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Change Log

Many passages in this document are from previous EOS MODIS documentation (MODIS ATBD and
User Guide) with revisions and improvemenstgecific toVIIRS. This is a result of the high degree of
similarity between tiisfamily ofsensors, algorithms, amtoduct suites, and to keep a level of consistency
across the product suite.

1 Theshort ATBD with a summary of the science algoritstarts on page

1 The User Guide startsr page ®

1 The Error and Characterization starts on pade 6

1 The Continuity section atts on page’0
Note: Thisis alive documentandwill changeto capture and reflect the status of the science algorithms,
product suite, and to document any necessamyendments to this effort. Updates to this document will
be posted on theNASA LIDAAC

1 https://lpdaac.usgs.gov/documents/184/VNP13 User Guide ATBD V2.1.2.pdf
and thePI Science Computing Facifitpjectwebsite

9 https://vip.arizona.edu/VIIRS _Project.php
In addition to theVIIRS Land science teavebsite, otherNASA DAACand NASArelated websites

This ighe list of changes and updates made to thscument.

Date Status Comments

07/01/2016 First internal draft Never made public

01/01/2017 Second draft For internal review (never made
public)

09/01/2017 First public draft This is the first draft to be
released to the public

09/01/2017 Document URL created The draft will be made public
with a focus on the User Guide

9/12/2017 Changes to the 1km product to start using th The product suite is still in test

11 (red)/12 (NIR) bands when computing VIs| mode and products will be publig

soon.

01/10/2018 (V2.1) Corrected the Data ranges and Fill value for| Public release ready.
some of the VI products.
01/22/2018 (V2.1.1) | Corrected few typos in the Data Tables Public release ready.
02/14/2018 (V2.1.2) | Corrected table referencing in text Public release ready.

04/01/2021 (V2.2) Adjustment to include references to JPES | In addition to SNPP, the
All SDS attributes and HDF tags now mentiq¢ document now lists JPSS

JPSS. (NOAA20) VIIRS also.

Other minor edits.
04/13/2021- In C2 we are adopting a new (external) Lanq The new landvater maskclasses
06/23/2021 Water mask for all VI products. have beerslightly changed to

The Land Water mask iswa@ompletely new | capture the improvementgsee
providing more consistency and accurasier | UG proper section& Appendx-I)
mixed land/water and coastal regions.
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Foreword

Several recent events have highlighted the need for #tmmmn satellite observatios of the
Earthsystem Climate changeand anthropogenic activities aexpected to significantlinfluence
the functioning of terrestrial ecosystems and thereby altbe fluxes of energy, massand
momentum between the land surface and the atmosphere. There has a@antial success in
closing this feedback loop of clinegvegetatiorg interactions However, the accurate
characterization of the land surface vegetation and its seaswraatlifestationremainscrucial to
this effort. Theaccuratequantification in space and time of the land surface vegetation describes
the boundary conditions necessaryo land surfaceatmosphere interactions inmodels,
subsequently better climate modelingnd change monitoring

Land surface vegetation amdlated parametersare a centralundertakingof EarthObserving
andanintegrator of climate and anthropogenic driverswWhile land surface vegetation is measured
by various direct and indirect observatamimethods the \egetationindextime seriesfrom various
Earth ObservingndImagingSystemsis by far the most successfahd globallyopendata record.
The international Committee on Earth Observing Satellites (CEOS) convened a Vegetation
Index/Phenology workshop, ummer 2006and Fall 2016to bring together producers and users
of global VI tine-series datao discuss the current state difie global Vitime seriesrecords, their
accuracy,validation status,derivation methods and how toquantify their uncertainy. The
communityrecognzesthe value of tre longterm AVHRRDV| the now 20+ yeas andexpanding
MODIS NDVI/EVI, and the emergiyPPand JPS$ VIIRSata record and thar importanceto
scierce and global changesearch Ary new datarecord should consider steps to integratey
and significant improvementsrought byEOSMODIS science to insure not only backward but also
forward compatibility with newer sensors and productdlRSs building on thisongoing40+year
old NDVtime seriesand will expand the20+ yearMODISEnharced Vegetation Indetime series.
The VIIR¥egetation Indexeffort is also addressg specificissues in the recos] methodologies,
communityneeds andwill for the first timequantitativelyand explicitlyaddress thaincertaintyin
these recordsn their proper spatial and temporalcontexs.

