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A QGIS plugin for generating higher level EO data products, FORCE4Q is. It is a QGIS port for the higher level
functionality of the Framework for Operational Radiometric Correction for Environmental Monitoring (FORCE). It
specifically makes use of FORCE’s Higher Level Processing System for generating image composites and time series
from multitemporal Level 2 bottom of atmosphere surface reflectance imagery. FORCE4Q is compatible with Landsat
5-8 and Sentinel-2 reflectance imagery as downloaded from common online repositories.

FORCEA4Q consists of two primary components. The data import function can be used to stack downloaded imagery
into analysis ready data cubes. It further subsets imagery into a tile-based folder structure allowing for efficient
storing and computing. The main FORCE4Q application is a processing wizard enabling rapid and user friendly
implementation of FORCE higher level processing products.

This documentation provides an overview of the functionalities of the FORCE4Q plugin through step-by-step instruc-
tion of a basic use case. For detailed methodological descriptions, please refer to the Publications page of the FORCE
documentation.

For any issues, bugs, proposals or remarks, please visit the issue tracker.
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CHAPTER 1

Documentation Content

1.1 Installation

1.1.1 Install QGIS

FORCEA4Q is a plugin for QGIS and therefore requires QGIS to operate. You can download and install QGIS here.
Additional information on the installation process is provided in the QGIS Documentation.

1.1.2 Install FORCE4Q
FORCEA4Q is a QGIS plugin available in the QGIS plugin repository, directly accessible through QGIS. To install the
FORCEA4Q plugin
1. Open QGIS and go to Plugins — Manage and Install Plugins — All
2. In the search bar enter FORCE4Q
3. Now FORCE4Q should be listed in the plugin list:
Select and click Install plugin (or Upgrade in case you update to a newer version)

4. Start the plugin via the icon or from the menubar Raster — FORCE4Q

1.2 Using FORCE4Q

1.2.1 1. First steps

Data Requirements

FORCEA4Q is a QGIS plugin which generates image composites and time series from atmospherically corrected re-
flectance imagery for Landsat and Sentinel-2 imagery. Consequently bottom of atmosphere (BOA) reflectance imagery



https://www.qgis.org/en/site/forusers/download.html
https://www.qgis.org/en/site/forusers/alldownloads.html
https://www.usgs.gov/core-science-systems/nli/landsat
https://sentinel.esa.int/web/sentinel/missions/sentinel-2
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is required. Both Landsat and Sentinel-2 reflectance imagery are freely available online via EarthExplorer for Landsat
and the Copernicus Open Access Hub for Sentinel-2. Data input into FORCE4Q should be in the formats provided by
these sites. Downloading data from these sources will be covered in Section 2.

The FORCE workflow implemented in FORCEA4Q utilizes the GLANCE Grid system. This system subsets any study
area into a series of tiles and enables both efficient storage and multi-processing workflows. The FORCE4Q Data
Import function takes imagery acquired from EarthExplorer and the Copernicus hub and automatically stacks and
sorts the imagery into user-friendly, analysis ready imagery organized by this tiling system. The use of this function is
covered in Section 3, as is a more detailed description of the FORCEA4Q tiling scheme.

Example Data

This documentation will guide users step-by-step through the functionalities of FORCE4Q using Landsat and Sentinel-
2 surface reflectance imagery downloaded from freely available online repositories. For this purpose, Berlin, Germany
will be used as an example study site, using available imagery for 2019.

As data download can take quite some time, an example dataset is available for download here. The dataset consists
of 2019 Landsat imagery for two GLANCE tiles directly over Berlin, Germany. The dataset is 4.1 GB zipped and 8.2
GB unzipped. Users may therefore start directly with Section 4 — Using FORCE4Q.

1.2.2 2. Data Download

Landsat imagery with EarthExplorer

Landsat imagery is freely available through the EarthExplorer web portal. In this section, we will outline how to
download Landsat surface reflectance imagery.

1. First, go to https://earthexplorer.usgs.gov/. Login or create an account in the upper right corner of the page

=USGS

EarthExpiorer

Search Criteria Summary 3-cs

2. Use the map to navigate to your study region, in our case Berlin, Germany. Add a series of coordinates around
the city by double clicking on the map or by manually adding coordinates.
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Circle Predefined Area
DegreeMinute/Second  [RVSS

1. Lat: 52719 55" N, Lon: 0137 47 25" E /R
2. Lat: 52740 27" N, Lon: 012° 57 01" E /R
3. Lat: 527 19 55" N, Lon: 0127 58' 29" E /R
4. Lat 52° 40" 53" N, Lon: 013" 46" 24" E /R

Add Coordinate | Clear Coordinates

3. Use the calendar in the lower left of the screen to select the desired time period. For us, 1 January 2019 to 31
December 2019. Click Datasets to move to the next page.

