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FORCIs a software project,
which is intended to be a
Landsat+Sentiné 'alkin-one
solution' for generating
atmospherically and
topographically corrected,

guality screened images, image
composites and basic time series
products tailored for larg@area
and multitemporalapplications.
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Main features 1/3

0 Written in C, parallelization wit@penMPAPI Commanedine!
O Integration of Landsat 48, and Sentine? A/B as VirtuaConstellation
0 Data managemenof L48 and S2Level 1data, download

0 Generationof Analysis Ready DatgARD a.kalLevel2 data
A Advancectloud and cloud shadowetection (odified  fmask )
A Quality screening
A Integrated atmospherfcandtopographié correction
A Adjacencyeffect correction
A BRDF reduction
A Resolutiormerge of Sentine? bands20m-> 10m
A Datacubing:reprojection/ gridding

!Radiativetransfer model ofTanréet al1990
2Modified c-correction of Kobayashi & Santymoie2008



Main features 2/3

0 Generation ohighly Analysis Ready DataARD a.kalLevel3
A Large areaGapfree
A BestAvailable Pixel (BABdmposites
A PhenologyAdaptive Composites (PAC
A SpectralTemporal Metrics (STMYA Y X YI EX YSIFys N}y3Ss

0 Generation ohighly Analysis Ready Data pl(sARDG-)a.kaLeveld

A Time Series generation: spectral bands, spectral indices, Spectral Mixture Analysi:
(SMA)

A Time series folding
A Time series interpolation
A Time series statistics
A Trend analysis
P & A Change, Aftereffect, Trend (CAT) analysis 5
SYKE A Land Surface Phenology (LSP)



Main features 3/3

0 Detaileddata miningof the Clear Sky ObservatiofCSO)
availability

0 Data Fusionimproving spatial resolution of coarse continuous
fields:
A MODIS LSP medium resolution LSP.

A Improving spatial resolution of lower resolution ARD using higher
resolution ARD: 30m Lands&t 10m using Sentin& targets
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Data Cubes in FORCE

{ grid origin tile
L tile size
tile 1D:
X0000 TTX0001.Y0000 | X0002_Y0000

data cube

dataset?

4

15840826 LEVEL2 INDOSIROA
19840825_LEVELZ_UNDOSEQAI

19990906_LEVEL2_LNDO7_BOA
19990906 _LEVEL2_LNDDY_QAI

20130810_LEVELZ_LNDOZ_BOA
20130810_LEVELZ_INDOS_QAI

20160807 _LEVEL2_SEN2A_BOA
20160807 LEVEL2 SENZA QA

20180822 LEVEL? SENZ2BEB0D
10180822 LEVEL2_SEN2D,

product
SY K Figure 1. Overview of gridding and data cube terminology used in FORCE (Framework for Operational

Radiometric Correction for Environmental monitoring).
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General workflow
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Figure 2. Overview of FORCE, general workflow. ARD—analysis ready data; hARD—highly analysis
ready data; hRARD+—highly analysis ready data plus; DEM—digital elevation model; CSO—clear sky
observation; LSP—land surface phenology; CF—continuous field; CR—coarse resolution; MR—medium
resolution; WVDB—water vapor database; ESA—European Space Agency; USGS—US. Geological
' Survey (USGS); NASA—National Acronautics and Space Administration
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FORCE In Taito

[pihurskale308 kilil$ 1s -1 fappliearth/forcesv2,1/bin
total 4828
16:22 force

>4 I t ” d t T t ] —ruxruxr-x 1 ejarvine cec 8563 Dec 4
O nS a e O al O In “rwxruxr=x 1 ejarvine cec 475864 Dec 4 16:22 force-cso
=ruEruEr=x 1 ejarvine cec 477344 Dec 4 16:22 force-improphe
December 2018 (VZ_ 1) —ruxruxr—x 1 ejarvine csc 479128 Dec 4 16:22 force-12imp
“rwxruxr=x 1 ejarvine cec 474992 Dec 4 16:22 force-1Zps
v =ruEruEr=x 1 ejarvine cec 11018 Dec 4 16:22 force-levell-landzat,zh
(@) Load mOdUIeS' —ruxrwsr—x 1 ejarvine csc G767 Dec 10 10:49 force-levell-zentinel?-long,sh
“rwxruxr=x 1 ekkylli csc 8211 Dec 12 12:53 force-levell-zentinel2_nv,sh
=rwErwEr=x 1 ejarvine cgc 8209 Dec 10 10:49 force-levell-zentinel?2,zh
module load force gnu - pal‘allel —ruxrwxr—x 1 ejarvine csc 4717 Dec 19 09:03 force-level2,.zh
=“rwxruxr-x 1 ejarvine cec 481408 Dec 16:22 force-level3
)4 . . . =puxzrwzr=x 1 ejarvine czc 474120 Dec 16:22 force=lut-modiz
O LISt avallable CommandS —ruxruxr-x 1 ejarvine cec 2450 Dec 16:22 farce-mosaic,sh
“ruxruxr-x 1 ejarvine cec 11480 Dec 16:22 force-parameter-czo
. =puxruzr=%x 1 ajarvine csc 11256 Dec 16:22 force-paranater=-improphe
I l —ruxruxr-x 1 ejarvine cec 11096 Dec 16:22 force-parameter—12imp
16:22 force-parameter—level 2
16:22 force-parameter-leyel?
16:22 force-parameter—tza
16:22 force—gai-inflate
16422 force-quicklook=levelZ, h
16:22 force—quicklook-level3, sk
16:22 force-tabulate-grid
16422 farce=tile=findar
16:22 force-tza

