& Lyt |
vision on technology |

belspo

SPOIVGTCOLLECTIOR
PRODUCTESERVIANUAL

Authors: Erwin Wolters, Else Swinnen, Carolien Toté, Sindy Sterckx
Version:1.0
Date:15/06/2016




Document control VE GE:I.AT I

DOCUMENT CONTROL

Authors Erwin Wolters, Else Swinnen, Carolien Toté, Sindy Sterckx
Reviewers Dennis Clarijs, Bart Deronde
Approvers CNES

Issuing authority ~ VITO

Release Date Updates Approved by

1.0 15/6/2016 Firstexternal version Bart Deronde, CNES

© VITO N.V. 2@l
The copyright in this document is vested in VITO W& document may only be reproduced in whole or in part, or stored in a retrieval
system, or transmitted, or copied, in any form, with the prior permission of VITO NV.

SPOAVGT Collection 3 Products User Manu Page



Table of Contents

TABLE OEONTENTS

1. INTRODUGDN TO SPOVYEGETATION MISSIQN.......cooiiiiiiiii e 40
2. SPOTVGT INSTRUMENT CHRHERISTICS......ci e WA
2.1. VEGETATION iNStrUMENT AESIGI.......eeiiiiiiiiiiiiit ettt ettt ettt ettt e e e s 41
2.2. GEOMELNC CharaCIEIISHICS. ... eeiiiie ettt e e e e e s ame s enbaee e e e e e anns 43
3. PRODUCT OVERVIEW.......oiiiiiiii e enn e A
G0 Y 51 o] o Yo [ 1o £ SRR 44
T Y ) 2 o] o o L1 o £ O 45
G T2t S ¥ € I o] o o 11 o £ PP PSOSSY 45
T Y N I I o o o 11 o £ S 45
3.3, Data aVailability...........ueiiiiiie e 46
4. COLLECTION 2 PROMIESS. ... .ottt eme e e e e eaaad 47
0t I [ 11 o o U T 4o o PR PPPRSRNRRY a7
4.2, GEOMELIC COMECLION. .. .eiiieiiiiiiieeie e s et iette et e e e e s et ee e e e e s st et enreeeeeessassbeeeeaeessnsseaeameeeeeeanssbeeeeeeeesnnns 48
V{00 T 3= To [T 0 g 1= 1 {o3 T o] <Y i o ) SRS PPRPP 49
4.3.1. TOA reflectance COMPULALION...........ooiiiiiii e e e e e e e e 50
4.4, Pixel qUAIILY 1aDEIIING......uueieeeiiiieieieieeee e 50
4.4.1. Snow/ice and Cloud deteCHIQN............uiiiiiiiiieiiieie e 50
0 N O (o 18 o ] =T (o 111V 1= (= ox 1 T o PP PEEPRRR: 52
4.5, AtMOSPRNEIIC COMECTION.......uiiiiiiiiie ittt ittt ettt et s bttt e e sttt e sbb e e s ssbmr et e e snbn e e e snnneee s 53
L T T V= L (=T Y = oL 1 | PP 53
T © 7o ] P 53
TG T N o 0T X< o T Todir= V=T {0 1= ) S 54
4.5.4. Digital Elevation Model (DEM)......cccooiiiiiiiii s s e s e e e e e e e e e e e e e e e e e e aeae e 55
B T o 0 0] o To 1S3 o T o] e Yo =T U ¢ = PSPPIt 55
5. COLLECTION 3 CHANBEEAMARY..... ittt ee et ene e 56
5.1. Earth-Sun diStanCe error COMMECHION. ... ...uuiiiii ittt ettt e e e e e e e e sam s 56
5.2. Cloud and snow/ice detection MOdifiCatiONS...........c..uuiiieiiiiiiiieiee e 57
5.3. Highfrequency calibration COMrECHION..........ciiiiiiiiiiiie it 58
5.4. Calibration and equalisation over the Field of View (FOM).........cooiiiiiiiiiic e 58
L0 AN o 1Yo ] [ 1= X o= | 1 ] = L1 o] o NV C 3 SRS 58
5.4.2. Absolute calibration VGT2........cooiiiiiiiiiiiieie e 60
5.5. Aerosol optical thickness retrieval modificatian.................ooooiiiiiiie e 62
6. QUALITY ASSESSMENT.. ...ttt e e amr e e e ea e e ea e ees 63
6.1. Comparison between Collection 2 and COllECION 3.........ccuuiiiiiiiiieei e 63
6.1.1. SPOTAEGETATIONL (VGTL)...eiiieiiiiiiieeeiiiiiiieeeeeiiiee e sttt e e e sssieeeaeesssieeessssnneeesssnsnneaasssnnnesd 64
6.1.2. SPOTS/EGETATIONZ (VGIT2)..uuuiiiiiieeeeieiiieiueiniieieeeeeeesesssssssstesnneeesseeessssssnsssssssnnesseseseeesesd 66
6.2. Consistency between VGTL and VGT2.....ccooiiiiiiiiiie ittt et snntee et e e s snbee e s snreee e 68
7. PRODUCT DATA ACCERSB DESCRIPTION.......cccocvieeeiieiieeiieieeeieeevieeveeeieeenn O
7.1. SPOTVGT ProdUCt dAtA ACCESS ... uutiiiueiiieiiiiieiiimtee e sttt e sttt e et e s mrb e e s et e e s anbee e e ebbeeesinnreeeseneee 70
7.2. Product data deSCrPLION........oceiiiiiee ettt ettt e et e s s sbebe e e e e e s snnbeeeeseme e e senneneeeeessend 2
7.2.1.  File Naming CONVENTIONS.......coii ittt e ettt e e e e e e e e e e et e e e e e e e e e e s aas s annnnbeeeeeas 72
A B V€ I = o] o o (1 o] £ PP TP TP 73