4. Find the Landsat menu in the Data Sets tab and expand it to reveal Landsat Collection 1 Level-2 data. Select
the desired Landsat sensors. This is the standard surface reflectance product and is only available on-demand,
meaning once ordered it may take a couple days to process the request for download.

— Landsat [J

Landsat Collection 1

. # Landsat Collection 1 Level-3

Landzat C1 Analysis Ready Data (ARD)

' T Landsat Collection 1 Level-2 {On-demand)
B [E & Landsat 3 OLITIRS C1 Level-2

~0O (@ [E @ Landsat 7 ETM+ C1 Level-2

-

“C @ E 8 Landsat 45 TM C1 Level-2

| HlLandsat Collection 1 Level-1
| Landsat Legacy

5. Select Additional Criteria. Here you can add a number of additional search criteria.

1. First, we will select only the Landsat footprints directly over Berlin. Expand the WRS Path and Row
options and set the Path for 193 to 193 and the Row to 23 to 24. This will limit the search to scenes
in row 23 and 24 of Path 193.

WRS Path @
193 to 193 =

WRS Row @
23 to| 24 =

b. Next, we will ignore scenes with excessive cloud cover. Under Land Cloud Cover, select “Less than
40%”
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10.

11.

Land Cloud Cover @

Less than 40% v

=

Select Results to view the available scenes. Under Result Controls, check “Add All Results From Current Page
to Order”. Note, if there are multiple pages of results, you may have to do this several times. You can also add
more results per page in Search Criteria — Result Options — Results per Page.

Select View Item Basket and follow the onscreen instructions to submit the order.

Once the order has been processed, you will receive an email with the appropriate download links. Because the
surface reflectance product is processed on demand, depending on the size of the order it may take a few days
to process.

Alternatively, you may use the USGS Bulk Download Application for more convenient download of large
datasets.

Once the download is complete, unzip the files in your input data location. With 7-zip installed this can be done
by selecting the files, right clicking, and selecting 7-zip — Extract to *\. This will need to be done again to reach
the image files.

The resulting folders, named for the downloaded zip files, each contain single band imagery for each of the
Landsat bands as well as pixel quality flags. This is the initial folder structure needed for use with FORCE4Q.

LC081930232019021601T1-5C20200904132224
LC0819302320190
LC0819302320190
LC0819302320190
LC0819302320190
LC0819302320190C
LC0819302320190

=) LC08_L1TP_193023_20190216_20190222_01_T1_pixel_qa
&) LC08_L1TP_193023_20190216_20190222_01_T1_radsat_ga
LC08_L1TP_193023_20190216_20190222_01_T1_sr_aerosol
LCO8_L1TP_193023_20190216_20190222_01_T1_sr_band1
LCO8_L1TP_193023_20190216_20190222_01_T1_sr_band?
LCO8_L1TP_193023_20190216_20190222_01_T1_sr_band3
=] C08_L1TP_193023_20190216_20190222_01_T1_sr_band4
=) LC08_L1TP_193023_20190216_20190222_01_T1_sr_band5
&) LC08_L1TP_193023_20190216_20190222_01_T1_sr_band6
LCO8_L1TP_193023_20190216_20190222_01_T1_sr_band7

B B B

Sentinel-2 imagery with the Copernicus Open Access Hub

Sentinel-2 imagery, as well as data from other Sentinel missions, is freely available on the Copernicus Open Access

Hub.
1.

First, go to https://scihub.copernicus.eu/dhus/#/home. Login or create an account in the upper right hand of the
screen.
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Copemicus Open Access Hub

. Navigate to your study area using the map, and right click to draw a polygon around it. Double right click to

finish the polygon.

. Select n in the search bar to open advanced search criteria

. Under Sensing Period, use the calendar to select the desired time period. For us, 1 January 2019 to 31 December

2019.

» Sensing period

2019/01/01 5 201912131 ﬁ

. Select the box next to Mission: Sentinel-2. In the Sentinel-2 search options, select S2MSI2A under Product

Type. This is the surface reflectance product. Under Cloud Cover %, enter “[0 TO 40]”. This will exclude
images with greater than 40% cloud cover from the results.

