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Changelog

Issue  Changes Date

1.0 First version 02/07/2019

1.1 Revision according to CCI_HRLC_Phl_KO+9 RID_ESA.xlsx 25/09/2019

2.0 Document entirely updated according to current statosthe processing 03/01/2020
chain.Final legend is included.

3.0 Global revision of the document updated with processing chain with its § 23/11/2020
at the end of the second year of activity.

3.1 Updated version according to CCI_HRLC_Ph1_ARE3RMsx 04/12/2020

4.0 Updated figures in Section 2. SectiBnhas been updated with the pre 31/10/2022
processing improvements. Section 6 has been updated, SVM descriptio
been moved here, the use of GLCM and DEM as feature is reportec
inclusion of traimg points from the available land cover agreement and
division of areas in ecoregions has been includgdction 7.2 has bee|
updated with the descriptions of the urban and water detectd®ection 8
now describes the cascade model, the harmonizatiosdoies (spatial anc
temporal) and the fusion post processirgection 9.2 has been added wi
the description of the PCC mask application in the CD produ@iection9.4
has been updatedvith the steps of the miltitemporal change detectior
processing cha. Section8.5.2has been updated with the description of th
temporal consistency checBectionl0 has been added with the descriptio
of the post processing’he whole document includes updated references.

Detailed Change Record

Issue RID Description of discrepancy Sections

1.1 FRO1 The ATBD should report a detaile 7,8,9 Sections are integrated witl
description of the algorithms ani more detailed information
methodologies (reported in the technici and mathematicainsights.

proposal) that should be used to achie
the objective of the project.

We understand that RR#1 activities w
provide better indications on whicl
algorithm candidates on classification, b
a more detailed description of the liste
methods is needed.

1.1 FRO2 Why as Global Product to use as referer 7.1.1 Mention to CORINE Lt
the unique map described is CORINE | (removed) product as global product
CLC is not global. has been removed

1.1 FRO3 Why training the S1 data using i 7 Further clarification has
reference the 300m C&IC maps? We ar been added

going to lose the HR of S1 data, or ar
wrong? Please add some referen
document using this technique

3.1 FRO1 From the documentation it sems that 2,3,7 The atmospheric correction
you will apply Sen2Cor to S2 L1C data, has been removed from the
this will not be the case because you w block scheme, and thmput

download S2 L2A, therefore the AC will
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applied only on Landsat data if you w products to the processing
download L1. (e.g. in Figure 2 AC ¢t chainhave been specified.

should be removed for S2 data).
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1 Introduction

1.1 Executive summary

Algorithm development is specificalgimed ataddresing the technical requirements as providday the
outcome of Task 1 of the projedBest performing algorithmhave been selected among proposed candidates
through an internabenchmarkingtesting iteration by the Earth Observing Science (EOS) tessdocumented

in PVASRT hefinal processing chain as developiedthe three year®f project activity is presented in this version
of the document.

1.2 Purpose and scope

The Algorithm Theoretical Basis Document (ATBD) déteilgorithmsincludedin the processing chaimeeded

to producethe land cover products as presented in the F&D3] It is intended to provide informatiofor the
understandng of the processing chaias a wholeThis ATBD versiois mature, it encapsulates all the updates
and modifications that were introduced to address the feedbacks coming from the validation and
intercomparison activities during the first benchmarking and testing stages of the prajest version of the
document integratsin the whole prgect workflow and it identifies asiain blocks o€omputation the following
ones

I Optical preprocessing.

1 SAR p-processing.

1 Multi-sensor geolocation.

1 Optical data classification.

1 SAR data classification.

9 Decision fusion.

1 Multitemporal change detection and trend analysis.

1.3 Applicable documents

Ref. Title, Issue/Rev, Date, ID

[AD1] CCI HR Technical Proposal, v16103/2018

[AD2] CCI Extension (CCl+) PhagdNew ECVe Statement of Work, v1.3, 22/08/2017, ESSIPRGMEOPS
SW17-0032.

[AD3] CCI_HRLC_Pbi1l.2 PSDlatest version

[AD4] CCI_HRLC_Pb1.1 URD]atest version

[AD5] CCI_HRLC_PbR.1 PVASR, latest version

1.4 Acronyms andabbreviations

6S Second Simulation of a Satellite Signal in the Solar Spectrum

AC Atmospheric correction

AMI Active Microwave Instrument

AOT Aerosol Optical Thickness

ASAR Advanced Synthetic Aperture Radar

ATBD Algorithm Theoretical Basis Document

BEAST A Bayesian Estimator of Abrupt change, Seasonal change, and Trend
BFAST Breaks For Additive Seasonal and Trend

BOA Bottom of Atmosphere

BowW Bag of visual Words
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CClI