SPOIVGT Collection 3 Products User Manu Pagseii



Table of Contents

S T ¥ A o] (o To L1 ox PP PP PP PUPPPPPPPPRPPTIN 74
A S % 10 o o o {1 o SRR 75
7.3. Conversion factors, status map, and geoloCation............ccccevveiiiirieieee e e 75
%S T8 R @70 V= (=T oI = el (o] S PRSP 75
S S - 110 1S\ = T o PP UUUPPPPTPPN 76
7.3.3. Geolocation iINfOrMAtION.........uuueiiii e e e e e e e e e e e e e e e e e e e 76

SPOAVGT Collection 3 Products User Manu Pageiii



List of Figures

LIST OHGURES

Figure 1: SPGYGT spectral response functions for channel BO (blue), B2 (red), B3 (green), and
SWIR (black) for VGT1 (solid line) and VGT2 (dashed line). Vgge&ltion spectra for grass (solid

dark green line), Maple leaf (dashed dark green line), and bare soil (sandy loam, dotted brown line)
are Plotted fOr MEFEIENCE........co i e e 42

Figure 2: VGT2 segment (B2 channel) of 25 January 2014 over East Africa and th&a&iddld4

Figure 3: NDVI image composed of VGT2 S1 observations on 5 January 2014. The colour scale runs

from dark brown (low NDVI) to green (Nigh NDMI)-.........oooiiiiiee e 45

Figure 4: NDVI image composed of VGT2 observations ip2Q1January 2014. The colour scale is
SIMIAr @S IN FIQUIE 2.ttt n e e e e s ennnnneeeee e e BD

Figure 5: The SPO/IGT data proCesSiNg SCNEMIE...........uviiiiiiiiiiiiee e a7

Figure 6: Global distribution of the GCP database (from: Sylvander et al.,.2003)................ 48

Figure 7: Snowl/ice detection decision tree for Collectian.2............ccccvveeiiiiiiiiieeee i 51

Figure 8: Depiction of solar, s#lite, cloud, and cloud shadow geometries (image from Lissens et

= LI 000 ) PRSPPI 52

Figure 9: Concept of NIR reflectance tracing afwasn cloud edge to shadow edge (image from
Lissens et al., 2000)........ccoiiiiiiiiiiiii e e e e e e e e e e aaaaaaaaeaeaaaaaaaaaaaaaa———— 53

Figure 10: Difference (in %) between TOA reflectance vatuésllection 2 and Collection 3 related

to correction of SurEarth distance Modelling...........uvevvveiiiiiii 57

Figure 11 Left: Evolution of thabsolute calibration coefficients of VGT1, Right: Difference between
the new and old relative to the old absolute calibration coefficients.............ccccccoevciviieenennnns 59

Figure 12: Relative difference [%] between the C3 and the C2 equalization coefficients relative to
the C2 equalization coefficients fOr VGTL.........cccoiiiiiiiiiiiiiiiieeeeeeeeeee e 60

Figure 13 Left: evolution of the absolute calibration coefficients of VGT2, Right: Difference between
the new and old relative to the old absolute calibration coefficients............cccccoviivieeeeernnd 61

Figure 14: Relative difference [%)] between the new and the old equalization coefficients relative to
the old ones for VGT2 (for @ SPECIfIC AALB)........uvurriiieiiiiiiiieee et 61

Figure 15: Hovmoller plots of the systematic difference (left) and mean bias difference (right, C2
minus C3) between the reflectances and NDVI from C2 and C3.VGTL......ccccccceriiiinnnnn. 65

Figure 16: Hovmoller plots of the systematic difference (left) and mean bias difference (right, C2
minus C3) between the refigances and NDVI from C2 and C3 VGT2.........ceevvviiiiiienenennnnnd 67

Figure 17: Hovmodller plots of the systematic difference (left) and mean bias diffefegice VGT2
minus VGT1) between the reflectances and NDVI from C3 VGT1 and C3.VGT2................ 69
CA3IdzNE myY {ONBSYySHK2iIA2Y +RPONAQAQAL.MAKYVGKR IS
Figure 19: User registration fOMM.........cooiiiiii et e e e e e e e e e e e e e e e e e e e e e e e e 71

Figure 20: Ordering global S1 files for 1 and 2 January 2014............coooeeiieiiiieicccienn L 2

SPOIVGT Collection 3 Products User Manu Pageiv



List of Tables

LIST OHABLES

Table 1: SPOGVYEGETATION payload and flight characteristics..............cccoociiiiiviiiiniiiiiinnnn 41
Table 2: Spectral ranges (Full Width at Half Maximum, FWHM) and centre wavelengths (in
parentheses) for VGTL and VGT2.........cooo oottt e e e e e e e e e e e aaaa s 42
Table 3:Radiometric resolution (NIR), intraimage consistency, and radiometric calibration
accuracy for all spectral ChaNNELS............cooi e 43
Table 4: SPOYGT geometriC CharaCteriStiCS...........uuviiiiiiiiiiiiieee e 43
Table 5: RMS and 95% absolute location errors for VGT1 and VGT2.............cceevveee..... 49
Table 6: SPOVYGT calibratiomequirements (from: Henry and Meygret, 2001)...........cccccee... 49
Table 7: Threshold values for the SREAT snow/ice detection until 1999............ccccceeeerinee 50
Table 8: Cloud detection threshold values applied until 1999............cccocciiiiieiiniiiiieeed 51
Table 9: AOT retrieval methods used in the SNQT ColleCtions............cccuvvevveeiiiiiiiiiieeeeeee 62
Table 10: Overall difference in status map labelling CollectieiC@8llection 2 for VGT1 (% land
pixels, April 1998 January 2003).......ccouiuuumrriieeiiiirieeeee e e e s e e s e s e e 64
Table 11: Overall difference in status map labelling CollectignC8llection 2 for VGT2 (% land
pixels, February 200BMay 2014).......uuuuueiiieiiieiieiiiee e e et e e e 66
Table 12: Explanation of the filename elementS.............evvevveiiiiiiiiii e, 72
Table 13: Contents of SPUGT FrOAUC............cooiiiiirrrere e e e e e 74
Table 14Contents Of the S1 ProAUCE..........uuiiiiiiiiieee e 74
Table 15: Contents of the S10 ProdUCE...........ooooiiii e 75
Table 16Explanation of the pixel quality indicators in the Status Map...................eeeeeeeeennee 76