. Select ™ to search for the results.

. Results may be downloaded directly by clicking the Download URL for each image.

For bulk download, you may select the check box next to the desired images, or at the top of the search results

¥
to select all images in the page. Go to the cart by selecting -E , and click = to download a .meta4 file
containing all the download URLSs.

Tip: Due to the high volume of data accumulated by Sentinel-2, only the past 12 months of imagery is available
for immediate download. If an image is marked as ‘offline’, then it is stored in the Long Term Archive. To access
this data, simply initiate the download, and retrieval will automatically be initiated. Within 24 hours, the image
will be ready for download, and will remain online for at least 3 days.

. To run a bulk download, you must download aria2 here. This is a lightweight bulk downloading tool which will

be run from the command line. You can follow the instructions here to finish the bulk download with aria2.

1.2
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1.2.3 3. FORCE4Q Data Import

Before running FORCE4Q, the image data must first be incorporated into the FORCE4Q tiling grid (refer to section
1.2). This can be done quickly and easily using the FORCE4Q Data Import tool.

Open the FORCE4Q data import tool

The FORCE4Q Data Import tool can be run from the Raster menu: Raster — FORCE4Q — FORCE4Q Data Import.

@ FORCE4Q Data Import (v1.0) - | ¥
Download Folder || |
Output Folder | |
0% Cancel

Using FORCE4Q Data Import

To run FORCE4Q Data Import, simply define the folder path containing the downloaded data (Section 2), and the
output folder in which the stacked and tiled imagery will be written. Select to run.

| =

“ Home Share View 0

[rie B ms] !
« J : Moveto - 3 Delete ~ L [ setectan
S| = - Select none
Pinto Quick Copy Paste Copy to Rename New Froperties -
access : [# Lk TEME folder - [ Invert selection
Clipboard Organise New Open Select
« =3 v A « RTD_FORCE4Q » FORCE_grid v O Search FORCE_grid

_ Neme : X0033_Y0022 _| Type Size
7 Quick access

GLAMNCE_VO01_EU_PROJ_TILE

@ OneDrive =] log_20201002T125640.506345

3 This PC
= WD_EnMAP (G:)

g Network

<

2 items

2 items (Disk free space: 1.10 TB)

X0033.Y0023 | Wilg folder

X0033 }onna Text Dagument
X0034-' 20190216_LEVEL2_LNDOS_BOA

| [ 20190216_LEVEL2_LNDOS_QAI
X0034

~| = 20190421_LEVEL2_LND08_BOA
20190421_LEVEL2_LNDO0S_QAl
20190523_LEVEL2_LND0S_BOA
20190523_LEVEL2_LNDO0S_QAI

>

BB mbE 6 G

583 KB & Internet

Within the specified output folder, a new folder is created: “GLANCE_VO01_EU_PROJ_TILE”. The name is generated
from GLANCE grid parameters (see section 1.2), which in this case uses version 1 (“V01”) for the European grid
system (“EU”), using a Lambert Azimuthal Equal Area projection (“PROJ”) for the modified FORCE4Q tiling scheme
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(“TILE”). An automatically generated log file documents to progress and any encountered errors during the data
import.

Within the GLANCE folder are a number of subfolders named for each X/Y tile within the study area. A description
of this tile system can be found in the following section.

Each of these tile subfolders contains the stacked reflectance images and associated quality flags for each image
within a given tile. File names are in the following format: date of image acquisition (YYYYMMDD), processing
level (LEVEL2; i.e. reflectance images), sensor type (LNDOS8 for Landsat 8), and a suffix indicated it is a surface
reflectance image (BOA) or quality flag image (QAI).

Tip: Once the data import process is complete, the original Landsat and Sentinel-2 scenes may be deleted as those
will no longer be used.

FORCEA4Q data structure

FORCEA4Q utilizes the GLANCE Grid system for data storage. Interested readers should visit the GLANCE website
for more information on the development of this system.

In short, this grid system subdivides the world into continents, each with its own projection and corresponding grid
system. For a given study site, data can be subdivided into these grids to enable more efficient data storage and to aid
with processing of large datasets.

For the Berlin case, we can see below the GLANCE grid in black, with the grids highlighted in red indicating that
they contain Landsat (Purple) or Sentinel-2 (Blue) imagery. Each of these grids are named by its X/Y location in the
GLANCE grid system for Europe, with data ranging from X0033 to X0034 and Y0022 to Y0025. However, as we are
just interested in Berlin and its immediate surroundings, we can limit our processing to two tiles: X0033_Y0023 and
X0033_Y0024, thereby avoiding unnecessary data storage and processing.

