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OBJECTNEAND REFERENCE DOCNMH ION

This document describes the PR@BAroduct chain, the derived products, and tieoduct
DistributionPortal at which the products are disseminated. The objectives of this document are the

following:

)l

E

To present aroverview of the PROBW satellite constellation and the measurement
principles

To provide an overview of the processing chain of the vafRiROBA/ products

To give a detailed overview of then@us datasets angroduct fileattributes

To guide the usethrough the registration andataordering process

Toguide the user in the data viewing and handling

We have attempted tkeep the document concise and comprehensililgerested users on
the various PROBY topics highlighted in this document are rafi to the followingscientific
publications seethe Referencesectionfor their full citations

Document name

Major topics covered Download location

Dierckx, W et al.| PROBA/ mission, datg http://proba-
(2014). PROBX | quality, data compression| v.vgt.vito.be/sites/default/filesflierckx_etal 20

mission  for
vegetation monitoring:| response in

global cloud detection, spectra| 14.pdf
relation tg

standard products and
image quality. Int. J.
Remote Sens35, 2589
(2614,

SPOIVGT

Sterckx, S., et al.
(2014). The PROBA
mission: image
processing and
calibration. Int. J.
Remote Sens 35(7),
2565¢ 2588.

PROBA/ missiondetailed

processing chain overview
radiometric and gemetric

calibration product
distribution

http://proba-

v.vgt.vito.be/sites/ddault/files/sterckx_etal 20

14 .pdf

Francois, M., et al
(2014). The PROBA
mission: The spaci
segment.nt. J. Remote
Sensing 35, 2548 ¢
2564,
doi:10.1080/01431161|
2014.883098.

PROBA/ flight segment,
instrument design,
technology payloads
geometry andradiometry

http://proba-

v.vgt.vito.be/sites/default/filesfrancois etal 2

014.pdf
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1. Introduction

The PRBAYV satellite was launobkd on6 May 2013 and was designed to bridge the gap in
spaceborne vegetationmeasurementdetween SPOVGT(March1998¢ May 2014 and the
Sentinel3 satellites,of which the firstisin orbit since 16 February 2016The PROBA/ mission
objective is to ensure continuity with the SP®GT missia2 Beritage The PROBA/ mission

had a design life time of 2.5 years, but the platform performance (LTDN evolution, payload
performance etc.) is well within requirements and in May 201%vis decided to extend the
mission with another 2.5 yearstil May 2018

The VEGETATIONstrument onboardPROBA/ hasa volume of just over 0.05 fand weighs

only 33 kg.PROBAV flies at an altitude of 82 km ina sunsynchronous orbitwith a local
overpass timeat launchof 1045 h. After launch, the local overpass tiniest increased to
10:50 hin October 2014, followed by a decrease to 10:45 h in June BHduse the satellite
has no onboard propellant, the overpaasie will contnue to decrease as a resultiotreasing
atmosphericdrag Figurel presents the predicted Local Time of Descending Node (LTDN)
evolutionfrom launch until mie2018.

TheVEGETATIONstrument hasa Field Of View of 102resulting ina swath width of 285km.

This swathwidth ensures a dily nearglobal coverage (90%)hereas thefull globalcoverage

is achievedevery 2 daysThe central camera observes at 100 m nominal resolution, which
covers a swth of about 517 km thaensuesglobal coverage everydays.

Proba-V - Predicted Evolution of LTDN
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Figure 1. Predicted evolution of the PROBA-V local overpass time (Local Time of
Descending Node, LTDN).
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PROBA/ observesin four spectral bandsBLUEcentered at0.463um), RED0.655um), NIR
(0.837 um), and SWIRL.6( pum). Observationsare taken at resolutionbetween100and 180

m at nadirand up to 350 and 660 m at the swath extremes for the VNIR and SWIR channels,
respectively (Francois et.aR014) Final PROBX products are disseminated 200 m, 300m

and, 1 km resolution.The instrument and spectral characteristiedll be explained in more
detail inSectionl.2 The flightand payloadctharacteristts are summarized ifiablel.

Table 1: PROBA-V payload and flight characteristics.