SPOIVGT Collection 3 Products User Manu Pagev



List of Acronyms

LIST OFACRONYMS

Acronym Explanation

AATSR Advanced Alondrack Scanning Radiometer
ACE Altimeter Corrected Elevations

AOT Aerosol Optical Thickness

ARPEGE Action de Recherche Petite Echelle Grande Echelle
AVHRR Advanced Very High Resolution Radiometer
BELSPO Belgian Science Poli6ffice

CESBIO /| SYGNB RQ; GdzRSa { LI GAlESa
CGP Ground Control Point

CNES I SYGNB bliaAraz2yltf RQ; (dzRSa
CTIvV Centre de Traitement des Images VEGETATION
DEM Digital Elevation Model

DwWC Digital Chart of the World

EO Earth Observation

ERS European Remote Sensing

FOV Field of View

FTP File Transfer Protocol

FWHM Full Width at Half Maximum

GCM Global Climate Model

GCP Ground Control Point

HDF Hierarchical Data Format

HRVR High Resolution Visible

HTTP Hypertext Transfer Protocol

IPC Image Processing Centre

MERIS Medium Resolution Imaging Spectroradiometer
METOP Meteorological Operational Satellite

MODIS Moderate Resolution Imaging Spectroradiometer
MVC Maximum Value Composite

MvC Maximum Value Compositing

NASA NationalAeronautics and Space Administration
NCSA National Centre for Supercomputing Applications
NDVI Normalized Difference Vegetation Index
b9pnw NoiseEquivalent Delta Radiance

NIR Near InfraRed

NWP Numerical Weather Prediction

Qlv Image Quality Centre

RMSE Root Mean Squared Error

SM Status Map

SMAC Simple Model for Atmospheric Correction
SPOIVGT SatellitePour I'Observation de la Terggvégétation
SWIR ShortWave InfraRed

TOA Top of Atmosphere

TOC Top of Canopy

TOMS Total Ozone Mappin§pectrometer

WGS84 World Geodetic Systeml1984

RS tF .Az2

{ LI GAITE Sa

SPOJAVGT Collection 3 Products User Manu

Pagevi



Document objectives

DOCUMENT OBJECTIVES

This document describes the SP@ET Collection 3 products in terms of data content, format, and
changes to the Collection 2 data set. The Collection 3 data set resulted from a reprocessing action
that was performed in 2012016 after the entire data setdd been acquiredn order for the user

to understand better the changes to the products, the full description of the Collection 2 data set is
provided first. Such comprehensive description was lacking in the past, although most information
could be foundn the SPOIVGTwebsite.

The following topics are highlighted:

9 Brief overview of the SPOIGT instrumental design

1 Overview of the original SP/IGT product suite (Collection 2)

1 Explanation of the various technical and scientific issues that were addrdss¢he
reprocessing

1 An overview of the Collection 3 data content and availability, as well as details on the
metadata attributes

The document aims at giving a clear overview on the various modifications betweerVEIOT
Collection 2 and Collection @ata products. The reader is referred to the reference documents
below for further information on the various topics related to SRGAT (observations, calibration,
validation,etc.).

Reference Topics

Maisongrande et al., 2004: VEGETATION/SPOT: an operg Standard products, improvement:
mission for the Earth monitoring; presentation of new standq new products

products, Int. J. Remote Sens.25 9 ¢ 14, DOI:
10.1080/0143116031000115265

{FAylGz Doz MddgnY a = 9 B19 dnisgioh| Mission  specifications,  scientifi
specifications Version 3European Commission Joint Reseg background, instrument desigr,
Centre (JRC), Ispra3d7 pp. Available from www.spot | spatial resolution

vegetation.com
{IFAYyGE= Doz MddnyY a + 9 B19 ®lodutt| Products specifications, input/outpu
Specifications Version Zturopean Commissioridt Research data, data format specifications
Centre (JRC), Isprald pp. Available from www.spot
vegetation.com

FAQ list. Available from http://www.spot- | Description of the products and the
vegetation.com/fagnew/index.html content

SPOIVEGETATION User Guide, available fihdip://www.spot- | Mission  specifications,  scientifi
vegetation.com/pages/documentation.htm background, instrument desigr

products specifications,
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1. Introduction to SPOIVEGETATIOMIsSION

The VEGETATION Programme was developed joirfisabge, the European Commission, Belgium,
Italy, and Sweden. The satellite components of the programme @P&Id SPO%) were
launched on 24 March 1998 and 4 May 2002, respectively. TBE iNstruments performed
measurements from 21 April 1998 until 34ay 2014 and were tailored to monitor land surface
variables with a neadaily global coverage at a medium spatial resolution of 1 km.

The VGT mission goals were to provide global datssdioiace parameter mappinggricultural,
pastoral and foresproductionandterrestrial biosphere mechanism monitoring and modelling

Its data have been used fanany applicationssee belowthe most important areas, witkan
examplereferenceselection for further reading:

1
1
1

1
1
1

Retrieval of biophysical parameters, shasLAl, fAPAR, albedd®acholczyk et al., 2012,
Garrigues et al., 2008, Verger et al., 2009

Land cover classificatiorLatifovic et al., 2004, Eva et al., 2004, Stibig et al., 2007
Agricultural monitoring and food secuty: Verdinet al., 2005, Rojas et al., 2005, Savin et
al., 2007, Fernandes et al., 2011, lvits et al., 2011

Burnt area detection Tansey et a].2004, Bartalev et al., 2007

Forest monitoring Mayaux et al., 2005, Zhang et al., 2004

Environmental monitoring Boschetti et al., 2013

An exhaustive list of publications using SRT data can be found dtttp://www.spot-
vegetation.com/
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2. SPOIVGTIinstrument characteristics

The \EGETATIOMstrument hereafter referred to as VGT, with additiodQand ‘BQfor the
instruments onboard SPO# and SPO%, respectively,comprises 4 cameras that obsedre
reflected solar radiation in the following bands: BO (BLUE, 0.46 um), B2QRBn), B3 (NIR,
0.85 um), and SWIR1(66 um). The cameras coved a field of view (FOV) of 101°hereby
observinga swath of 2,20 km.The nominalpixel resolution wa 1.15km at nadir, increasing to
~1.7km at the swath extremes

Each spectral band dats own optics with the associated detector unit ihe focal plane. Each
detectorunit contained

an interference filter for spectral selection

a 1728detector linear array

a lownoise amplifier and CCD follower unit

a SWIR dedicated, closed loop acttiermal control concept using a nearby Detection
Interface Unit.