1.2. Using FORCE4Q 9
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Y0023

Braunsrhaesg

\ Y0024

Y0025

WLt

Leipzig

.........

Plzed

1.2.4 4. Using FORCE4Q

The primary functionality of FORCE4Q is bundled into the FORCE4Q widget. This widget operates as a user-friendly

&)
interface for step-by-step parameterization. First, open FORCE4Q by clicking on the icon in the QGIS toolbar.
Alternatively, you may run it from the Raster menu: Raster - FORCE4Q — FORCE4Q.

10
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@ FORCE4Q (v1.0) — O X

p Input FORCE L2 BOA Surface Reflectance Products
p Output Featwes
p  Output Products
p  Output Options

p Processing Options

(g@ e Cance
Task completed

There are five primary components to the FORCE4Q widget, each of which will be discussed in depth in the coming
sections.

Input Data

The first component of FORCE4Q defines the input data location and specifies some basic processing parameters
outlined below.

1.2. Using FORCE4Q 11
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w Input FORCE L2 BOA Surface Reflectance Products

FORCE L2 Root | Nitemp\temp_sam'\RTD_FORCE+Q\FORCE_gridWGLANCE_VD1_EU_PROJ_TILE

Sensor Fifter @ Landsat and Sentinel 2 O Landsat onhy O Sentinel 2 onby
|:| prefer improved 10m Landsat (IMP) over standard 30m Landsat (BOA)

Region of Interest Filter w3

Tiles of Interest Filter |)({){)33_‘(€'Dl4 ¥D033_YD024

Dat= Rangs Fiter [2015-01-01 |2] w0 [2019-12-31 |2
Sezsonz| Date Filer I:‘ p1-01 |2 o [12-31 |2
Quality Filer wr mask out checked categories

Walid D wvalid no data
Cloud D clear less confident confident, opaque cimus

Cloud shadow || no yes

son [Jro [Jve

e o [ve

Aerosol [ ] estimated [ | imerpolated [ | bigh [ ] Al
Subzero []re ves

Sawrston [ | e [ | ves

Highsun zenith [ | no [ | yes

fhominztion [ | good [ | low [ | poor [ | shedow

Shops [ ] nofs2degres) [ ] ves(= 2 degree)

Water vapor l:‘ measunad I:‘ fill

FORCE L2 Root: Define the path to the folder containing the FORCE L2 tiles (Section 3) by selecting
and navigating to the appropriate folder.

Sensor Filter: Use the radio buttons select the desired sensor to process. You may also select to use the improved
10m Landsat product. If selected, the improved 10m Landsat product may be used when available. Images
without this product will simply use the 30m Landsat product instead.

Region of Interest Filter: A shapefile loaded into QGIS may be selected to define a region of interest (ROI) for
processing. If selected, any FORCE4Q tile which contains part of the specified ROI will be processed, while all
other tiles will not. The shapefile must contain only a single polygon feature defining the region of interest.

Tiles of Interest Filter: Alternatively, specific tiles may be specified using the tile names. The format
Xi###H#_ Y###H# should be maintained to name the tiles to be processed, and multiple tiles should be separated
by spaces. For example, entering “X0033_Y0023 X0033_Y0024” will result in only those two tiles being
processed.

Date Range Filter: Select the start and end dates for the period of time you wish to process. If not activated, all
available data will be processed. If activated, the start and end dates can be defined in the adjacent input fields
with the format YYYY-MM-DD.

Seasonal Date Filter: This enables only certain periods within any given year to be processed. If activated, the
start and end days for each year can be defined in the adjacent input fields with the format MM-DD. Any data
collected outside this timeframe will not be processed. If not activated, all available data will be processed.

12
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* Quality Filter: A number of quality filters may be selected to automatically mask pixels not meeting the desired
criterion. These masks are based on the quality flags provide with both the Landsat and Sentinel-2 downloads.
For more information on the use of these quality flags, we refer interested readers to this tutorial.

Note: The Date Range Filter and Seasonal Date Filter will be incorporated into the output file name, so it is good to
specify these to match the start and end of your study period

Tip: You can explore the various quality filters visually by using a related QGIS plugin: the Bit Flag Renderer.

