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a temporal stack of Sentinel-2 satellite images

showing land cover change to illustrate time
series based change detection
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https://earth.google.com/web/@-9.92060668,-
53.69293828,-
304.56988932a,2010188.02739114d,35y,359.99872992
h,0t,0r/data=Cg86DQgBEQAAAAAAAABAIAE6AWOBMA
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Why detect change?

\/\

A Time series help us study dynamics
A Detecting change helps tmmderstandtrends, time of change, etc.

Verbesselt, J., et al. (2010). Detecting trend and seasonal changes in satellite image time series. RSE.



BEAST .

Breaks For Additive Season and Trends

A Unsupervised Change detection method

A No need for training/labelling
A Understandable, transparent, and reproducible

A Opensource toolkit for detecting change
A Githubhttps://github.com/bfast2/

A R

A Python

A Available via different platforms:
A Google Earth Engine,
A Amazon SEPAL,
A OpenEO

Verbesselt, J., et al. (2010). Detecting trend and seasonal changes in satellite image time series. RSE.



https://github.com/bfast2/

Verbesselt, J., et al. (2010). Detecting trend and seasonal changes
in satellite image time series. RSE.

BFAST
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BFAST Detecting breaks and trends
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BFAST, Verbesselt, J., et al. (2010). Detecting trend and
seasonal changes in satellite image time series. RSE.



BFAST Lite

A Detecting breaks in alomponents at once in single pass
A Can handle missing values

A Provides more parameters and statistics

A Is an order of magnitudfaster than BFAST
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BFAST Lite

A Detecting breaks in alomponents at once in single pass
A Can handle missing values

A Provides more parameters and statistics

A Is an order of magnitudtaster than BFAST

New release of the BFAST package on R CRAN (1.7):
A BFAST Lite, speed and NA handling improvements (Cstlpliog thanks
to Marius Appel)
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Global land cover mappin |

AReusing the same land cover
classification model for the next year
leads to too many spurious changes

AUse BFAST Lite to constrain changed
pixels (CGLBC100)

AOr BFAST Lite model smooth | ‘
output time series of land cover Unlikely land cover change: from urban to water

fractions (ongoing)
CpEeLQ!&%%



https://land.copernicus.eu/global/products/lc

GEE to detect small scale regreening in Africa
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BFAST Classify applied on Landsat and MODIS time series over a floodpla
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Wetland N Ma“ N R Kovacs, G.M., Horion, S., Fensholt, R., 2022. Characterizing ecosystem change in wetlands
using dense Earth Observation time series. RSE. In communication.
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BFASTmonitor
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BFAST, Verbesselt, J., et al. (2012). Neatinealdisturbance detection
using satellite image time series. Remote Sens. Environ. 2012.




GE

Earth Engine Apps

Experimental

Change Detection

Start of History 2015-01-01
End of History 930312017 3 4 5 6 7 8 9 10
- »
Dec 31,2016 Jump to date
Start of Monitoring 0312017 3 4 5 6 7 8
- »
Jan1,2017 Jump to date
End of Monitoring 2018-12-31
h 0.25 C
period 10
alpha 0.05
magnitude -1.21e-31
harmonics 1
Update both maps

3FASTMonitoApp and Package
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GEBFASTmonitgrackage:
https://github.com/bfast2/geeMonitor

Download this dataset at 1528.74 meters/pixel .'
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Hamunyela, E et al. (2020)
Implementation of
BFASTmonitaalgorithm on
google earth engine to
support largearea and sub
annual change monitoring
using earth observation
data.Remote Sensing



https://github.com/bfast2/geeMonitor

Google EarthEngine @  search piaces and datasets
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BFASTmonitaapplied on Sentinel time series usine:
openEQUDF In R (Backscatter Intensity-Mahnd [dB]);