=A =4 -4 -4

Tablela K2 64 G KS A Y payloatavo@ightichesacteristidsy

Tablel: SPOWEGETATIQMyload and flight characteristics.

Altitude [km] 832

Local overpass time at launch [h] 10:30

Inclination [’] 98.7

Coverage [%] 90' (daily 100 for latitudes > +3% 100 (every 2 dayfor all
latitudes)

Payloadmass [kg] 152

Payload dimensions [} 0.7x1.0x1.0

Designed lifetime [yr] >5

Instantaneous Geometric Field of View (IGFO

[km]) 1.15

Figurel showsthe response functions of the four spectral bands ¥&T1land VGT2and also
includes typical vegetation and bare soil spectrall Width at Half Maximum (FWHMpextral
ranges anccentre wavelengths are summarizedTiable2. The VGT1responseis slighty broader
than VGT2n BO and Bat the longer wavelengthavhile theVGTINIR channel has slightly more
response at the shorter wavelengththe VGT1ISWIR channds more or less entirely shiftetd
longer wavelengths, se€able2 and Table3 for more detailson the spectral rangesadiometric
resolution andradiometricaccuracy.
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Figurel: SPOIVGT spectral response functions for channel BO (blue), B2 (red), B3 (green), and
SWIR (black) fovGT1(solid line) and/GTZdashed line).Typical vegetation spectra for grass (solid

dark green line), Maple leaf (dashed dark green line), and barésaailly loam, dotted brown line)
are plotted for reference.

Table 2: Spectral ranges (Full Width at Half Maximum, FWHM) and centre wavelengths (in
parentheses) foW¥GT1 and VGT2

Spectral band VGT1 VGT2 Surfacereflectance
[um] [um] range f]
BLUE (BO) 0.437-0.480 (0.459)| 0.439-0.476 (0.458) 0.0¢0.5
RED (B2) 0.615-0.700 (0.658)| 0.616-0.690 (0.653) 0.0¢0.5
NIR (B3) 0.773-0.894 (0.834)| 0.783-0.892 (0.838) 0.0¢0.7
SWIR (MIR) 1.603- 1.695 (1.649)| 1.584-1.685 (1.635) 0.0¢0.6
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Table 3: Radiometric resolution (MR), intraimage consistency, and radiometric calibration
accuracy for all spectral channels.

Radiometric resolution 8 bits

0 b &)

BLUE 0.003 for the entirespectralrange

RED 0.001 up to reflectance of 0.10, linear increase up to 0.003 for
reflectance of 0.5

NIR, SWIR 0.003 for the entirespectralrange

Intra-image consistency withinanentNB A Yl 3S3> O2 NNBaLM®®5TR any 3
reflectance value

Calibration accuracy Inter-band and multtemporat <3%

absolute <5%

Table4 lists the SPOVGT geometric characteristiasad further provides information on the daily
coverage

Table4: SPOIWVGT geometric characteristics

Spatial resolution | 1.15km at nadirfor both viewing directions

Field of view maximum offnadir observation angle of 50.5°
swath width ~280 km

Geometric Local distortion <0.3 pixel(<0.35 km at nadir)

accuracies Multispectral registration 0.3 km
Oollocation with HRVIR 0.3 km for simultaneous acquisitions
Multi-temporal registration 0.5 km
Location accuracy 1000m

Spatial coverage | About 90% of the equatorial areas ageddaily, the remaining 1% the next day.
Latitudes poleward of ~35fbservedat least once per day.
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3. Product overview

ThevariousSPOIVGT Collectiancomprisehe following products
1 FreeP (Level 2 TOA data)
1 S1 products
1 S10 NDVI continental extracts
9 S10 Radiometrig continental extracts

Below a short description per product is given, users are referred to Seétifom a more
exhaustivedescription per product.

VGTP products comprise Tomf-Atmosphere (TOA) reflectance observations in the original
segmentsover land The dataare adaptel for scientific applications requiring highly accurate
physical measurements. The data acerrected for system errors (error registration of the
different channels, calibration of all detectors along the areay detectorger spectral bangetc)
andprojectedto Plate CarréeThe pixeHdigitalcount (DN)is the ground area's appant reflectance

as seen affop of Atmosphere (TOA). Auxiliatmosphericdata (on water vapour, ozone, and
aerosols)supplied with the products allow users to process thegiorl reflectance values using
their own algorithmsPlease note that thesauxiliarydata are not the actuabnes but amonthly
climatology.The image products cover all part of a \GTsegment.Figure2 shows an example of
aVGTZP segment.

Figure2: VGTXegment(B2 channelpf 25 January 2014 over East Africa and the Middist.
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VEGETATI@

3.2. VGTS products

3.2.1. VGTS1 products

VGTS1 products (daily ysthesis) are composed of the €bt available'surface reflectance
measurements of all segments received during one dapdarlyi KS Sy GANBE 91 NI KQ&
done for eacimagecovering the same geographical aréaghlatitude areasare more frequently
observed and thubave more overlapping partso for these areas the best observatisrselected

from multiple observations The S1 produgtrovides data from all spectral band®80, B2, B3, and

SWIR, the NDVJ]and auxilary data on image acquisition parameteFsgure3 shows an example

NDVI image fronone day oVGT2bservations.

Figure3: NDVI imageomposed o/GT2S1observationson 5 Januar2014. The colar scale runs
from dark brown (low NDVI) to green (high NDVI).