Output Features

In the output features component, users may define the output features which will be used to generate the higher level
products. In this context, a feature represents either reflectance values from a specific spectral band or spectral indices
derived from this spectral information. FORCE4Q lists the relevant spectral features for Landsat and Sentinel-2 under
Wavebands, and offers a number of common spectral indices, listed under Derived. Simply check the box to the left
of any output feature for which you wish to calculate the higher level products.
w Output Features
Wavebands /] BLUE [/] GREEM [v|RED | |RE1 | [RE2 | |REZ | |BNIR [MIR [/ swIR1 [»]swiR2

(CImovt [Jevt [Imer [ IwoTr [Jarvi [Jsavi [Jsarvi [J7ce [J1ee [Tew []Tcor

(Imoer [ Jmowl []muowl [ mDMI [ MDSI

Derived

Refer to the table below for more information on the available derived output features.

Index Name Formula Reference
NDVI Normalized Difference | (NIR - RED)/(NIR + | Tucker 1979
Vegetation Index RED)
EVI Enhanced Vegetation G * ((NIR - RED) / | Huete et al. 2002
Index (NIR + C1 * RED - C2
*BLUE + L)) withG =
25,L=1,Cl =6,C2
=7.5
NBR Normalized Burn Ra- (NIR - SWIR2) / (NIR | Key & Benson 2005
tio + SWIR2)
NDTI Normalized Difference | (SWIR1 - SWIR2) / Van Deventer et al.
Tillage Index (SWIR1 + SWIR2) 1997
ARVI Atmospherically Re- (NIR - RB) / (NIR + | Kaufman & Tanré
sistant ~ Vegetation RB) with RB=RED - | 1992
Index (BLUE - RED)
SAVI Soil Adjusted Vegeta- (NIR - RED)/ (NIR + | Huete 1988
tion Index RED + L) * (1 + L)
with L =0.5

Continued on next page

1.2. Using FORCE4Q
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Refer to the table below for a list of the possible waveband output features and associated band number by sensor.

Table 1 — continued from previous page

Index Name Formula Reference
SARVI Soil adj. and Atm. Re- | (NIR - RB) / (NIR + | Kaufman & Tanré
sistant Veg. Index RB + L) * (1 +L) with | 1992
RB = RED - (BLUE -
RED) with L = 0.5
TCB Tasseled Cap Bright- 0.2043*BLUE + Crist 1985
ness 0.4158*GREEN
+ 0.5524*RED
+ 0.5741*NIR +
0.3124*SWIRI +
0.2303*SWIR2
TCG Tasseled Cap Greeness | -0.1603*BLUE - Crist 1985
0.2819*GREEN
- 0.4934*RED
+ 0.7940*NIR -
0.0002*SWIRI1 -
0.1446*SWIR2
TCW Tasseled Cap Wetness | 0.0315*BLUE + Crist 1985
0.2021*GREEN
+ 0.3102*RED
+ 0.1594*NIR -
0.6806*SWIRI -
0.6109*SWIR2
TCDI Tasseled Cap Distur- TC-BRIGHT - (TC- | Healey et al. 1995
bance Index GREEN + TC-WET)
no rescaling applied
(as opposed to Healey
et al. 1995)
NDBI Normalized Difference | (SWIRI - NIR) / Zha et al. 2003
Built-Up Index (SWIR1 + NIR)
NDWI Normalized Difference | (GREEN - NIR) / McFeeters 1996
Water Index (GREEN + NIR)
MNDWI | Modified Normalized (GREEN - SWIR1) / Xu, H. 2006
Difference Water In- (GREEN + SWIR1)
dex
NDMI Normalized Difference | (NIR - SWIR1)/(NIR | Gao 1996
Moisture Index + SWIR1)
NDSI Normalized Difference | (GREEN - SWIR1) / Hall et al. 1995

Snow Index

(GREEN + SWIR1)

14
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Band Name S2 | LS8 | LS4-7
BLUE Blue 2 2 1
GREEN | Green 3 3 2
RED Red 4 4 3
REI* Red edge 1 5 NA | NA
RE2* Red edge 2 6 NA | NA
RE3* Red edge 3 7 NA | NA
BNIR* Narrow NIR 8 NA | NA
NIR Near Infrared 8A | 5 4
SWIR1 Shortwave Infrared 1 | 11 | 6 5
SWIR2 Shortwave Infrared 1 | 12 | 7 7

 Sentinel-2 only

Output Products

The Output Products component allows users to define which higher level products (time series or statistical aggrega-
tions) will be generated for each of the features selected above.