Altitude [km] 819¢ 827

Local overpass time at | 10:45

launchlh]

Inclination [°] 98.7

Daily ®verage[%)] 90 (100 for latitudes > +3%

Payload Mas$kg] 33.3

Payload Dimensionfm] 0.2 x0.8x0.35

Designed lifetimefyr] 2.5¢5

Instantaneous  geometrig 969 for VNIR (BLUE, RED, NIR), 188.8WIR
field of view (IGFOVm]

The optical design of PROBAonsistsof three cameras. Each camera has two focal planes,
one for the short wave infrared (SWIR) and one for the visible andinfrared (VNIR) bands.
The VNIR detectorconsists of four lines 06200 pixels Three spectral bands wer
implemened, comparable wh SPOIVGT: BLUE, RED, and .NIRe SWIR detector is a linear
array composed of three staggered detectors of 1024 pi¥elsh used detector line is labelled
as a strip. Each camera therefore has 6 stiijp® instrument plane layout is shownRigure2.

Satellite Flight Direction
| / ,
s
s

(b
@"4@
o
& .
SWIR3 Center Camera SWIR1 ~ e
swr [N swire TR .~
//
(ITTTTT] .
7
4

(13(2) .. pixels .. (1024) //
_______________ different

optical path

1)1(2) . pixels ... (5200)
= o o
FED T T T T T T I T T TP TP TP TP T T T TP T
NIR OO T T T T T T T T T I I ITT1]

Figure 2: PROBA-V instrument layout.

The instrument has been designedchthat the NIR band observéle Earthfirst, followed by
the RED, BLUE, and SWIR bands. As a rasutibservation time difference of 12 s exists
between the NIR and SWIRbands. This difference is accounted for in ground surface
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observations, howeverit impacts the clouddetection, which will be further discussed in
Section2.2.3 Table2 lists the radiometric characteristics of titRROBA/ spectral bands

Table 2: PROBA-V spectral, radiometric, and geometric characteristics. L, refers to the

Top-Of-Atmosphere (TOA)

irradiance at the

respective spectral

band. Geometric

performance values were obtained over the period June 20157 May 2016.

Spectral range|

SNR @b [W m?sr - pm™] at

Stability [%]

Band name Centre wavelengtium] @FWHM fim] | 300 m resolution
BLUE 0.464 0.440¢ 0.487 177 @111
RED 0.655 0.614¢ 0.696 598 @110
NIR 0.837 0.772¢ 0.902 574@106
SWIR 1.603 1.570¢ 1.635 720@20
Radiometric performance

Absolute accuracyls] <5
Inter-channel accuracifs] <3

<3

Geometricperformance

Geolocationmean accuracy
(standard deviation) [m]

BLUE74.31(82.47)
RED :71.74(72.41)
NIR :71.28(7093)
SWIR73.72(73.74
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Fgure 3 presents the spectral response functions (SRFs) for the BLUE, RED, NIR, and SWIR
channels of PROBWA(continuous line) SPOWVGT1(dashed line)and SPOVGT2dotted line)

It can be seen tht differences between the PROBAand SPOVGT SRFs exist and that these
differences are largest for the SWIR band. Note that the spectral responses for RROBA
represent the center camera and that slight differences between the left, center, and right
cameras exist. Appendix A shows detailed plots with spectral responses for all RROBA

cameras.
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Figure 3: Spectral response functions for SPOT-VGTL1 (dashed line), SPOT-VGT2 (dotted
line), and PROBA-V (continuous line) for the BLUE, RED, NIR, and SWIR channels.
Typical vegetation spectra for grass (solid dark green line), maple leaf (dashed dark
green line), and bare soil (sandy loam, dotted brown line) are plotted for reference.

The PROBX productsare similar to theones of SPOIVGT in terms of file structureand
comprisethe following elements
1 Segmentproducts (level 1Cand LeveRA, bothat TOA
The Level 1C producbntains the raw, unprojected observations in segmeasswell
as calibration informationwhile the Level 2A (L2Aproducts contain the projected
segment data. These latter data were designabgaroductsin the SPOVGT era.
1 Synthesis product¢Level 3, both TOA and TOC)
These products contaigaily (S1, aailable at all resolutionggnd multidaily (S5 for 100
m and S10 for 300 m and 1 kifPAreflectanceghat are composed of cloud, shadow,
and snow/ice screened observations. Additionally, -6&anopy (TOQkflectance
and NDViproductsare corrected foratmospheric constituents, such as aerosols and
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gaseous absorptiorSynthesiproductswere previously knowrasSproductsfor SPOT

VGT

Figure 4 shows the flowchart of the product processing chain. The separnateducts and
algorithmswill befurther described in Sectio®.