3.2.2. VGT S10 products

The WGTFS10 are global, 18ay composite imagesomposedfrom the 'best availale' SPOTWVGT
observations over adekad' (i.e., from day 1¢ 10, 11¢ 20, and 21¢ end of the month) The
products provide data from all spectral bands (SWIR, NIR, RED, BLUE), thentiBdfkiliary data
on image acquisition parameters.

it -

Figure4: NDVI imageomposed oV GT2observationdor 11 ¢ 20 January 2014. The colour sdale
similar as irFigure3.
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All SPO-VGT dta are availablén Hierarchical Data Format versior{4DF3 format from the VITO
Earth Observation portahttp://www.vito-eodata.be More information on the data access and
registration process can be found in Section

The Hierarchical Data Format, or HDIE a multiobject file format for sharing scientific data in a
distributed environment. HDF was created at the National Centre for Supercomputing Applications
(NCSA) to serve the needs of diverse groups of scientists working on projects in many Bé&lds. H
was designed to address many requirements for storing scientific data, including:

Support br data and metdata commonly used by scientists.

Efficient storage of and access to large data sets.

Platform independence.

Extensibility for future enhancements and compatibility with other standdathformats.

=A =4 -4 =4

H5S C FTAf SRS & OIIBR oMaysd T o éadh@da olj&tthér@ is infrmation Bbout the
data type, the data amount, its dimensions, and its locatiorthi file. Further, HDF supports
incorporating multiple datatypes within a single file.
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4. Collection 2processing

The \GTimagequality reliesnot only on the satellite and the instrument, but also on thewgrd
segmentand in particularthe image processing All data acquired by the&Tinstrumentswere
downloadedat the Kiruna receiving statio(Sweden)and transfered to the Central Processing
Facility(Centre de Traitement des Images VEGETATODN for processingnd archiving

Figureb showsthe main processingtepsused in the GTImageProcessingentre. The main steps
of the processing from raw dateeceived from Kiruna (Levell#&) synthesis data for endsers
(Level 3 comprise the following:

Geometriccorrection
Radiometriccorrection
Pixel quality labelling
Atmospheric correction
Synthesis composition

= =4 =4 =4 =9

dei

1Kiruna
L1A data Geometric .| Radiometric Map
processing “| processing projection

Atmospheric | Cloud shadow | _ CID“‘/‘_& o
correction masking - snowj/ice L2A data
masking product
s1Toc L / S,
MVC E_F & E T

compositing
L3 data ‘*:P : \ NS '
s10TOC @ % &
I .

Figureb: The SPOIVGTdata processingcheme

The separate processing steps described in the following subsections.
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As the main use of &@Tdata was in monitoring thevegetation evolution ovea largetime period,
the need for a very accurate muteemporal registrationwas translated in the following
requirements:

absolute location accuradgss than 1 km

multi-temporal registration bettethan 500m for 95% of the points (i.eat2" A yof® a4 S
Gaussian distribution), with aabjective of 300 m

9 multi-spectral registration better than 300

T
T

Because the gpmetric calibration was done differently fMGT1and VGTZ2 the processing steps
will be explained for each of the instruments separately

Initial preflight assessment of th# GTlgeolocation accuracy revealed Boot Mean Squark&rror
(RME) of ~1 kmand initial postlaunch geometrial performance was 800 min order tobecome
compliant with the user requirements, it was decidedgeneratea Ground Control Points (GCPs)
database to improve the geolocation accuraaythe start of every orbitSPOT lgh Resolution
Visible (HRVIR) instrument chip sets withestimatedgeolocationaccuracy of 300 m,were used
to incrementthe GCP databasevhich finally consisted 03650 GCPs (Sylvander et al., 2003)
Figure6 shows the global digbution of the GCP database

oo L ' I . I . I . ' . ' . i
-180.0 -120.0 -60.0 0o 60.0 120.0 180.0

Figure6: Global distribution of the GCP databgBem: Sylvander &dl., 2003)

Using the GCP database, the geometrpmafformance significantly improved, with a decrease of
the absolute location RMS error from 725 m before March 1999 to 300 m in 2000 and further
improving to 190 m afterwards. Likewise, the 95% absolute location error improved from 1380 m
before March 19990 375 m after 2000The multitemporal registration error decreased from 885

m RME (March 1999) to 220 m.
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The VGT2geolocation requirements were similar to those ¥{5T1 However, as the SP&GT

satellite carried a star tracker dmard, whichprovideR 'y | OOdzN> 6 S S&aGAYLF GS
attitude, no GCP database was requiret VGT2 The final geolocation RMS and 95% errors for
VGTlandVGT2are summarised iffableb.

Table5: RMS and 95% absolute location errors@&T1andVGT2

Absolute location Error Multi-Temporal registration
Instrument RMS MAX(95%) RMS MAX(95%)
VGT1 190 m 375m 220m 450 m
VGT2 170 m 345 m 155 m 320 m

Theuserrequirements with respect to the SPTST radiometricalibrationwere as followgTable
6).

Table6: SPOWVGT calibration requirements (from: Henry and Meygret, 2001).

VGT  calibration
requirement [%]
Absolute calibration accuracy 5
Multi -temporal calibration 3
accuracy
Interband accuracy 3
HRVIR/VGT intercalibratior 3
accuracy

The operational calibration monitoring was initiafpgerformed using osboard calibration lamg
(see Henry and Meygret, 200for more details) but at a later stage vicarious calibration was
necessary due to degdation of the onboard lamps.This vicarias calibration was carried out
monthly over stable desert sites and was validated using Rayleigh calibjs¢i®e.g. Vermote and
Kaufman (1995), Vermote et al., (1992) for more details on the methodobryyfor the inter
band calibration deep convecéwlouds[e.g. Doelling et al., (2013pterckx et al.(2013),Sohn et
al. (2009) and sunglint areagsee e.gHagolle et al(2004) and Vermote and Kaufman (1993)je
results forvGTlandVGTZare summarised below

For VGT1 an extensive calibration was carried out by Henry and Meygret (200thnsisted
among others of available dpoard calibration, vicarious calibration over desert sites, and
calibration over deep convective clouddsing these methods, it was demonded that the
radiometric user requirements were met

For VGT2 several vicarious calibration effortarer desert sitesvere performed In general, the
VGP absolute radiometric calibration was found in good agreement with other sensors, such as
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MODIS MERIS, and AATSReported intercalibration differences are wiin +4% [see e.qg.
Lachérade et a{2013), Bouvet(2014].

