. User doesn’t have to unzip the file.

The plugin can be installed locally (experimental plugin) from the menu:

Plugins >> Manage and Install Plugins.. >> Install from ZIP >> point to the zip file
GHSL_S2.zip >> Install Plugin

It will take few seconds to install. The tool then can be loaded either from the ‘Plugins’ menu:

Plugins >> GHSL-S2 tool >> GHSL-S2 tool

or from the GHSL icon appeared in the Toolbar (Plugins) area. @

() *gee - QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh RasterStats Help
DEEREY O 2ppHRPDPD A LU &c-Hi-B-L,EEI =)0
LAY AN / . T B R LSO

Figure 2. The GHSL S2 plugin initialization icon in the Plugins area on the bottom left corner.

7 https://ghsl jrc.ec.europa.eu/tools.php
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3 Functionality

The graphical user interface is divided in three sections: 1. “Add layers”, 2. “Apply threshold value to layers”
and 3. “Export Layers” section.

) GHSL-52 tool - O *
Add layers:

52 probability of built-up 2018 - color ramp

52 probability of built-up 2018 - grayscale
GHS_BUILT LDSMT_GLOBE

UTM grid zones

GHS-composite-52

Brightness from GHS-compaosite-52

Max MOVI from Sentinel-2 L 1C collection (2017-2018)

N T T T e
Latl Ligtl Ll Ll L il L ot | (ol |
A AN A I A I

Load layers
Apply threshold to layers:
Masked 52 probability of built-up 2018
Binary built-up layer from 52 probability layer
Setcut-offvalue: |20 (2] =0
0 100
Load layers
Export layers:
Select current view or layer extents Current View -

Select layers to download locally
52 probability of built-up 2018
Binary built-up layer from 52 probability layer
GHS-composite-52
Brightness from GHS-composite-52
Max MOVI from Sentinel-2 L1C collection (2017-2018)

Select output directory

Export layers

Help Close

Figure 3. The graphical user interface of the GHSL-52 QGIS plugin

3.1 Add layers

In this section user can select the layers to be added to the QGIS layer panel from a list of available layers
described below. After selecting the layers from the check boxes the layers will be added on the QGIS layers
panel by clicking on the ‘Load layers’ button.

Note: Once the layers have been loaded, user can save the QGIS project (as .qgz project) and exit the QGIS.
When the project is reloaded the layers will be loaded back, keeping the same parameters where applied, without
the need to initialize the GHSL S2 plugin.




Note: On the right side of each layer there is a corresponding Identify tool. @

It allows you to interact with the map canvas and get information (pixel value) on each layer in a pop-up window,
once it is loaded. To exit from the identify tool, click on pan map or zoom in / out icons on the Map Navigation
toolbar.

@ aais3 %

52 probability of built-up 2018: 33

oK

Figure 4. Pop-up window of the identify tool, showing a pixel value of the ‘S2 probability of built-up 2018’ layer

3.1.1 S2 probability of built-up 2018 - colour ramp

It corresponds to the probability of a 10-meter pixel to belong to built-up areas obtained from a Convolution
Neural Networks architecture for pixel-wise classification of a global Sentinel-2 image composite for reference
year 2018. Values are in the range O — 100 corresponding to probability values in the range O - 1. The results
are rendered following a colour ramp from yellow for low probability values to red for high probability values.

Spatial resolution: 10 meters
Data type: Byte
No data value: 255
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Figure 5. Visualization of the ‘S2 probability of built-up 2018’ layer over Los Angeles




3.1.2 S2 probability of built-up 2018 - grayscale

Probability of a 10-meter pixel to belong to built-up areas obtained from a Convolution Neural Networks
architecture and applied to classification of a global Sentinel-2 image composite for reference year 2018.
Values are in the range 0 - 100 corresponding to probability values in the range O - 1. The results are displayed
using a grayscale rendering.

Spatial resolution: 10 meters
Data type: Byte
No data value: 255

Colour ramp: 0 [ 100
Q
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Figure 6. The ‘S2 probability of built-up 2018 grayscale’ layer over the same area in Los Angeles

3.1.3 GHSL MT2017 Landsat: GHS_BUILT_LDSMT_GLOBE

Multitemporal information layer on built-up presence as derived from Landsat image collections (GLS1975,
GLS1990, GLS2000, and ad-hoc Landsat 8 collection 2013/2014) [4].

Transparent (0): no data

Blue colour (1): water surface

Black colour (2): land no built-up in any epoch

White colour (3): built-up from 2000 to 2014 epochs
Yellow colour (4): built-up from 1990 to 2000 epochs
Orange colour (5): built-up from 1975 to 1990 epochs
Red colour (6): built-up up to 1975 epoch

Spatial Resolution: 30 meters

Data type: Byte



Mo Data

. Water surface

. Land no built-up in any epoch
Built-up from 2000 to 2014 epochs
Built-up from 1990 to 2000 epochs
Built-up from 1975 to 1990 epochs

. Built-up up to 1975 epoch

Figure 7. GHSL MT2017 Landsat colour map
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Figure 8. Visualization of the ‘GHSL MT2017 Landsat’ layer, semi-transparent over the S2 probability of built-up layer,
Los Angeles area

3.1.4 UTM grid zones

The GHS-S2 built-up layer and the global Sentinel-2 composite have been produced and tiled following a pre-
defined tiling schema, the Universal Transverse Mercator (UTM) system, with each tile having the projection of
the UTM zones (UTM/WGS84 projection) to which it corresponds to. There are in total 615 grid zones with data
covering mostly mainland and islands.

