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FORCE
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FORCE is a software project, 
which is intended to be a 
Landsat+Sentinel-2 'all-in-one 
solution' for generating 
atmospherically and 
topographically corrected, 
quality screened images, image 
composites and basic time series 
products tailored for large-area 
and multi-temporal applications.

Force homepage:

https://www.uni-trier.de/index.php?id=63673&L=0

https://www.uni-trier.de/index.php?id=63673&L=0
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Main features 1/3

ǒWritten in C, parallelization with OpenMPAPI. Command-line!

ǒIntegration of Landsat 4ς8, and Sentinel-2 A/B as Virtual Constellation

ǒData management of L4-8 and S2 Level 1 data,  download

ǒGeneration of Analysis Ready Data(ARD) a.kaLevel2 data 
ÅAdvanced cloud and cloud shadow detection (modified fmask )

ÅQuality screening 

ÅIntegrated atmospheric1 and topographic2 correction

ÅAdjacency effect correction 

ÅBRDF reduction 

ÅResolution merge of Sentinel-2 bands: 20m -> 10m 

ÅData cubing: reprojection/ gridding 

41Radiative transfer model of Tanréet al 1990
2Modified c-correction of Kobayashi & Sanga-Ngoie2008



Main features 2/3

ǒGeneration of highly Analysis Ready Data (hARD) a.kaLevel3
ÅLarge area, Gap free 

ÅBest Available Pixel (BAP) composites 

ÅPhenology Adaptive Composites (PAC) 

ÅSpectral Temporal Metrics (STM) ςƳƛƴΣ ƳŀȄΣ ƳŜŀƴΣ ǊŀƴƎŜΣ ǉǳŀƴǘƛƭŜǎΧ

ǒGeneration of highly Analysis Ready Data plus (hARD+) a.kaLevel4
ÅTime Series generation: spectral bands, spectral indices, Spectral Mixture Analysis 

(SMA)

ÅTime series folding

ÅTime series interpolation

ÅTime series statistics

ÅTrend analysis

ÅChange, Aftereffect, Trend (CAT) analysis 

ÅLand Surface Phenology (LSP) 
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Main features 3/3

ǒDetailed data mining of the Clear Sky Observation (CSO) 
availability

ǒData Fusion. Improving spatial resolution of coarse continuous 
fields: 
ÅMODIS LSP -> medium resolution LSP. 

ÅImproving spatial resolution of lower resolution ARD using higher 
resolution ARD: 30m Landsat -> 10m using Sentinel-2 targets
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Data Cubes in FORCE
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Frantz 2019



General workflow
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ǒInstalled to Taito in 
December 2018 (v2.1)

ǒLoad modules:
module load force gnu - parallel

ǒList available commands:
ls ïl 

/ appl /earth/force/v2.1/bin

ǒNote, some commands have 
. sh ŜȄǘŜƴǎƛƻƴ ǎƻƳŜ ŘƻƴΩǘΗ
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FORCE L1AS - Level 1 Archiving Suite 

Frantz 2019



ǒ force - level1 - sentinel2 - nv.sh / wrk / pjhurska / kili level1.pool 

"37.841/ - 3.58,36.97/ - 3.58,36.97/ - 2.805,37.841/ - 2.805,37.841/ -

3.58" 2016 - 01- 01 2019 - 02- 01 0 85

ǒDownloads all available sentinel-2 images from the area of 
interest, from 1 Jan 2016 until 1 Feb 2019, allowed cloud 
coverage 0-85%

ǒYou need user account at scihub.copernicus.eu(user name and 
password in a hidden ŦƛƭŜ Ψ. scihub Ω ƛƴ ȅƻǳǊ ƘƻƳŜ directory)
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Example: Download 3+ years of S2 images 
from Kilimanjaro, Tanzania
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FORCE L2PS - Level 2 Processing System

Frantz 2019



ǒAfter parameters are set, run the actual level2 processing as a batch job 

ǒArguments: (1) name of the parameter file, (2) number of CPUs used for 
parallel processing, (3) delay in seconds between image processing

ǒAfter processing, the image is dequeued-> if you need to reprocess your 
images, you cansed - i ós/DONE/QUEUED/ô level1.pool

ǒThe processed images and a logfileare written to output dir
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force - level2 ïmass processing of level1 images
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Example of a SLURM batch file ïrun -level2.sh



ǒSchedule the batch job for processing:

Åsbatch run - level2.sh

ǒCheck the status of your batch queue
ǒsqueue ïu pjhurska

ǒYou will be notified by email after the job is done, or crashed in an error 
(settings for that in the SLURM batch file)
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Run the batch file
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Example of a SLURM ñstandard outputò



ǒEach datacubehas the following components created automatically:

Å{ǳōŦƻƭŘŜǊǎ ŦƻǊ ŜŀŎƘ ǘƛƭŜ όŜΦƎΦ ·ллллψ¸ллллΣ ·ллллψ¸лллмΣ  Χ Xnnnn_Ynnnn). Under each 

subfolder, output images for each tile and for each image that was processed.

ÅAvailable output products, in GeoTIFFor ENVI format:
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Structure of the Level2 Data Cube
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Quicklooks of one tile in the data cube
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FORCE L3PS - Level 3 Processing System
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Example of a SLURM batch file ïrun -level3.sh

ǒSchedule the batch job for processing:
Å sbatch run - level3.sh
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Level 3 outputs



ǒTemporalaverage
surfacereflectance
01/2016 ς09/ 2019 

ǒAll compositesin 
10m pixelsize
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ǒTemporalmedian 
surfacereflectance
01/2016 ς09/ 2019 
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ǒTemporal
minimum

ǒArtefactsfrom
cloudshadows
visible
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ǒTemporal0.25 
quantile

ǒArtefacts
minimized
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ǒTemporal
maximum

ǒCloudartefacts
visible
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ǒTemporal0.75 
quantile

ǒArtefacts
minimized
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ǒTemporalrange

ǒArtefactsvisible(better to 
useinterquartile range

ǒRevealsspectralvariance
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