Geometric Image

Calibration
Parameters
files

processing

- Position and velocity interpolation

- Scanline datation

- Matrix frames transformation
computation (platform, instrument,
detector)

- Latitude/longitude grid computation

Radiometric
processing

- Dark current correction

- Inter-pixel non-uniformities
correction

- Non-linearity correction

- Top Of Atmosphere reflectance

computation

- Satellite/solar angles computation U

Cloud and Ice . SWIR
snow detection mosaicking

Atmospheric

correction Mapeing

- Auxlliaw data - Projection
preparation - Resampling
- SMAC algorithm - Qualit ’:’Ia gcalculation
application e
A Compositing Level 3

S1TOA (S1TOA)

Level 3
(510 TOC)

Compositing
S$10 TOC

/—"7 Internal products
AW End user products

Figure 4. PROBA-V processing chain flowchart.
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2. Product description

This Section describes the various PROB#oducts. First, the various algorithms that are
applied to the raw image data are explained, followed by an explanation of the compositing
rules to arrive at the_evel3 synthesis products. Finally, for all praddypes an overview of the
information content is given.

The upper part oFigure4 (Wevell LIN2 O $ shawad thdubsequent processing stepshich
are performed to obtain thé.evetlC product. The two main processing steps are:

1 Geometric processing
1 Radiometric processing

These processing steps are explained in further detail in the following subsections.

Using the LevelA raw and uncompressed dataa geolocationstep is performed for each
satellite position to determinghe latitude and longitude of thebservedpixel. The satellite
position and velocity are interpolated for each sdare using an orbital propagation model.
The geolocationaccuracy is refined using thgeometric Instrument Calibration Parameters
(ICP) file(see alsdrigured). The ICP file contains the variation in detector viewing direction
relative to the time out of eclipse and the sun beta andlee geometric processing model
additionally calculates the viewing and solar zenith an@l&5A and SZA, respectivelyhich

are required for further processing@.he output of the geometric processing is thevellB

data. The user is referred to Sterckx et al. (2014) for further details on the geometric processing
model.

The radiometric processingverts the digitanhumber countat a certain spectral band (DN)
into physical TOA reflectance valuddrst, the DN number is corrected fdetector non-
linearities, dark currents, and intgrixel nonuniformities. Second, these numbers are
converted to &sensor radiancel [W m? pm™ sr'], using the bandpecific calibration
coefficients derived from the radiometric ICP filgnally, the TOA radianteat a given spectral
bandis converted into TOBandreflectance using:

“Q 0

IY —  x 7
O wé+
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With Rroathe obtained TOA reflectance valug, [d the Earth¢ Sun distancgAU], E, the mean
exo-atmosphericirradiance at the specific spectral baj&v m? um™], with values from
Thuillier et al. (2003)and <the solar zenith angl€]} The output of the radiometric processing
is theLevellC data.

The level 1C data are used as input for further processing in the Level 2 processor, which
consists of the following steps:

Mapping and SWIR mosaicking
Cloud anctloud shadow detection
Snow/ice detection

Atmospheric correction
Compositing procedure

=A =4 =4 =4 =9

Please note that the compositing procedure for the 300 m and 1 km products differ in certain
steps,andthis will be explained in more detail in Sect@®. The separate processing steps are
explained in the following subsections.

In the mapping procedure, the Level 1C data are mappaid a WGS84 geographic lat/lon
projection, using a procedure proposed by Riazanoff (2004). An inverse model is used to
calculate per pixel the original LexvElp, |) coordinates from the Leveé (X, y)coordinates,

with x being the longitudey the latitude, p the pixetin-line, and| the line number. This
mapping is explained in

Level 1 product Lesvel 2 product
uprojected) (user projection)
® b &=y)
Lo P
r'S T
: : %
. $ Direct location model '
H
H e
H
i =
t pe—m= .\ i
m
(p.D

P M

Projected image

Figure 5: The Level 2 mapping procedure.
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The mapping operation is carried out twice, at 0 m and 5000 m above sea level, thereby
resulting in two(p, l)coordinate sets. Thép, l)coordinates at a given altitude are then linearly
interpolated from these two datasets. Orthedification is performed using the Global Land
Survey Digital Elevation Model (DEM) from the Natigxeonauticsand Space Administration
(NASA)/United StatesseologicalSurvey (USGS) Digital Elevation Model (GLSDEM). More
information on the GLSDEM can feeind at http://glcf.umd.edu/data/glsdem/and data can

be freely downloaded from the Global Land Cover Facility (GLCF) FTP site:
ftp://ftp.qlcf.umd.edu/gld/GLSDEM/The data have a resolution of ~90 m and are available in
WRS2 reference format or in degree tiles for the latitudinal rang8S&683°N.