¥ Output Products

Timeseries
Statistical Aggregation [T min mean [ |median [ |max [ |std [ ]| percenties 0525507595 100
Binning (O none () yearly (® quarterly () monthly () days 10 =

Binning Offset [ Start of Year Day (01-01 |5

» Timeseries: If selected, time series information will be generated for each of the output features selected. These
time series are simply stacks of all valid data within each scene over the period of time specified by the Date
Range Filter.

* Statistical Aggregation: Statistical aggregations are descriptive statistics which summarize the reflectance of a given band

— Minimum (min): For each pixel, the minimum observed value is exported for every temporal bin (see
Binning below)

— Mean: For each pixel, the mean of all observed values is exported for every temporal bin (see Binning
below)

— Median: For each pixel, the median of all observed values is exported for every temporal bin (see
Binning below)

— Maximum (max): For each pixel, the maximum observed value is exported for every temporal bin
(see Binning below)

— Standard Deviation (std): For each pixel, the standard deviation of all observed values is exported for
every temporal bin (see Binning below)

— Percentiles: For each pixel, the selected percentiles of all observed values is exported for every tem-
poral bin (see Binning below). Percentiles may be selected using the adjacent input field, separated
by spaces. By default, 0, 5, 25, 50, 75, 95, and 100 are selected. Values must be integers between 0
and 100.

* Binning: If using Statistical Aggregations, this sets the temporal bin for the aggregation selected. The following options ar

1.2. Using FORCE4Q 15
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None: uses all available data. One of each selected Statistical Aggregate is produced per Output
Feature selected.

Yearly: Bins the data by year. One of each selected Statistical Aggregate is produced for each year in
the dataset for every Output Feature selected.

Quarterly: Bins the data by yearly quarters (3-month periods). Four of each selected Statistical Ag-
gregate are produced for each year in the dataset for every Output Feature selected.

Monthly: Bins the data by month. Twelve of each selected Statistical Aggregate are produced for
each year in the dataset for every Output Feature selected.

— Days: Bins the data into a number of days as defined by the adjacent input field (by default 10 days).

* Binning offset: Sets the starting point of the temporal bins (MM-DD). By default this is the January 1st, but may

be changed using the adjacent input field.

Output Options

The Output Option component is used to define the output location of the products generated, as well as spatial
resampling options. Further, results may be specified to open directly in QGIS for easier viewing and subsequent
processing. The available parameters are described below.

wr Output Options

Resolution 30 | meter

Resampling BOA [ QAT | nearest neighbour | nearest neighbour B
Crutput Root |

Onstpast Format GeoTit {’,ﬂﬂ LY
Open Resubs (@) region of interest mossic () individual ties () nothing

Resolution: You may define the final spatial resolution (meters) in the input field. This must be a factor of the
image size being processed. For the GLANCE tiling scheme used here, image tiles will be 15,000 x 15,000 km (
5,000 x 5,000 30m pixels). Therefore, the resolution must be a factor of 15,000 when using the GLANCE tiling
scheme.

Resampling BOA/QAI: This defines the method for resampling for the reflectance imagery (BOA) and subse-
quent products as well as the quality flag imagery. This can be either by nearest neighbour, or as the average of
the image spectra and mode of the quality flags. Spatial resampling occurs before product calculation and may
therefore speed up processing.

Output Root: Define the path to the folder in which the results will be written by selecting ~ and navigating
to the appropriate folder.

Output Format: Define the format of the products to be written to disk. Available formats are GeoTIFF, ENVI
BSQ, or as virtual rasters (VRTs) with either absolute or relative paths.

Open Results: This option enables results to be open directly in QGIS as a VRT once processing is complete.

— Region of Interest mosaic: Will open stacked results as a single VRT for all tiles in the region of
interest.

— Individual Tiles: Stacked results will be opened as a new VRT for each individual tile.

— Nothing: Nothing will be opened in QGIS.

16
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Processing Options

The Processing Options component enables users to define how much of the image is processed at a given time. You
may either select to run the processing for the entirety of each FORCEA4Q tile, or you may further subset the images
in x by y pixel blocks, as defined in the corresponding input fields. Processing in subset blocks of the imagery helps
to increase computational efficiency, particularly for processing complex routines over large datasets which may not
otherwise fit into a machine’s memory.

w Processing Options

Block Siz= () fullties (@) [x=150000x (2] x [y=100pm 2

FORCE4Q Outputs

The selected Output Features and Products will be stored in the Output Root folder defined in section 4.4.