open
EO

BFASTmonitor results: Tapajos/Santarem site,

Break detected at: 2019(19) Para state, Brazil
: of N o
! ’ A overview figure
I
I
: 3.45°S
| 5 -2020 .
| 5 20198
&
I
| . 3.50°S = Boaogs  20°8
| i - s 3
I | =
Iy ‘,I m
Historical d || ‘I": / |" ™ E
—— Historical data \ 3 ©
—— New data | ! "\H l) 5 20192 4078
e Stable history ||I :‘) A\ \ =
—— Fitbased on stable history T | 3.55°8 S 2019
---- Start of the Monltoring period | | g o
--- Time of defected break : = 60 SSODW 60°W 40°W
2017.0 2017.5 2018.0 2018.5 2019.0 2019.5 2020.0
Index 3.60°S

54.85°W 54.80°W 54.75°W

Schramm et al.2021) 13, 1125. https://doi.org/10.3390/rs13061125



EVAL

openforis.org/tools/sepal

SEPAL by FAMA\ccess to BFAST GPU

A System forEarth observation data accesd0cessing, andnalysis folland monitoring
A A computing platformhttps://sepal.io
A Create a timeseries from any sensor, start GPU machineBF&STMonitoGPU version.

BFAST process : BFAST GPU

About
Map

This dasboard application based on the framework, provide the user with a friendly interface to use the of the bfast algerithm.
About
The bfast package provides an efficient massively-parallel implementation for one of the state-of-the-art change detection methods called
proposed by Verbesselt et al.
Source code

Output

Wiki LU I MR RS I RV RSN — ' riodule_results/bfast/[name_of_ input]/[bfast_params]/bfast_outputs.vr

It is a 2 band raster with band 1 being the breakpoints in decimal year format and on band 2, the magnitude of change. This raster has the exact same dimension as

Bug report the input raster.

Example
Here you'll find an example of the first band over the Juaboso Region in Ghana whit a monitoring period between 2017 and 2019. The magnitude is displayed with the

7l

magma colormap, values in [-624, 41

A&  5010/h lindquist [+


https://sepal.io/

Innovations

Large-Scale Change Detection: Peru (Large) s{lomraress
ABFASTmonitaspeeding up: . L_._L

El preprocessing WM kernel
I transfer chunks

PyOpenCL

APXthon & GPU:
AFuthark

A Gieseke, FRoscaS. & Henriksen, T. Massively
Parallel Change Detection for Satellite Time Series
Data with Missing Value2020 IEEE 3612020)

Legend

A Serykh, D. et al. Seasoffakend Time Series B 2010

Decomposition on Graphics Processing Units. in B 2011
2023 IEEE International Conference on Big Data B 2012 10
(BigDatd 59145923 (IEEE, 2023). B 2013 [ Jkm

M=16 396 524, N=488
©) Produced from ESA remote sensing data 25 hours (6 CPU Cores) vs. 17 seconds (Titan Z)



Service Layer Credits: Sources: Esri, GEBCO,
NOAA, National Geographic, Garmén, HERE.
Geonames.org, and other contnbutors

Source: Esri, DigitalGlobe, GeoEve, Earthstar
Geographics, CNES/Airbus DS, USDA, USGS,
AeroGRID, IGN. and the GIS User Community

Legend Legend

GPU BFAST output insets
i 2 Forest loss

- Forest loss 2010-2018 2010
Tree Cover at 2010 - 2011
[:] >30% Tree Cover 2012
2013
Em2014
2015

1,000 NN B2.
I i
Km 12018

Tree Cover at 2010
T T : % Tree Cover
Code is publicly available and can be run on Googlé <m

Colab https://bfast.readthedocs.i0/ M=6 489 380 352, N=68


https://bfast.readthedocs.io/
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A Brakhasi, F., Hajeb, M., Mielonen, T., Matkan, A. & Verbesselt, J. Investigating aerosol vertical distribution using CALIPSO time
series over the Middle East and North Africa (MENA), Europe, and India: A BFAST-based gradual and abrupt change detection.
Remote Sens. Environ. 264, 112619 (2021)