The top of atmosphere(TOA) reflectance computation is performed in several step®
compensatdor the differences between eadtetector of the viewing line, the normalization takes
into accountparameters computed athe Image Quality CentreQ\) at CNESwhich gives for
every detector its characteristics. In the instruments, especially in the 36fife detectors wee
blind becausehey werelocated between two dtector chipswhile others wee declared defective
after being hit byprotons. The observations given by tee detectorsvere ignoredand replaced by
interpolated observations from the neigburing detectors Subsequently, the TOA radianceswva
computed from the normalized digital count, usitige absolute calibation parameters from QIV.
Finally, the TOA reflectance waomputed taking into acount the solar irradiance modethe
solarangles, and surearth distance The TOA NDW as also calculatetbr temporary use in the
synthesis procedsg.

Note that the SurEarth distance modelling was not performed accuratelywhich was
communicated to the users on 12 June 2012 see http://www.spot-
vegetation.com/pages/newsupdates.htinMore informationon this issuecan be foundn section
5.1

4.4.1.1. Snowl/ice detection

In the initial version of the processing chain (version Which was operated until 11 May 2001),
snow/ice wasidentified according to the following rulg¢seeTable7):

Table7: Threshold values for the SPOTGT snow/ice detection until 1999

start of operational uselthreshold values
05/12/1997 B0 >0.95 B2 >0.46 B3 >0.47, SWR >0.98
12/01/1999 BO > 0.337; B2 > 0.297; B3 > 0.268%R > 0.164

Forthe snow/ice detection irCollection 2a number of threshold tesisere applied:
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The decision tree fathe V2snowl/ice detection is presented Figure?.

o>

yes

2>

yes

T, 2-0.3865
yes
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T,20.0385
yes

snow No snow

A 4

Figure7: Snow/ice detection decision tré& Collection 2

4.4.1.2. Cloud detection

Version 1(V1)of the cloud detection method consisted of a number of threshold tests applied to
all spectral channels, sdable8 for the threshold values.

Table8: Cloud detection threshold values applied until 1999.

Date of operation

26/11/1998 BO > 0.29B2> 0.5Q B3> 0.50 SWR> 0.50
01/01/1999 B0> 0.1975R2 > 0.147B3> 0.243 SWR> 0.2245
08/02/1999 B0O> 0.337 B2> 0.2745B3> 0.2605SWR> 0.164

Forcloud detection version 2 (V&om 12 May2001 onwards), aralgorithm proposed by Lissens
et al. (20@) was implemented. Th&OA reflectancesere evaluated as follows

A pixel is declare® O f i§ | NI
Rep < 0.2465 ORs\ir< 0.09

A pixel is declare Ot 2ifdzR & Q
RoX N PoRwrK b B PT H
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Figure8: Depiction of solar, satellite, cloud, and cloud shadow geomefirigsge fromLissens et
al., 2000.

Cloud shadow detection is of important® land surface researctas the darlareas casted at the
Earth surface can lead to erroneous vegetation parameter retrievals. The methodology to screen
for cloud shadows is a hybrid between the radiometric approach (see e.g. Zhu and Wo@iiitk

and Ackerman et al., 201@nd a geometric gmoach (see Simpson et al., 2000).

The geometric part of the cloud shadow detection algorithm is presentéissens et al. (2000A

cloud pixel is located at positiop, with the actual cloud being at heightfrom the tangential
plane, i.e., the intesection of the sun beam and the line of sight from the satellite to the cloud
pixel. The cloud shadow can then be found as the intersection of the sun beam and the tangential
plane at the centre. Solar zenith and azimuth angles are assumed to be edbal ¢loud and

cloud shadow pixels. It follows frofigure8 that angle. equals the sum of and the viewing
azimuth angle ,. When. and the distance between the cloud and associated cloud shadow pixel,
r, are known, their position can be calculated using geometry.

Cloud heights are estimated using the gradient in NIR reflectance along the projected path from a
cloud to its shadow ithe image (

Figure9). In case of a cloud shadow, the NIR reflectance will decrease towards a minimum from
cloud to shadow edge. If this change is aba threshold of 20%, a shadow edge is detected. From
the locations of the cloud and shadow edge, the cloud height can subsequently be calculated.
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N

cloud shadow

Figure9: Concept of NIR reflectance tracing away froloud edgeto shadow edge (image from
Lissens et al., 2000

The atmosphericorrectionis based on the use of the Simplifisthdel for Atmospheric Correction
[SMAC, Rahman et Dedieu (1994], which Emplified inversion of théSmethod (Tanré et a|.
1990. The SMA@arameters were derived for th#GTland VGT2spectral bandg{Berthelot and
Dedieu, 1997) The auxiliary data used aSMACinput are water vapour, ozonetropospheric
aerosol and a digital elevation model.