In the last step, the Level 2 pixel values are mapped tkangrid using a stretched tmiubic
interpolation filter (see Dierckx et al., 2014). This interpolation technique was found to be more
accurate for PROBY compared to the standard Houbic interpolation used for SPYIGT1

and SPOVGT2Dierckx et al., 2014).

The SWIR detector of each camera dstssof three strips (se€igure2). After the mapping,

there are still three separately projected SWIR strips. Therefore a mosaicking step is applied to
compose a single SWIR band image. In the overlapping regions the gui@hetric Status

Map is taken into account to select the best pixel ($&¢gure6). More information on the
Status Map dataset is given in Section 5.

Figure 6: Example of the mosaicking algorithm result on the three SWIR strips.

The snow/ice detection for PROBAIs similar to the approach in the SP@FT mission. The
binary snow mask uses five indices éd®n the TOA reflectance observiedhe four PROBA/
spectral bands:
YOY
YOY
vy Y Y
Y Y
vy Y Y
Y Y

Y Y
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Figure 7 shows the decisidree, whichmaps the input to thdinal classificatiorby performing
a sequence of checks on the different indigatues

>

yes

<>

ves

T,>-0.3865
yes
yes
Ts 2 0.0385
yes

snow No snow

Figure 7: Snow/ice detection decision tree.

2.2.3.1. Cloud detection

Clouds obstruct the retrieval of vegetation parameters in satellite observations. Therefore a
proper cloud screening is pivotal in the greocessing of the various vakaelded products.

Recently, many studies as well as feedback provided by usersfigeérseveral issues with the
current operatonal PROBA cloud detection algorithm. The present algorithm is based on the
use of static thresholds applied toglBLUEand SWIR spectral bandsalsecloud detection
over bright surfaces, such as deserts aalt lakes, and flagging of thick ice cloud&asw/iceQ
are among the key problems of the operational cloud screening method.

To overcome these limitations, a new algorithm was recently developed tasdbeen
implemented forthe PROBA/ reprocessing (Collection Bf which the first data have been
released, and with the entire archive expected to be released by Q1 2017

For the sake of clarity, both the current and the new algorithms are described below.
More information on the repscessing campaign is given in Secidn

Operationalcloud detection algorithm(Collection 0)

The operational PROB-V cloud detection algorithms a modified version of the method
applied to the SPOGVYGT BLUE and SWIR observations (Lissens et al., 2000). Using these band
reflectances, two separate cloud masks are create® x 3pixel search mask is applied to
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determine the matching SWIR pixet tbhe BLUE band cloud mask, and the matching BLUE pixel
for the SWIR band cloud mask (deigure8).The final cloud mask is a merge of these two
masking results. Conaped to the SPOVGT cloud mask, some modifications were necessary,
because the assumption that clouds are observed at the same position in both the BLUE and
SWIR bands is no longer valid for PROBAue to the observation time difference. This is
further explained below.

As already indicated in Sectidnthe PROBA instrument design is such that the NIR observes

a cloud first, followed by the REBLUE, and SWIR bands. The time difference between the NIR
and SWIR cloud observations is 12 s. As a result, the NIR and SWIR bands will map clouds onto
different positions in the aloryack direction, with differences up to ~700 m for clouds at 10

km atitude. Other effects of the observation time difference include viewing angle differences
and horizontal cloud shifts. The maximum shift resulting from the latter two effedtsnot
exceedone 300 m pixel alongrack and one pixel crodsack on eitherside.

The cloud detection algorithm accounts for the different observation times as follows.

For the cloud detection based on the BLUE band reflectance, it is checked whether the
observed value exceeds the BLUE band reflectance threshold of 0.2468ditora it is
checked whether the maximum SWIR reflectance value ir3apiel box (i.e., 21 km) above

the BLUE pixel in the image exceeds the SWIR band thresisaligpicted irthe upper panels

in Figure8. If both conditions are satisfied, the BLUE pixel is classified as cloudy. Note that this
3x3-pixel SWIR reflectance test only needs to be applied to the 300 m cloud mask.

Because pixels observed in NIR are mostly observed in front of the BLUE pixel in the image, the
pixel below the BLUE pixel is also categorized as cloudy.

BLUE SWIR
||
Merging two
SWIR BLUE masks 37

Figure 8: The cloud detection process for the BLUE, SWIR, and final cloud masks. The
red pixel denotes the NIR observation. The satellite along-track flight direction is
indicated by the black arrows. The 3x3-pixel SWIR reflectance test is only applied for the
300 m cloud mask.