A Bernardino, P. N., Keersmaecker, W. D., Fensholt, R., Verbesselt, J., Somers, B., & Horion, S. (2020). Global-scale
characterization of turning points in arid and semi-arid ecosystem functioning. Global Ecology and Biogeography, 29(7), 12301
1245. https://doi.org/10.1111/9geb.13099

A Hong, X., Huang, F., Zhang, H., & Wang, P. (2022). Characterizing the Turning Points in Ecosystem Functioning and Their
Linkages to Drought and Human Activities over the Arid and Semi-Arid Regions of Northern China. Remote Sensing, 14(21), 21.
https://doi.org/10.3390/rs14215396

A Ngadi Scarpetta, Y., Lebourgeois, V., Laques, A.-E., Dieye, M., Bourgoin, J., & Bégué, A. (2023). BFASTm-L2, an unsupervised
LULCC detection based on seasonal change detection i An application to large-scale land acquisitions in Senegal. International
Journal of Applied Earth Observation and Geoinformation, 121, 103379. https://doi.org/10.1016/}.jag.2023.103379



https://doi.org/10.1111/geb.13099
https://doi.org/10.3390/rs14215396
https://doi.org/10.1016/j.jag.2023.103379

Innovation- Upcoming features and outlook

AAutomatic selection of an appropriate harmonic order
AUserdefined statistics for determining optimal number of breaks
ABFAST Classify support for BFAST Lite
AAn optional structural test to quickly screen large areas
ABFAST integrated into SITS?
A...and your own favourite feature, just let us know on GitHub!
https://github.com/bfast2/bfast/issues U | /\
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https://github.com/bfast2/bfast/issues

More information- teaching

ATutorials
ABFAST Monitor and BFAST Lite using MODIS:
https://janverbesselt.qithub.io/BFASTforAEO/

More info: ADe Keersmaecker, W. et &valuating
Ahttps://bfast2.github.io/ recovery metrics derived from optical
Ahttps://github.com/bfast2/bfast time series over tropical forest

ecosystemsRSE (2022)

Aa At Sy, MZ@aAASsessing Amazon
rainforest regrowth with GEDI and
ICESaR data Science of RS (2022)


https://janverbesselt.github.io/BFASTforAEO/
https://bfast2.github.io/
https://github.com/bfast2/bfast
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A A Evolution of BFAST functions

\/\

BFAS for characterizing land change

Breaks For Additive Season and Trend

using satellite image time series (Sentinel, and Land: @
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BFAST Classify

A Classify segments from BFASTO1 output (i.e. single breakpoint)

A 7 types + 4 subtypes (Bernardino et al. 2020)
AT

A Effective to characterize ecosystem/land change at large scale



SEWAL

SEPAL by FAG\ccess to BFAST GPU

A Create a timeseries from any sensor,

version.

. Deforestation

"III Degradation

- Dense Humid Forest

. Dense Dry Forest

. Secondary Forest
Open Dry Forest

Swamp Forest
. Gallery Forest
. Savanna Woodland
Savanna Shrubland
Savanna Grassland
. Aquatic Grassland
Bare Soil
Cultivated Land

| Kilometers

start GPU machin&8r&s TMonitoGPU

Central Africa processed for
forest change using BFAST

GPU



. GEE BFAST itor VS Original
BFASTmonitor ~ eFastmontor o

Implementation on GEE

e &t

Minor
differences
are observed
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Application: BFASTO1 for land
degradation assessment

Land degradation LD is often defined as a fong
term decreased in vegetation productivity.

However, the processes leading to LD may be
non-linear, andproductivity loss may be
characterized by a significant change of rate

(accelerated degradation). &

Use of BFASTOL to identify the major BP can
support LD assessmenitdprionet al. LDD 2019):

A few examples:

SPAIN (b due to solil erosio
in fruit tree plantations

ITALY (d)Longterm loss in organic carbon OVM O

agricultural soil a& T gradual decrease