10



10X|11X|12X[13X|14X|15X|16X|1 x!mx!wx 0X|21X| K! (x! 4X|25X| nx! x! xx! 19X 33X 35X 39X |40X |41X |42X [43X|44X [45X |46X|
1W[2W [3W |4W | 5W 7W|8W W) 9\ Wi 123\ SW26W BW29W, 32
v SV|16V[1/]18V| V| 22/ 24V 27V|28V|
)
1U|2U|3U|4U|5U 8l 22U
pl pli Oi§21T | 22T | 2977
: E
1 S| 205 255 R6 285
1R| 2R 6l bLBR 27R%:
A
2Q “ Q 1 1. 26Q[27Q) 4
14P |15 P 26P|27P| 0P| 42P|
IN 3N | 4N 15N 1 l 28N 9N 43N
iM{2M 4M | 5M ™ 15M[16M| 25M 28M 131M(3, 38MI39MI40M 42M43M|
- [ _ i [ =]
IlL 2_L 3L(4L|5L|6L|7L 1718 L L 251 | [—BE 3218 L L|40L !
- =
2K | 3K | 4K | 5K [ 6K | 7K. BK‘ 18K 25K|26K| m( 32K] 40K| 41K |
ﬂ 6] \i‘ 12) 23) 38)
17H| 1 [22H 28H| 331 [43H|
ﬂ 0G| 129G/ 37G| 39G|

Figure 9. The UTM grid zones covering mainland and islands

3.1.5 S2 composite percentile: GHS-composite-S2
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Global cloud-free pixel based composite created from the Sentinel-2 data archive (Level L1C) available in
Google Earth Engine for the period January 2017-December 2018.

Composed of four spectral bands (B2: Blue, B3: Green, B4: Red and B8: Near Infrared). Displayed in a
combination of red, green and blue band (B4, B3, B2).

Spatial resolution: 10 meters

Data type: UIntl6

Compositing method: 25th percentile
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Figure 10. Natural colour (RGB) representation of the 4-bands ‘GHS-composite-S2 layer’ over Los Angeles
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3.1.6 Brightness from GHS-composite-S2

Maximum value of the visible bands (B2: Blue, B3: Green, B4: Red) derived from the GHS-composite-52, resulting
a grayscale one band layer.

Spatial Resolution: 10 meters

Data type: UIntl6

@ ~#0-0 B . % &

%Y L 2 A
* W B lirghtness tram Lt th-compontte-52

Figure 11. Grayscale representation of the ‘brightness from GHS-composite-S2’ layer over Los Angeles

3.1.7 Max NDVI from Sentinel-2 L1C collection in the period 2017-2018

Maximum value per pixel of the Normalized Difference Vegetation Index (NDVI) derived from Sentinel-2 L1C
collection in the period 2017-2018. Values are in the range 0O — 1. The results are rendered following a colour
ramp from red for low NDVI values to green for high NDVI values.

Spatial Resolution: 10 meters

Data type: Float32

Colour ramp: 0 | R 1
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Figure 12. Max NDVI as derived from Sentinel-2 L1C collection in the period 2017-2018 over Los Angeles

Table 1. Characteristics of the available datasets

Layer Spatial Datatype Data Range Data NoData | Band(s)
Resolution Values Value
S2 probability of | 10m Byte Continuous 0-100 255 1 Band

built-up 2018 -
colour ramp

S2 probability of | 10m Byte Continuous 0-100 255 1 Band
built-up 2018 -

grayscale

GHSL MT2017 | 30m Byte Categorical 01234, |0 1 Band
Landsat: 56

GHS_BUILT_LDSMT

_GLOBE

S2 composite | 10m Uintle Continuous 0-65535 | 0,0,0,0 4 Bands

percentile: GHS-
composite-S2

Brightness from | 10m Uintle Continuous 0-65535 | 0 1 Band
GHS-composite-52

Max NDVI from | 10m Float32 Continuous 0-1 N/A 1 Band
Sentinel-2 L1C
collection in the
period 2017-2018
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3.2 Apply threshold value to probability layers

With this option the user can specify a cut-off value to the probability layers and obtain a binary representation
of built-up areas. The range is 0-100. The default cut-off value is 20. The horizontal slider and the spin box are
interconnected and apply on-the-fly the user-selected cut-off value to the probability layer. The output of this
operation is two new layers: the ‘Masked S2 probability of built-up 2018’ and the ‘Binary built-up layer from
S2 probability’ layers respectively. Press “Load Layers” button to add the layers to your project.