CD
CFMask
CMA
CMG
CNN
CVA
DARD
DDV
DEM
DM
DSM
DTW
ECV
ERS
ETM
ETM+
FC

FS
GCOS
GMM
GSFC
HLS

HR

IFK

INT
IRMAD
L-5/7/8
LandTrendr
LaSRC
LC

LCC
LEDAPS
LLC
LOP
LPF
LSTM
LTS
LUT
MDDTW
MEaSUREs

Climate Change Initiative

Change Detection

C Version of Function ®fask

Climate Modeling GridAerosol
Climate Modeling Grid

Deep Convolutional Neural Network
Change Vector Analysis

Data Access Requirement Document
Dark Dense Vegetation

Digital Elevation Model

Dissimilarity Measure

Digital Surface Model

Dynamic Time Warping

Essential Climate Variables
European Remote Sensing
Enhanced Thematic Mapper
Enhanced Thematic Mapper Plus
Fully Connected

Feature Space

Global Climate Observing System
Gaussian Mixture Model

Goddard Space Flight Center
Harmonized Landsat/Sentin2l

High Resolution

Improved Fisher Kernel

Integer

Iteratively-Reweighted Multivariate Alteration Detection
Landsat5/7/8

Landsatbased detection of Trends in Disturbance and Recovery
Landsat Surface Reflectance Code
Land Cover

Land Cover Change

Landsat Ecosystem Disturbance Adaptive Processing System
Localityconstrained linear coding
Linear Opinion Pool

Low Pass Filter

Long Short Term Memory

Landsat Time Series

Lookup Table

Multi-Dimension DTW

Making Earth Science Data Records for Use in Research Environments

high resolution
i land cover
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MFDTW Multi-Feature DTW
MGRS Military Grid Reference System
MLRNN Multi-Layer Perceptron Neural Network
MMU Minimum Mapping Unit
MODIS Moderate Resolution Imaging Spectroradiometer
MR Medium Resolution
MSS Multispectral Scanner
NA Not Applicable
NASA National Aeronautics and Space Administration
NCEP National Centers for Environmental Prediction
NDI Normalized Difference Index
NDVI Normalized Difference Vegetation Index
NIR Near infrared
NSPI Neighbourhood Similar Pixel Interpolator
OA Overall Acuracy
OLl Operational Land Imager
OMI Ozone Monitoring Instrument,
PCA Principal Component Analysis
PSD Product Specification Document
QA Quality Assessment
RBF Radial Basis Function
RD Range Doppler
REFEREE Learning a transferable changle From a recurrent neural network for change detection
RF Random Forest
RNN Recurrent Neural Network
S1/2 Sentineil/2
S2AC Sentinel2 Atmospheric Correction
SAR Synthetic Aperture Radar
SIFT Scale Invariant Feature Transform
SITS Satellite Imag Time Series
SLC Scanline corrector
SM Similarity Measure
SoWw Statement of Work
SR Surface Reflectance
SRTM Shuttle Radar Topography Mission
SSFA Supervised Slow Feature Analysis
ST Similarity Trend
STWR Spatially and temporally weighted regressi
SVM Support Vector Machine
SWIR Shortwave infrared

TIMESAT Time Series of Satellite data
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TIRS Thermal Infrared Sensor
™ Thematic Mapper
TOA Top of Atmosphere
TOMS Total Ozone Mapping Spectrometer
TS Time Series
UEXT Urban EXTraction
UTM Uniwersal Transverse of Mercator
VHR Very High Resolution
VLAD Vector of locally aggregated descriptors
WGS84 World Geodetic System 1984
XML Extensible Markup Language
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2 Processinghain overview

The CCI HRLC project will deliver to the climate community regional land cover (LC) and land cover change (LCC)
products over three areas in Africa Sahel band, Amazon and SiiROEAD4] LC maps will be provided at 10m
resolution for year 209 (the sccalled Static Map) and at 30m resolution for the historical record of LC and LCC
from 1990 on every five yearsThe highresolution classification legend as agreed by the Consortium is listed
URDADA4] The processing chaioutlined inFigurel andFigure2, isnoveland it does not rely on already existing

land cover products.
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Figure2. Blockbased representation of the processing chain for the productiorhigtorical HRLC maps

The high-level workflow of the processing chain is presented kigurel and Figure2. Optical multispectral

imagery is the main source of data as input for the classificalibe optical processing chain is caaint with

the possibility to work mainly witimagesat 10/30m resolutiorand generatingan output at 10/30m, based on
multitemporal multispectral data from-3 and L8 in the recent yearandlegacy Lands&b/7/8 data in the past.

The SAR processing chaiitl beimplementedmainly for S1 in the recent years, and ERS and ASAR data sets in

the past (whenever and wherever HR mode data are available). Microwave dataesetseful for classeghere

SAR has proveto be accurate at medium resolution, such as water bodies and coastal lines, and the option to

use SAR for urban areas is considered as well. The products obtained by the optical and the SAR processing chains



































































































































































