A similar procedure was applied for the SV8H®8ed cloud mask, but then with an additional
forward 3x3 BLUE pixel window (see the lower paatFigure8). The reflectance threshold

value forthe{ 2 Lw o6FyR G2 €108t | LAESt & WOf 2dzR&
0§KNRdAK YSNAAYy3a GKS . [!9 FYR {2Lw Ylataz oA
WOf 2dzRe Qs NBaLISOGAPSteo
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Improvedcloud detection algorithm(Collection 1)
The improvedcloud detection algorithm addresses the main limitations of the current cloud
detectionmethod, by using a more extensive and sophisticated set of cloud tests.

Theimprovedalgorithm introduces major changes in the following aspects:
9 A supervisedtraining of aclassification schemé¢hat was designed to replace the
operational algorithm for Collection O
9 Highresolution surface albedo data are used as background reference maps
1 The decision to assign pixel toWOf 2 dzR Q wa Nihdd GaarSextétied set of
thresholdtestsand similarity checks

PROBA-V
image Check status:
1-land; 2 -water -
Status 3 - snow/ice; 4 - unknown Apply customlzed_ Apply global Output:
tests for corresponding = tests (all land = loud K
map Reflectance land cover covers) cloud mas
map

Figure 9: Flowchart of the modified cloud detection algorithm.

A flowchart of the main improved cloud detection algorithm steps are highligimtédgure9.

First, each PROBA pixel is assigned to a land cover class based on monthly images provided
o8 9{!Qa [FYR [/ 2@SNIG//ALYS (§BINE RdzQEBS 2FAGKRK OK
Wil SN WaAYy206R0A OSNS dEARBRVYEENY FasNI KSNJ LINR OS
land cover class, background surface reflectances for the BLUE spectral band were generated,
based ona monthly clearsky climatology obtained from Medium Resolution Imaging
Spectrometer MERISP.413 and 0.448 um observationsover the period 2002¢ 2012 In case

of missing datde.g.over areas in the winter seashrcoarseresolution (5 km) broadband (0.3

¢ 0.7 um)9 { ¢ GbbAlbedbsurface reflectance dataere used.

Additionally, reference spectravere built from clearsky PROBX observationgfor specific
land cover types. These spectra reebuilt according to previous experience and literature
reports onerror-prone cases, e.g. snow/icareas semitransparent pixels andalt planes The
concept of reference spectra, with the PRGBApectral bands superposed for convenierise
shown inFigurelO.

! European Space AgencfCl Land Cover Projegt Algorithm Theoretical Baseline Document Versignagfailable online:
http://www.esa-landcovercci.org/?g=webfm_send/75
2 European Space Agency (E&AbAlbedo Pject, http://www.globalbedo.org
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Figure 10: Representative reference spectra for clear and cloudy pixels, with the PROBA-
V spectral bands superposed. Figure adapted from Jedlovec, (2009).

FromFigurel0, several generic observations can be made.

1 clear pixels (except for snow/ice) have low BlriEflectances compared to aldy or

semtitransparent pixels

1 the reflectance ratioBLUE/ SWIR is maller for clear pixels than for cloudy pixels
(exceptfor snow/ice)
SWIReflectances are larger for cloygixels than for clear pixels
clear pixels (except for snow/ice) have a lowedtectanceratio BLUE NIR than cloudy
pixels;

=a =

In the final dep, a set of decision rules wemefined, consisting of threshold tests (on band
reflectances, reflectance ratios or amplitude differences) and similarity checks. The similarity
checks were performed using the Spectral Angular Difference)(S#lth measureshe
cosine of the angle betweetwo vectors. Low SAD values indicate high similarity, while large
SADvalues show low similarity. Thmetric was chosen as it is ideally invariant with the
illumination conditionsThe following reflectances were assessethiadecision rules:
1 the BLUE TOA pixel reflectance
1 the SWIR TOA pixel reflectance
1 the TOA pixel reflectance spectrum (based on the BLUE, RED, NIR, and SWIR
reflectances)
1 the BLUE TOC reflectance from the reference image, evaluated at the image pixel
location using bilineamterpolation.