Is
. “ruxruxr=x 1 ejarvine czc 12000 Dec

/ app| /earth/force/vz_]_/bW] =ruxrwxr=x 1 sjarvine cec 14584 Dec
—ruxruxr-x 1 ejarvine cec 13992 Dec

—ruxruxr-x 1 ejarvine cec 47E096 Dec

6 Note, Some Commands haVE-rwxrwxr-x 1 ejarvine csc 1970 Dec

A N s A o —ruxrwxr—x 1oejarvine cec 2472 Dec
Sh S E u S y' a 7\ 2 y —ruxruxr-x 1 ejarvine cec 477872 Dec
A =ruxruxr=x 1 ejarvine csc 472936 Dec
—ruxruEr-x 1 ejarving cec 478408 Dec

[pihurska®c3og kilils |

o i = R S R S e s
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FORCE L1AS - Level 1 Archiving Suite

[ \I download ﬁ L1AS (Sentinel-2)
USGS »  L1data N
query
A Y > parameters Y l
L]
L1AS (Landsat I
: download + ingest/replace Copernicus API
ingest/replace I Hub
no : no l
1
O image 1 < > image
ingested? _: ingested? metadata and
data pool data pool
file queue file queue
|4 I 4
|

v

Figure 3. FORCE Level 1 Archiving Suite (L1AS) workflow.
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Example: Download 3+ years of S2 images
from Kilimanjaro, Tanzania

force-levell-sentinel2 + force-levell-sentinel2-long

Usage | force-levell-sentinel2 Level-1-datapool queue boundingbox

starttime  endtime min-cc  max-cc

0 force -levell -sentinel2 -nv.sh/ wrk/ pjhurska / Kkili levell.pool
"37.841/ -3.58,36.97/ -3.58,36.97/ -2.805,37.841/ -2.805,37.841/ -
3.58" 2016-01-01 2019-02-01085

0 Downloadsall available sentineR images from thearea of
Interest, from 1Jan2016 untill Feb2019,allowed cloud
coverageD-85%

0 You need user account atihub.copernicus.e(user name and
password in a hiddefi A .kciab ¥ A Y e HidddyK 2 Y S
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FORCE LZPS - Level 2 Processing System

file queue J — WVDB

Level 2
ARD

Level 1
data pool

Data Cubing

Figure 4. FORCE Level 2 Processing System (L2PS) workflow. TOA—top-of-atmosphere;
BT—brightness temperature; BOA—bottom-of-atmosphere; QAl—quality assurance information.

Frantz 2019




force -level?2 I mass processing of levell images

Module | force-level2

Usage force-level2 par-file ncpu delay

O After parameters are set, run the actual level2 procesam@a batch job

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

O After processing, the image tequeued-> if you need to reprocessur
Images, youcarsed -i 60s/ DONE/ QU kewkHA.pdold

0 The processednages and #ogfile are written to output dir

SY KE
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Example of a SLURM batch file I run -level2.sh

1

13
14
15
16
17
18
19
20
21
22
23
24

H#!/bin/bash -1

# created: Dec leé, 2018 11:13 EM
# author: pjhurska

#S5BATCH -J run-level?2

#5BATCH --constraint="snb|hsw"
#5BATCH -o levelZ.out

#5BATCH -e levell.err

#SBATCH -p serial

#SBATCH -N 1

#SBATCH —n 1

#5BATCH —--cpus-per-task=10
#SBATCH -t 08:00:00

#5SBATCH —-mem=120000

#SBATCH —--mail-type=END

LE#SBATCH —--mail-user=pekka.hurskainenfhelsinki.fi

srun force-levelZ2.sh levelZ.prm 10 2m

# This script will print some usage statistics to the
# end of file: levelZ.out

# Use that to improve your resource reguest estimate
# on later jobs.

used slurm resources.bash

14



Run the batch file

0 Schedule the batch job for processing:
A sbatch run - level2.sh

0 Check the status of your batch queue
0 squeue Tiu pjhurska

0 You will be notified by email after the job is done, or crashed in an error
(settings for that in the SLURM batch file)