Vegetation indices are now a standard tool of Earth system science. They continue to play a
central role in global change research, in terrestrial ecology, land cover and¢archange, carbon
cycle, and a host of other themes. Vegetation indices also support ecosystem and climate models
by providing a proxy and an easy tool for the spatial scaling of a list of parameters about the land
surface, primary production, and vegeia phenology Their pervasive use is due to thsimple,
robust, and intrinsic characteristics. Their formulation makes no assumptions about the
observationspr the data used to derive themwhichminimizes the biases and leads to consistent
time-seriesdatathat can be assimilatedasilyinto all sorts of applicationanodels,and research
topics.VIIRS Vegetation Index time series is expected to build upon and continue this tradition and
expand the time seriefor another 30+ years consideririge upcaning NOAAoperational Joint
Polar Satellite System (JPSS) \4éRi€s

The SNPPand JPSS serig$lRS vegetation index (\@lyorithm andproduct suite are building
on the EOS MODI®BNnd surface product suitend will provide reliable spatial antdemporal
measures of coarse resolution global vegetation metrics useful for monitoring the Earth's land
surface vegetation actiwit distribution, and composition while supporting phenological studies,
change detection, and model parameterizatidimese gdded vegetation index mage regularly
generatedat quasi8-day, 16day,and monthly intervals.

Threevegetation index algorithms are produced globathe historicalNormalized Difference
Vegetation Index (NDVDQne of the longestemote sensingbaseal time seriesdata records. PP
and JPS$VIIRS NDWill provide adirect linkto the heritageNOAAAVHRR NDVime seriesThe
SNPP/JPSSVIIRS VI ATBD & User Gui@2.0 1




WOy KIyOSRQ @83 Svadinfrodaet withF@SEDISHa8 aimgroved and highly
sensitive index inhighbiomass regionsEEVimprovesvegetation monitoringy the de-couplingand
mitigation ofthe canopy background signal and empiricalcorrectionof atmospheic influences.
Thethird is the 2band EVI2a reformulation of the standar®-band EVI,that aims at sensor
continuity andthe elimination of the blue banffom the equation EVI2 providea transition index
that will eventually replace EVI and eliminate the need for the blue band, while providoimst
anddirect mechanism for backward compatityiland forward continuity with any sensor that lacks
the blue band, like AVHRR.

VIIRS VI algorithms improwke standard EOSMODISVI compositing methodologes by
minimizing the impact ofesidual clouds and atmosphiercontaminants TheVIIRSVI suite uses
surface reflectance corrected for molecular scattering, ozone absorption, aerasdlsmploys a
constrained view angle maximum value composite-§BXC)method aimed at reducingthe sun
target-sensor angular variations Additionally, all VI data provide detailed perpixel quality
assurance (QA) flags aid postprocessing The suite consistsf tiled productsat 500m and 1km,
and globakoarse resolution clouttee and gagilled Climate Modeling Grid (CMG) products.

This document describeseiproduct suite, thebasictheoretical basis for the development and
implementation of thee SNPP VIIRSI algorithms their characterization error, uncertainty,and
overall performance.

SNPP/IJPSSEVIIRS VI ATBD & User Guitde2.0 2



1. Introduction

One of the primary interests obbservingthe Earths surface with global imagers to
characterize and measutke role of vegetation in largecale global processes with theygoal of
understanding how the Earth functions asystem. Thisequires an understanding of the global
distribution of vegetation types as well as their biophysifahctional,structural propertiesand
spatial/temporal variationsWhile many direct spectral image interpretationethods exist the
simpler method of spectral bandationing or Vegetation mdices (VI)remains one of themost
robust empiricalmethods for characterizintand surfacevegetationhealth andactivity (Tucker
1979, Tucker et al. 2005V egetation indicesre designed to enhance the vegetation reflected
signal from measured spectraesponses bymaking use of the distinctive saikgetation
characteristic in the re@dge area of the spectrum. Vegetation indicgsmbire two (or more)
spectral bandsn the red (0.6- 0.7 um), NIR wavelengths (0-Z.1 um), and Blue 0.44-0.5 um)
regions(Huete et al. 20R). Vegetation indicesime seriesnform us about the status of vegetation
health during the growing season arab it changes in response to environmentdimate, and
anthropogenicdrivers Time series measures of vegetation index have been shown highly
correlated with flux tower photosynthesis measurement dngkgrate the response of vegetation
to change in environmental factors providing valuable informatiiout land cover, land use,
primary productionand carborcycle toglobal change research.