The decision rulegsee Appendix Bor more details\were tuned on a training dataset, which
was randomly sampled from a seasonally and globally distributed pixel databzsal
validation on a set of manually cloud-screened PROBW imagesshows that the modified
algorithm significantly improves on the current operational claledection; see Stelzer et al.
(2016) for more details on thealidationmethodology and results
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2.2.3.2. Cloud shadow detection

Cloud shadovdetection is also of importance to land surface research, as the dark areas casted
at the Earth surface can lead to erroneous vegetation parameter retrievals. The methodology
to screen for cloud shadows from PRGBADbservations is a hybrid between the iaaetric
approach (see e.g. Zhu and Woodco2k12 and Ackerman et al., 2018nd a geometric
approach (see Simpson et al., 2000).

The geometric part of the cloud shadow detection algorithm is presenté&dguarell. A cloud

pixel is located at positiop, with the actual cloud being at heightfrom the tangential plane,

i.e., the intersection of the sun beam and the line of sight from the sateditihé cloud pixel.

The cloud shadow can then be found as the intersection of the sun beam and the tangential
plane at the center. Solar zenith and azimuth angles are assumed to be equal in the cloud and
cloud shadow pixels. It follows froFigurellthat 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 calculatagsing geometrysee Sterckx et al2014 for

further details.

Figure 11: Depiction of solar, satellite, cloud, and cloud shadow geometries.

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

Figurel?). In case of a cloud shadow, the NIR reflectance will decrease towards a minimum
from cloud to shadow edge. If this change is above a threshold of 20%, a shadow edge is
detected. From the laations of the cloud and shadow edge, the cloud height can subsequently
be calculated. More details on the cloud shadow detection can be found in Sterckx et al.
(2014).
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—

Cloud Cloud shadow

Figure 12: Concept of radiance tracing along the cloud-to-shadow path.

The Level 2A TOA reflectance observations are the resultant of surface reflectance and
scattering, absorption, and multiple reflectisrwithin the atmospheric column below the
satellite (clouds, gases, aerosols). In order to obtain thairectional TOC reflectance values
(Level 2B data), version 4.2 of the Simplified Model for Atmospheric Correction [SMAC,
Rahman et al. (1994)] is usetihis model converts the observed TOA reflectance THC
reflectance using auxiliary water vapour, ozone, and surface pressure data. Water vapour
content is taken from the European Center for MRdnge Weather Forecasts (ECMWF)
Numerical Weather Predich (NWP) model delivered by MeteoServices
(http://www.meteoservices.bg, which is bilinearly interpolated in space and linearly in time.

For ozonea climatology based on 11 years of Total Ozone Mapping Sped&pr{lEOMS)
20aSNDFGA2ya LINBLI NBR o0& GKS /SyiNB RQ; GdzRS
Surface pressure is derived from the Global Land Surface Digital Elevation Model (GLSDEM),
using a height to pressure conversion formula proposed by Plunetna. (2003). Atmospheric
aerosol loads are estimated using an optimization algorithm applied to the BLUE channel. If
appropriate conditions are not met (e. g. over deserts), then a latitudinal dependent AOT is
used (Maisongrande et al., 2004).

The SME algorithm uses a separate equation for each of the atmospheric interaction
processes. Scattering and absorption by atmospheric constituents are parameterized by
analytical formulations, whose coefficients are fitted against reference values derivee Bsth
radiative transfer model (Vermote et al., 1997).

It is noted that, due to thdimited validity range of the regression coefficigntke SMAC
correction becomesncreasinglyinaccurate for SZA > 80T herefore observations for such low
sun elevations (PROBAobserves at SZA up to 8%.are only included in the TOA data (Level
2A).
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The compositiginto synthesis images is performed by thevel3 Processor (seEigure4). The
aim isto optimally combine multiple observations into a single and cldresk synthesis image
Atmospherically uncorrected (Lev2A) or correctedl(evel2B) data are thebasisfor the TOA
and TOC synthesis products, respectiv€oud coverage is minimized through discarding
pixels thatwere labekd as cloudy. In additionngular variations are minimizedvhile dobal
coverage is maximize@he S10 compasting is applied to avoid spatial coverage gagsulting
from clouds and the nowglobal daily swath coverage the tropical areas.

Atmospherically corrected segment files are combined into a glbbaét3 synthesisthrough
application of a Maximum VatuComposite (MVC) technique (see among others Holben, 1986
and Tarpley et al 1984).This technique selects the maximuR®ANDVI(which is additionally
calculated within the compositing algorithmijxelvalues. The following two synthesis products
are generated:

1 S1 (-day synthess) TOA and TOC

f S10 (1eday ordekad synthesesTOCwith starting days at the®, 11", or 2F" day of
a month.For months having 28, 29 or 3ays the SQ of the third dekadcomprises
the remaining days of &t month.