v =
Home Share View ' 19800101-20301231_TIMESERIES_0101-1231_30.0m.vrt )
« > « 1 « RTD.. > outputs 19800101-20301231_NO_0101-1231_0101_30.0m.vrt
N X0034_Y0024
» Quick access Hame X0034.¥0023
base X0034_Y0022
@ OneDrive VRT o
l = This PC X0032_Y0023 07/10/2020 10:02  File folder
X0032_Y0024 0774Q/2020 10:02 File folder
| <= WD_EnMAP X0032_Y0025 07/10/2020°T8:02  File folder
@ Network X0033_Y0022 N7 /1042020 10-:02 Eila£nldar
X0033 Y0023 &% 19800101-20301231_0101-1231_0101_30.0m_MEAN_BLUE

2%/ 19800101-20301231_0101-1231_0101_30.0m_MEAN_GREEN
19800101-20301231_0101-1231_0101_30.0m_MEAN_NDVI
19800101-20301231_0101-1231_0101_30.0m_MEAN_RED
20190216_LEVEL2_LNDO08_30.0m_BLUE
20190216_LEVEL2_LNDO08_30.0m_GREEN
20190216_LEVEL2_LNDO08_30.0m_NDVI
20190216_LEVEL2_LND08_30.0m_RED
20190320_LEVEL2_LNDO08_30.0m_BLUE

' X0033_Y0024

| X0033_Y0025
X0034_Y0022
X0034_Y0023
X0034_Y0024

| log_20201006T...

D h Al

'

b

13 items Qe S

13 items (Disk free space: 1.02 TB) 4.68 KB 0 Internet

In the specified output folder you will find a number of folders, as well as a log text file documenting the processing
and potential errors.

The output images are sorted into the FORCE4Q tiles, again named for the x/y location on the regional grid. A new,
single-band file is created for each of the output features and output products specified. Therefore, the number of
files should be equal to the number of output features times the number of output products specified. The naming
convention differs for time series and statistical aggregation output products.
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For time series, the naming convention is as follows:

YYYYMMDD LEVEL2_LND8_30.0m_BLUE

Image Date ? Sensor 5 Output

. Feature
Processing Output

Leve| Resolution

First, the Image Date of the acquisition date of the image being stored is defined. Next, the Processing Level, which
indicates that it is atmospherically corrected. Next is the sensor, which indicates if it is from a Landsat (LND#) or
Sentinel-2 (SEN2) image. The Output Resolution as defined in the Output Options component follows, and finally the
Output Feature contained in the file.

For statistical aggregations, the naming convention is as follows:

YYYYMMDD-YYYYMMDD_MMDD-MMDD_MMDD_30.0m_MEAN_BLUE
g ; L = —
!

" Statistical

Date Range Binning
Offset - Aggregation
Seasonal Date Output Output
Filter Resolution Feature

First, the Date Range for the temporal bin of the image. Next, the Seasonal Date Filter as define in the Input Data
component. Next is the Binning Offset as defined in the Output Products component. The Output Resolution as
defined in the Output Options component follows. The last two sections of the name are the Statistical Aggregation
being used and the Output Feature.

FORCEA4Q also outputs virtual rasters (VRTs), which are found in the VRT folder. VRTs are essentially XML files
containing file path information to the relevant images as well as metadata containing various alterations to be per-
formed to the images, such as stacking, mosaicking, or other basic processing steps. VRTSs are created to mosaic the
tiles together for convenient viewing and processing without the need to write and load new datasets to disk. Read
more on the use and implementation of VRTs here. VRTs in a QGIS environment can essentially operate like any
other image data format. In the VRT folder, you will find VRTs mosaicked for the entire study area, as well as VRTs
stacking the relevant band information for each tile. The naming convention for these VRTs is the same as for the
actual image data.

Tip: You can make your own VRTs in QGIS using the Virtual Raster Builder, another plugin available for QGIS.

Visualizing FORCE4Q Outputs

In the Layers panel of QGIS, right click on one of the VRT layers and select properties. Use the Symbology tab to
change the visualization of the VRT, as you would any other raster.

You may also look at a given pixel’s time series using the Raster Data Plotting plugin. Below shows the time series
for Red, Green, and Blue bands of a single pixel in a Berlin park. The corresponding NDVI time series is also show
in yellow, scaled to allow visualization with the optical bands. Note that the density of the time series will vary across
the scene depending on the quality flag filters selected.