Note: In case of slow internet connection the slider might become irresponsive while moving as it is constantly
calling the GEE. This can be overcome by typing the desired value and press the TAB button to enter the value.

Table 2. Thresholded layers characteristics

Layer Spatial Datatype Data Range | Data NoData | Band(s)
Resolution Values Value

Masked S2 | 10m Byte Continuous 0-100 255 1 Band
probability of built-up

2018

Binary built-up layer | 10m Byte Categorical 01 N/A 1 Band
from S2 probability

layer

The layers in this section are briefly described below.

3.2.1 Masked S2 probability of built-up 2018

Masked S2 probability of built-up 2018. Select threshold value to apply to the S2 probability of built-up 2018.
All values below the selected threshold are set to transparent.

Spatial Resolution: 10 meters

Data type: Byte
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Figure 13. Visualization of the ‘Masked S2 probability’ layer over Los Angeles using as background the GHS-composite-
S2. Selected cut-off value is 50.
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3.2.2 Binary built-up layer from S2 probability layer

Select threshold value to apply to the S2 probability of built-up 2018. All values below the selected threshold
are set to 0 and the values above set to 1.
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Figure 14. Visualization of the ‘Binary built-up layer from S2 probability’ layer half-transparent over Los Angeles using as
background the GHS-composite-S2. Selected cut-off value is 50.

3.3 Export Layers

3.3.1 Select current view or layer extent

Select the area to download the layers. You can choose either the current view window or the extents from
any vector or raster layer loaded in the QGIS Layers Panel.

Note: The layers will be downloaded using the extents and the projection of the selected layer used for
clipping. In case of the “Current View” selection it will consider the project properties projection.

3.3.2 Select layers to download locally

Select the layers you want to download in the selected extents. Make sure you have already loaded them
from the previous sections.

Note: Download is limited to ~1GB per file due to GEE quota. With the version 0.1.224 of the Earth Engine
Python API, the pixel grid dimensions of the exported grid must be less than or equal to 10.000x10.000 pixels).
Split the area in smaller pieces if the download fails (max 100km x 100km area).

3.3.3 Select output directory

Select folder to download the selected layers. The result is a zip file for each selected layer.

o 52 probability of built-up 2018:
Export file: S2_Probability_BU_2018.zip
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Image file: TIFF file
Spatial resolution: 10 meters
Datatype: Byte, 1 band

Values range: 0-100 (continuous)

Binary built-up layer from S2 probability layer:

Export file: S2_Binary_BU_gt_xx.zip where xx: the cut-off value

Image file: TIFF file

Spatial resolution: 10 meters

Datatype: Byte, 1 band

Values range: O or 1 (binary)
GHS-composite-52:

Export file: S2_Binary_BU_gt_xx.zip where xx: the cut-off value

Image file: TIFF file
Spatial resolution: 10 meters

Datatype: UInt16, 4 bands ('blue’,

‘green’, 'red’, 'nir')

Values range: 0-65535 (continuous)

Brightness from GHS-composite-S2:

Export file: GHS_composite_S2_Brightness.zip

Image file: TIFF file
Spatial resolution: 10 meters
Datatype: UInt16, 1 band

Values range: 0-65535 (continuous)

Max NDVI from GHS-composite-52:

Export file: GHS_composite_S2_NDVI_max.zip

Image file: TIFF file

Spatial resolution: 10 meters
Datatype: Float32, 1 band
Values range: 0-1 (continuous)

Table 3. Output layers characteristics

Layer Spatial Datatype Data Range Data NoData | Band(s)
Resolution Values Value

S2 probability of | 10m Byte Continuous 0-100 255 1 Band

built-up 2018

Binary built-up layer | 10m Byte Categorical 0,1 N/A 1 Band

from S2 probability

layer

GHS-composite-52 10m Byte Continuous 0-65535 | 0,0,0,0 4 Bands

Brightness from | 10m Ulntle Continuous 0-65535 | O 1 Band

GHS-composite-52

Max NDVI  from | 10m Float32 Continuous 0-1 -1 1 Band

Sentinel-2 L1C

collection in the

period 2017-2018

Note: Download is running as background process. A
download is finished.

‘task complete’ notification pop-up appears when the
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GETTING IN TOUCH WITH THE EU
In person

All over the European Union there are hundreds of Europe Direct information centres. You can find the address of the centre
nearest you at: https://europa.eu/european-union/contact en

On the phone or by email

Europe Direct is a service that answers your questions about the European Union. You can contact this service:
- by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),

- at the following standard number: +32 22999696, or

- by electronic mail via: https://europa.eu/european-union/contact en

FINDING INFORMATION ABOUT THE EU

Online

Information about the European Union in all the official languages of the EU is available on the Europa website at:
https://europa.eu/european-union/index _en

EU publications
You can download or order free and priced EU publications from EU Bookshop at: https://publications.europa.eu/en/publications.
Multiple copies of free publications may be obtained by contacting Europe Direct or your local information centre (see

https://europa.eu/european-union/contact en).
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