1 For the 100m product alsoS5 TOA and TCiles areavailable. PROBA/ 100 m S5
products are comparable with futloverage 300m S1 productsand arenot real
syntheses Due to the narrow swath of the 100 m camethere is only overlap in
observations for latitudes > ~20This means thabnly poleward of thislatitude
compositing rules can be appliead that within~40° S¢ 40° N the reflectances at one
of the five daysre given

The TIME grid dataset in tH&5 files provides information athich day observations
over specific regions were performedhis information is provided in minutes since
the start of the synthesis period (day 1, 00:00 UFRurel3 indicates the 100 m
observationcoverage after 5 dayflease note thatS5 data can only be ordered for
day(n x5) + 1, withn=[1,5]
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Figure 13: Overview of the 100 m coverage after 5 days. The brighter white areas indicate
overlapping observations.

In order to preserve antinuity between the PROBW and SPOWVGT 1 km productsthe
compositing rules for thd kmresolution differ from the300 m resolution.For clarity@ sake
the compositing rules foall resolutions are listedbelow.

The compositing rulefor the 300m and 100 msynthese are as follows:

1 Observatios covered by all spectral bands are preferred owbservations covered by
only a few spectral bands

9 Observations with a good pixel quality indicator for all barmds preferred over
observations of less quality.

1 Qoud-free observatios are preferred over ice/snow observatignwhich in turn are
preferred overcloudy observatiors.

1 In case two observationsatisfy the rules above, th&ZA and SZAre used to
distinguish optimal from less optimabservationsThe larger the/ZAand/or SZAthe
larger the (twoeway) optical path lengt. Usingthe thresholdspresented inTable3,
20aASNBIFGA2ya NB OFGiS3I2NRT SR a w3az22RQs
2NRSNJ Aa W32 2 R Q(SEeFiguleldorSheldecision®e® B Wol RQ

1 In case twaor moreobservations are still of equal quality, the observation yielding the
maximumTOANDVI value is preferred.
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Figure 14: Procedure to determine the observation quality based on SZA and VZA in the
synthesis processing. Note that in the 1 km processing none of these rules are applied.

Table 3: SZA and VZA threshold values in the synthesis processing. Note that in the 1 km
processing none of these rules are applied.

Rule Limit Threshold
Solar Zenith Angl¢SZA) 90° 60°
Viewing Zenith Angl¢VZA) 75° 40°

The compositing rulefor the 1 kmsynthese are as follows:

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

9 Observations with a good pixel quality indicator foe BLUE, NIR, and RE&hds are
preferred over observations of less qualifhhis differs from theB00 m compositing
ruleinthat{ 2 Lw 20aSNBIFGA2ya gAGK 2SN KFHy w3

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

1 In case two or more observations astll of equal quality, the observation yielding the
maximumTOANDVI value is preferred.

It is noted that due to the compositing consistency with SRGT, neither the SZA nor the VZA
selection rule are appliedt 1 km resolutionAs a result of these ocopositing rules, the 1 km
aA8yUKSaAa LINPRdzOGa oAttt a2YSGAYSa O2yidkAy LA
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FTNBES YR KI@Ay3 | forh® otiser bdddd. VhBse gixelg ¢abe ddéntifiéddira
the synthesis status map by a statusueabf 232 insteawf 248 (seesection5.2).

Such pixels have been flagged because they have an unusually high dark current value
compared to other SWIRixels. In most cases the pixel valilegolved are still reliabland are
handled by the radiometric correction as parttbe Levell processingHowever, these pixels

are considered by the PRO®ACalibrationTeam to have a substandard pixel quality and
should be treated as such by the user.

All PROBA/ data products are projected in a standard WGS84 projection (also known as the
Phte Carrée projection), similar as for the SRPAT products.The 1 km Plat€arrée
projection is defined as 1/122with the latitude and longitude coordinates defined at the pixel
centre. This implies that the pixel boundaries extend + 17Z24 both Iditude and longitude.

For example, if we consider the pixel corresponding to [lon, |tBef, 75°], the upper left
corner of this pixel represents [lon, lat}&B(-1/224°, 75'+1/224).

For the 300 m products, it seems logical to define a projection that contains 336 pixels per
degree, such that 3x3 pixels would map onto a single 1 km pixel. However, users should note
that due to the pixel coordinate definition (which applies to both 1 kmd 300 m), no
proper aggregation of 300 m to 1 km can be performed at the minimum and maximum
latitude and longitude, while such an aggregation can be done within these boundaries (see the
solid grids irFigurel5). Likewise, caution should be taken with the aggregation of 100 m pixels
onto the 300 m grid.