Until 7 April 2008 the 6hourly griddedtotal columnwater vapour from theglobal short term
ARPEGHEumerical Weather Prediction (NWRpdelof Metéo-Francewvasused in the atmospheric
correction. Themodel grid resolution wa$.5° x1.5°(~170 x 170 kA). Geometrical interpolation
was performed to obtain 8/112° 8/112° (~8 x 8 knf) cells andtemporal interpolation wa

performed between the two nearesNWP model outputs taking into account theSPOT

VEGETATION observation time

Since8 April 2008,Water Vapour data areobtained from MeteoServicesThese dateconsists
essentially of the ECMWF total column water vapotro@irly data, butare gridded at a 0.25° x
0.25°resolution

Ozone information is obtained frormabzoneclimatologyfromd KS / Sy G4 NB RQ; G dzRS a
Biosphéreg(CESBIPwhich was composefrom 11 years of TOMS dat@ne global set is available

at 0.25°x 0.25 resolution for each month with the data being representative for day .1%50
calculate corrections for a dain day, the preceding and consecutir®nthly climatology filas

obtained and interpolated linearly.
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Until 10 May 2001 the SPOIVGTimageswere corrected usinga simple staticaerosol model
obtainedfrom CESBIGn which the &rosol Optical Thickness (AOT)swelely dependent on the
latitude of observation

o N3
t550=0.2dcodlatitudd - 0.25)c"sm%titude+%8 +0.05(Eq. 1)
g -

gAGK _ NBTSNMIoel to intrové &e atmospliedc carrectiomn AOT retrieval
methodusing the VGBOand SWIRhannes wasusedfrom 11 May 2001 onwards

The aerosol optical thickness (AOT) retrieval method is based on a method of Maisongrande et al.
(2001), which utilises a relation betwedine TOANDVI and theobserved SWIR reflectance. The
AOT retrieval is performed as lmlvs:

1. For each spectral channel, an initial atmospheric correction is calculakirag only gaseous

absorption by water vapour and ozone and molecular scattering into accotihis initial

atmosphericcorrection is onf applied to pixels thatra labeledl & WKyfth® Ipriid®eding

cloud screening algorithth Y R~ F dzNJi K S NJ y 2 {i . The obt&ifedrBfledtaticeste y 2 4 K

herafter referred to afroc mol

From theNIRoxand RERoareflectances, theNDVio,is calculated.

3. From the NDV}os Ratio=Rwrtoc/ RsLugoc is derived, using the relationRatio =

1.305 exp(3.225NDVkoy. This also gives information ORswir, toc because in the SWIR

spectral range the atmospheric scattering is negligible and B8 toz Rswir,mol

RsLue Tots calcuhtedfrom Ratioand Rswir ro®btained in the previous step.

For aerosol optical thickness values of 0.05, 0.15, 0.30, and 0.50, the difference between

reflectance from SMAC with full atmospheric correction (gaseous absorption + molecular

scattering + aersol contribution) andRs e ro®btained in step 4 is calculated. The retrieved
aerosol optical thickness is one of the four AOT values above for which this difference is
minimal.

6. NDViocmeANd Rswirrocmol @re assessed against thresholds &2 and < 0.4, respectively. For
pixels fulfilling these criteria, the aerosol optical thickness follows from the retrieved value in
step 5. For pixels outside these criteria, the aerosol optical thickness is empirically estimated
based on thdatitudinal function of Eq. 1

N

ok

Subsequently, the obtainedOT representative at 0.55 um saonverted to correspondingdBB2,
B3 and SWIR values using a continental aerosol model and full atmospheric corrections to all TOA
reflectanceswvere performed.

It is noked that the AOT retrievaprocedurewas only applied to pixelscomplying toa number of
criteria, i.e. no snow, NDVI above an empirical threshold (NDVI > 0.2) and the SWIR reflectance
below an empirical threshold (SWIR < 0.4). If these conditigere not met (e.g. over deserts),

then the original fixed latitudinal aerosol "climatologgf Eq. 1was used.Note that due to
computational restrictions the aerosol optical thickness was only retrieved with the above method
for every &' x 8" pixel.
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TheAltimeter Corrected Elevationé\CE Digital Hevation Model (DEM) at 8/112 resolutionwas
usedto estimate air pressure ACE DEMvas composed from Radar Altimeter observations on
board the European Remote Sensing Satellite 1-(F5&e Berry et al. (2000) for more details.

The purposeof compositingis to optimally combine multiple observations over a given time
interval into a single and clodlee synthesis image. The operation starts from atmospherically
corrected segment datéexcept for the TOA NDVI that is calculated for pixel compositing selection)
and takes into acamt the variation in residual clouds and the sensor vigpnand lar angle
conditions.The compositing steps minimizkbe cloud effect andangular variations and maximize
global coverage. This allovigr depicting spatial and temporal variations in vegetation.

Another reason to perform compositing is that daily descend®@OIVGT orbits didnot
completely overlapespecially near thequator. To obtain global coverage, at least two orbiting
dayswere nealed.

The compositing rules to arrive at-tay syntheses are as follows:

9 Observations covered by all spectral bands are preferred over observations covered by
only a few spectral bands.

1 Observations with a good pixel guality indicator for the BO, B&,B® bands are preferred
over observations of less quality.

1 Cloudfree observations are preferred over ice/snow observations, which in turn are
preferred over cloud observations.

1 In case two or more observations are still of equal quality, the observaiigiding the
maximumTOANDVI value is preferred.

Sea or lake is determined from a sea/land static indicator, derived frén thtdt 5 A IA G F £/ KI
2 2 NI IR Danko (1992)]where land areas have been expanded by 5 km to cover the
inaccuracy of the D@, to cover cases of tides or growing river deltas, and not to alter real shore
pixels by interpolating them with null data.
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5. Collection3 changesummary

The decision on reprocessing the entire SRAIT archive was taken to further improve the data
quality to the latest scientific and technical insighasad to correct for known errorsThe major
reprocessing actions taken are listed below.

As the Eaft orbits the Sun in an elliptic orbithe Sun¢ Earth distancdliffers between 147.1
million km (at 3 July) and 152.1 million km (at 3 January). As a result, the amount of solar irradiance
that reaches the Top of Atmosphere (TOA) differs accordingly. The difference in solar irradiance
between January and July is ~7%.

During the preparation of the PROB/Aground segment processing, a review of the VGT processing
was performed. This revealed that the date used to calculate theEzuth distancein the
processing chaimvas fixed.In order to avoid disrupting operatia@h applications based on multi
annual VGT data analysis, it was decided not to change the processing chain at that time, but to
postpone its correction until after the latest VGT acquisition (see also communication to users on
12 June2012http://www.spot-vegetation.com/pages/newsupdates.htjml

The erroneous SuRarth distance modellingirectly impacts the VGP products (TOA), and for
these products, the correction factors were supglito the users. For the synthesis products, the
correction factor could not be applied directly becatise ratio between TOA and TOC reflectance
is not the same for the different bands and mainly depends on the actual atmospheric state

In Collection 3/GT, the Sukarth distance modelling is correctly implemented.