18 Chapter 1. Documentation Content


https://virtual-raster-builder.readthedocs.io/en/latest/
https://docs.qgis.org/3.10/en/docs/user_manual/working_with_raster/raster_properties.html#symbology-properties
https://raster-data-plotting.readthedocs.io/en/latest/

FORCE4Q Documentation

Raster Data Plotting (v1.6.3) B2 X
Flot Type | Temporal Profile Plot ~ |
@ Map Coordinate |—44?36?.4‘388 | |—260345.3698 —:!;— Select Temporal Profiles

¥ Axds Units () Date Number (@) Decimal Years

— ®] s

@ Profle 1 | " 19800101-20301231_TIMESERIES_0101-1231_30.0m v | |Band 1: BLUE ~ Smle o -
@ Profile 2 | " 19800101-20301231_TIMESERIES_0101-1231_30.0m | |Band 2: GREEN ~ 5mle ;-
@ Profle 3 | " 19800101-20301231_TIMESERIES_0101-1231_30.0m «| Band 3: RED ~ Smle ;-
@ Profile 4 | 5 19800101-20301231_TIMESERIES_0101-1231_30.0m ~ | |Band 4: NDVI ~ | Scale 7
@ Profile 5 ~ ~ Smle A

This same tool may also be used to generate scatter density plots between two selected bands or pixelwise spectral
profile plots to visualize all data in a given pixel.

The Raster Timeseries Manager may be used to generate animation to visualize the time series. With the time series
VRT selected, you can manually navigate through different timesteps by clicking the arrows, or automatically cycle
through them by clicking the play button. Set the Step to 1 and the speed to 1 frame per second (fps).

Note the varying no-data values (white) are influenced by the quality filters defined in the input data component of
FORCEA4Q.

To export the animation, you will first need to install ImageMagick. Once installed go to the System tab in the plugin
window and define the path to the FFmpeg and ImageMagick executables (ffmpeg.exe and magick.exe). This enables

the plugin to access tools needed to save the animation. Once this is done, go to the Video Creator tab and select m
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to save the individual animation frames. Finally, select @ to export the animation as an animated GIF.

1.3 Related Links

FORCE4Q source code
* FORCE4Q Issue tracker
¢ FORCE documentation

¢ FORCE source code

1.3.1 Project Pages

e HU-Berlin Earth Observation Lab
* University of Greifswald - Working Group on Remote Sensing and Geographic Information Processing

* LUMOS project

1.3.2 How to cite

Rabe, A., Jakimow, B., Frantz, D., Cooper, S., Thiel, F., Hostert, P., van der Linden, S., 2020. FORCE4Q - A QGIS
plugin for generating higher level EO data products. https://force4q.readthedocs.io.

BibTeX:

@misc{force4q2020,

author = {Rabe, A. and Jakimow, B. and Frantz, D. and Cooper, S. and Thiel, F. and
—Hostert, P. and van der Linden, S.},

title = {FORCE4Q - A QGIS plugin for generating higher level EO data products},
year = 2020,

url = {https://forcedq.readthedocs.io}

}

1.3.3 Related QGIS Plugins

Below are a number of open source QGIS plugins which have been developed by the HU Earth Observation Lab and
partners to enhance QGIS to better handle remote sensing data visualization and processing.

* Bit flag renderer: Visualize bit flags in raster quality images.
e EO Time Series Viewer: Visualize and label raster-based earth observation time series data.

* EnMAP-Box: Toolbox and extended GUI for visualising and processing optical remote sensing data with a
focus on tools commonly needed for hyperspectral image analysis.

e FORCE4Q: Import Landsat and Sentinel-2 bands into analysis-ready images and calculate higher level products.
* MESMA: QGIS implementation of the Multiple Endmember Spectral Mixture Analysis unmixing algorithm.
» Raster Data Plotting: Visualize raster data for all pixels currently visible inside the map canvas.

¢ Raster Time Series Manager: Navigate through earth observation imagery archives and derived products in
space and time.
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* Spectral Library Tool: Suite of processing tools for multi- and hyperspectral spectral libraries.

e Virtual raster builder: Define GDAL Virtual Raster (VRT) files.
e Zoom View: Adds a Zoom Panel showing a magnification of the map canvas around a selected point.

FORCEA4Q is developed at Humboldt-Universitidt zu Berlin, Earth Observation Lab and the Universitit Greifswald
Working Group on Remote Sensing and Geographic Information Processing as part of the Land Use Monitoring

System (LUMOS) project, funded by the Belgian Science Policy Office as part of the Stereo-III research program
(grant no. SR/01/349).

Belgian Science Policy Office
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