(-180. 75) (-180+1/112. 75)
(-180+1/336. 75 1km
300m
/ =
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Figure 15: Depiction of the Plate-Carrée 1 km and 300 m projection grids. Solid lines
indicate grids with coordinates representing the pixel centre, while for the dashed grid
these represent the pixel upper-left corner.

As a result of the majoimprovemens to the cloud detection algorithm, a reprocessing
campaigrnwasplannedfor the second part of 2016Iogether wititheseimprovements several
other modifications to the data and metadata were included. Theroeessingapplied toall
data from 16 Octobe2013 onwardswas finished in January 2017 and the complete Collection
1 archiveis available sincEebruary 2017Data filesare identified asv101in the filenames

All dataare stored on disk in HDF5 and GeoTiff format for fast acéaesshermore,for the first
time, the intermediatelLevel 2A data productdor the entire collectionare made availablgo
the usersat all resolutions

An extensive comparison betwedPROBA/ Collection 1 and Collection 0 has been recently
been performed, the resultare reported in Toté et al. (20bE This report is available from
the PROBA/ Quality Webpagehttp://proba-v.vat.vito.be/sites/default/filegQuality/PROBA
V%20Collection%201%20Evaluation. pdf

Further, the PROBX and SPQOVGT data were intecompared before and after their
reprocessing and the impact on the consistency between the two missions was assessed. A
short technical note on the main results is available atttp://proba-
v.vat.vito.be/sites/default/files/Quality/Comparison SPOGT PROBW V1.0.pdf

More information on the evaluation of the SP@TGTdataarchive reprocessing can fieund in
Toté et al. (2018), available athttp://proba-v.vat.vito.be/sites/default/files/Quality/SPQT
VGT%20Collection%203%20Evaluation. pdf

The changes thatrere implemented during thd?PROBA/ reprocessing campaign are described
below.

As already explained in Secti@.3.1 a new cloud detection algorithm was developed to
improve on major detection issues in the operational algorithm. This change will give the most
significant differences between the Collectibrand Collection 0 data products.

With changedo the radiometric ICP files, users benefit from improved reflectance values due
to updated absolute calibration coefficients, a bettater-cameraconsistency, and an evall
improvement of the radiometric pixel quality.
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The changes that were made to the radiometric ICP files include:

1.
2.
3.

4.
5.

Inter-camera adjustments to the VNIR absolute calibration coefficients;

The application of a degradation model to the SWIR absolutieraabn coefficients;
Improvement of the low frequency muléingular coefficients (i.e., equalization) for the
SWIR strips of the CENTER camera;

Changes to the dark current values;

Minor changes to the status of bad pixels.

Users that are interested imore details on the above mentioned changes aeéerred to
AppendixC.

Metadata from 16 October2013 topresentwere made compliant to the Climate and Forecast
metadata conventions CFv1.6). In Collection Onetadata were already compliantto these
conventiongfor datafrom 6 January 2016 onwardslore details on the CF conventions can be
found in Sectior.5.

The following bugs in the processing algorithm will be fixed:

1.

2.

Bug fix to limit the impact of orboard compression errors for all data that was
impacted in Collection 0 before D&ily2015.

Bugfix in the processing facility component to update the module that checks the
satellite attitude data. Some Collection data before 10 February2016 might be
erroneouslyflag§ R & Wb2 RIGI Qo
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3. Productdata access

PROBA/ productscan be ordered and downloadeflom the PROBA/ Product Distribution
Portal (PDPat http://www.vito -eodata.be/ Figurel6shows the portahd Y I Ay LJ 3S

O

Figure 16: Main page of the PROBA-V Product Distribution Portal. The registration link is
highlighted by the red oval shape.

To order PROBX data, registration to thePDPis required.Registration can proceed after
clicking K S WwS 3 A alSARIIE A Y Y upbefrighitiodmé& SeeFigurel6 for the
link location.

After clicking the linka form to be filled outoy the user LJLIS N& 2y G2L) 27
page seeFigurel?. The user is requested to provi@elditionalinformation and to accept the
Terms and Conditiong ¥4 SNJ Of A O] Abyitan, an KcBvatidhe-Bal As ZeintSa\tke
userand registration is completedpon clicking the activation link in thereail. It is noted that

in some occasions, the activation maight endup in the junk email folder.
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