Figure10 shows therelative difference between Collection 2 and CollectioiCBA refectances
The correction results in a seasonellectancechange, with the largest change (7%) on 1 July and
no change on 1 JanuargegFigurelQ). This correction is thus identical from one year to the next
and affects both instruments and all spectral bands in the same way.
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Figurel0: Difference (in %) between TOA reflectance values in Collection 2 and Collection 3 related
to correction of Suikarth distance modelling

In the Collection 2 VGT archive, the cloud and snow/ice detection changmd\Vl to V2 on 11

May 2001. This change resulted in a larger amount of detected clouds. Still, omission errors were
present in the detetion. In the Collection 3 dasat, this was further improved by adding a number

of rules to the existing V2 cloud asdow/ice detection schemes in the processing chain.

Additional rules wee derived from Quesnef2008 and Berthelot(2004)for cloud and snow/ice

detection, respectivelyThese are referred to as CLOUD V3 and SNOW/ICE V3, whereas the C2
algorithms are both V2.

The oder of the detection is the following:

9 First, both the V2 methods are applied (CLOUD and SNOW/ICE). Outputs are a cloud_V2
and snow_V?2 flag. After this step, the cloud shadow detection is performed.

1 Next, the SNOW/ICE V3 detection is done, which createsporary output snow_V3 flag,
as well as a flag for band saturation.

1 Then, the V3 cloud detection is added, which creates a temporary output cloud_V3 flag. No
check is done in the following cases:

A LT /[h!5 xu NBOGddNYySR | aOf 2dzRé¢ 2NJ adzyOS
A If SNOW/ICE V3 resulted in a snow_V3 flag.
1 If a temporary cloud flag exists, it is first applied. Only after, a temporary snow flag is
applied. Then, the cloud shadow is applied for the cloud_V3 flags.

The result is that more clouds are detectedsudl checks have shown that theris a large
improvement. A full validation of the cloud and snow/ice masking is planned.
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EachVGT and VGT2letector wascalibratedduring commissioningHowever, @er time, these
detectorshave evolved differently, while no calibration corrections were applied. This eventually
resulted in stripes in the image&n investigation on théemporal evolution of thehigh-frequency
OFfAONIGA2Y FILOG2NRE 61 & O NNBftRlesENAB)UING VAGTKS / S
and VGT2 images over the Antarctic Dome C station, it appeared that the stripe effecta/eliere

visible throughout the entire VGT1 and VGT2iardoe P segments

Subsequently, new higliequency calibration factors werealculated to mitigate the striping
effects. More information on the methodology and derived new calibration coefficients can be
found in Quang et al. (2015).

In the reprocessing, both the absolutalibration and the equalization factors over the field

view (FOV) were revised. The aim of the adjusted absolute calibration is to better characterize the
conversion of digital counts measured by the instruments into reflectance values and in particula
tobSGGSNI Y2RSE K2 genditidtp evdlvgdioueNtizy Srigitél fif@@ime. The improved
relative infield calibration corrects for the s@ f £ SR Wa YA t SfAtmEsphHers JOA) ¢ K S
radianceRroais related to both factors and both hate be taken into account simultaneously:

. 00
"5 8Q
the absolute calibration which is a function of time
the equalizationwhich varies over the field of view and over time

the digital number
the spectral bad

In addition, an adjustmint was done to remove the higihrequency noise in the SWIR channel.

Figurell shows the evolution of the&/GTL absolute calibration coefficients over time and their
difference expressed in percentage relative to the old set of coefficients. A positive difference
indicates that the new calibration coefficient is higher than the one of Collection 2 (C2) and that
the TOA radiance is lower, given that the equalization is unchanged.

For all bands, the differences in calibration coefficients between C2 and C3 are verg (k1i%é).
The largest differences in absolute calibration coefficients are observed for the first year (1998 till
mid 1999). Afterwards, a gradual decrease in calibration coefficients is observed for the BLUE, RED
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and NIR bands. For the SWIR band, a sliginease in the absolute calibration coefficient is seen.
The absolute calibration of the RED channel shows the smallest differences between Collection 3
and Collection 2.

Evolution of the absolute calibration
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Figurell Left: Evolution of the absolute calibration coefficientsv@®1L, Rght: Difference between
the new and old relative to the old absolute calibration coefficients

The change in equalization over ti@®Vvaries only slightly over time. Those for one particular
date are shown irrigurel2. If the percentage difference is positive, the equalization coefficient is
higher than in C2, resulting in lower TOA reflectances with unchanged absolute calibration
coefficients.Overall, tle change in the calibration coefficients\6G T lis limited.
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Figurel2: Relativedifference[%] between the C3 and the C2 equalization coefficients relative to the
C2 equalization coefficients foiGTL.

Figure13 shows the evolution of th&/GT2absolute calibration coefficients over time and their
difference expressed in percentage relative to thd skt of coefficients. A positive difference
indicates that the new calibration coefficients are higher than the old ones and that the TOA
radiance is lower, given that the equalization is unchanged.

Overall, the changes in calibration are larger Y6 T2than for VGT1 For BLUE, the difference
between C2 and C3 calibration coefficients gradually increases, resulting in a reduction of TOA
radiance. For the RED band, the difference varies over the years: from summer 2003 till approx.
April 2004 the C3 caliation coefficient is lower (resulting in higher TOA radiance), while for-2006
2007 the C3 calibration coefficient is higher. Only marginal differences are observed since 2009. For
NIR, the difference varies over the years, but overall the magnitude dafitfezence is limited. The
change in calibration between C2 and C3 is almost negligible for the SWIR channel.

Evolution of the absolute calibration Percentage difference of absolute
coefficientsVGDR calibration coefficientsVG
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