SY KE



Example ofa SLURM nst andard out put

1 87 images engueuesd. Start processing with 10 CPUs
2 Job ID: 37779858
3 Cluster: csc
4 User/Group: pjhurska/pjhurska
5 State: RUNNING
3] Nodes: 1
7 Cores per node: 10
8 CPU Utilized: 19:10:10
g CPU Efficiency: 81.77% of 23:26:40 core-walltime
10 Memory Utilized: 109.89 GB
11 Memory Efficiency: 932.77% of 117.1% GB
12 Job consumed 140.67 CSC billing units based on memory reservation multiplier
13 WARNING: Efficiency statistics may be misleading for RUNNING Jjobs.
_cm— 16
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Structure of the Level? Data Cube

0 Eachdatacubehas the following components created automatically:
A{dzo F2ft RSNE F2NJ SI OK GAf S ¥n8rhIrdanny Undemeacty | n
subfolder, output images for each tile and for each image that was processed.
A Available output products, iGeoTIFBr ENVI format:

BOA Bottom-of-Atmosphere Retlectance (standard output, scale: 10000, nodata: -9999)
TOA Top-of-Atmosphere Reflectance (secondary standard output, scale: 10000, nodata: -9999)
QAI Quality Assurance Information (standard output. bit coding. nodata: 1)
AOD Aerosol Optical Depth (550 nm, optional output, scale: 1000. nodata: -9999)
CLD Cloud / Cloud shadow distance (optional output, scale: 10000, nodata: -9999)
WVP Water vapor (optional output. scale: 1000, nodata: -9999)
VZN View zenith (optional output, scale: 100, nodata: -9999)
.~ HOT Haze Optimized Transformation (optional output, scale: 10000, nodata: -9999) 7
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Quicklooks

of one tile

In the data cube
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FORCE L3PS - Level 3 Processing System

quality
controlled ARD

S - STM
for each §
pixel o
. S ' o ” total score > last obs. ?
corr. matrix - | > es
------------ v E ] Ia‘r:d I >/ y
for each i) Q,
observation 88 i
o wv
X A\ yes > 90% of obs
1 _ ;
compute scores 5
P 7y | ' are water?
yes
| — | [ water } ) yes
| - SWIR2 < last obs.?

Figure 8. Processing workflow of the FORCE Level 3 Processing System (L3PS). STM—spectral
temporal metric; BAP—best-available pixel composite.




Example of a SLURM batch file I run -level3.sh

1 E#!/bin/bash -1

2 # created: Dec 16, 2018 11:13 BPM
3 # author: pjhurska

4 #S5BATCH —-J run-level3

5 #5BRATCH —-constraint="snb|hsw"

(5] #S5BATCH -0 level3.out

T #5BRATCH -e level3.err

8 #SBATCH -p serial

(L]

#5BATCH -N 1

10 #5BATCH -n 1

11 #5BATCH --cpus-per-task=1l6

12 #SBATCH -t 04:00:00

13 #SBATCH ——mem=100000

14 #SBATCH —--mail-type=END

15 L#SBATCH --mail-user=pekka.hurskainenfhelsinki.fi

16

17 brun force-level3 level3.prm

18

19 # This script will print some usage statistics to the
20 # end of file: s2test out

21 # Use that to improve your resource reguest estimate
22 # on later jobs.

23 used slurm resources.bash

0 Schedule the batch job for processing:
SYKE A sbatch run - level3.sh
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Level 3 outputs

BAP
INF
SCR
AVG
STD
MIN
MAX
RNG

SKW

Best Available Pixel composite (optional output, scale: 10000, nodata: -9999)
Compositing Information (optional output, nodata: 1/-9999)

Compositing Scores (optional output, scale: 10000, nodata: -9999)
Temporal Average (optional output, scale: 10000, nodata: -9999)

Temporal Standard Deviation (optional output. scale: 10000, nodata: -9999)
Temporal Minimum (optional output, scale: 10000, nodata: -9999)
Temporal Maximum (optional output, scale: 10000. nodata: -9999)
Temporal Range (optional output, scale: 10000, nodata: -9999)

Temporal Skewness (optional output, scale: 10000. nodata: -9999)
Temporal Kurtosis (optional output, scale: 10, nodata: -9999)

Temporal 0.25 Quantile (optional output, scale: 10000, nodata: -9999)
Temporal 0.50 Quantile (optional output, scale: 10000, nodata: -9999)
Temporal 0.75 Quantile (optional output, scale: 10000, nodata: -9999)

Temporal Interquartile Range (optional output. scale: 10000, nodata: -9999)

21
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