The ecentdevelopmeniof the study of land surface vegetation with remote sensimg series
datais the characterization of vegetation growing season or phenolodyleVyphenology is the
study of change of all living things over time, in this context phenology is the study of vegetation
change over time using remote sensing data and t@BEaubien, etl. 2003 Zhang et al. 2()
White et al. 2009 Because vegetation phenology affetie terrestrial carbon cyelacross a wide
range of ecosystem and climate regim@sldocchi etl. 2001; Churkina edl. 2005; Richatson et
al. 2009) accurate information related to phenology is important to studies of regigoajlobal
carbon budgets. The psence of leaves also influences land surface albedo (Mooad. &096;
Ollinger etal. 2008) and exerta strong control on surface radiation budgets and the partitioning
of net radiation between latent and sensible heat fluxes (Chen and Dudhia, 20@fletYan206).

Thus, the phenological dynamics of vegetated ecosystems influence a host-physiological
processes that affect hydrologic processes (Hogal.2000), nutrientcycling, (Cooke and Weih,
2005), and lanéhtmosphere interactions (Heimann at. 1998) Many data sets related to plant
growing seasohave been collected at specific sites or in networks focused on individual plants or
plant speciesstill, remote sensing provides the only way to observe and moraod cover,
vegetation, angphenology &daglobal scale andonsistent andegular intervalsSatellite phenology
encompasses the analysistbé timing and rates of vegetation growth, senescence, and dormancy
at seasonal and interannual time scale3o that end vegetation indices, which capte the
aggregate functioning of a canopigrar etal. 1984, Huete et al.2002 and2008), are the most
robust and widely used proxies for extracting phenology informafivhite et al. 2009)

1.1. The SNPPand JPSSIIR$latforms

The Suomi National Potarbiting Partnership (Suomi NPP, formerly the NPOESS Preparatory
Project) satellite was launchesh October 28, 2011and subsequentlythe Joint Polar Satellite
System (JPSISrenamed NOAROQ) launchedNovember 18, 201,20 provide continuityfor
more than 30 operational and sciengeality data records initiated byhe earlier MODerate
Imaging Spectroradiometer (MODI&)oardTerra and AQUdNASA Earth Observing System (EOS)
satellites. Tk VIIRS Vegetation Index algorithm and product suillecamtinue thisdata recordthat
datesto My M @ KSy bh! ! QHighReRdtioffRadidneter GANBRR) started this
continuum (Tucker 1979, Tucker et al. 208bgete et al. 2002Brown et al 2006, Didan 2010) and
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will extend these data records to éhnext decadeand beyond. This vital Earth sciericee series
has played a key role isupporing the monitoring, detecion, and quantiftation of global land
vegetation propertieand change over time and space

The Suomi NPP mission is alke bridge between NASA's EOS satellites and the Joint Polar
Satellite System (JPS&ieg of the National Oceanic and Atmospheric Administration (NOAA) and
provides a demonstration and validationtbe JPSS program, sensaagad data products (Goldberg
etal.2011 Murphyet al.2001,Cacet al.2013 Justiceet al. 2013. Withnowyears of largely NOAA
operational use, NAS#as initiatedan EOSMODISike-effort to support the generation afesearch
gradequality climatestandarddata records (CDR) from the Suomi NR®form (and JPS¥I1IRSo
support the scietific community interested ircontinuity, accuracy, and consistency of tluiag
term datarecordand to provide for a transition to JRS8RS

The Visible Infraretinaging Radiometer Suite (VIIRS)ksthe EOS MODIS instruments that
have been collecting critical Earth science data sgach/2000 and haveontinued to build dong-
term climate observatiomecord dating back t4981 by AVHRR. VIIRS, onéwe sensors aboard
the Suomi NPP platform, collects visible and infrared measurements of the land, atmosphere,
cryosphere, and oceans. Key land products from VIIRS are the vegetation indices, both NDVI and
EVl(referred to as EVI3 sometimes in this docunt)eWhile these are currently generated by NOAA
for operational purposes, NAFAarth system objectiveare the applcation of the morerigorous
EOS methods to Suomi N&Rl JPS$datato generate higler quality standarddataandserve the
science commuty while supporing Earth system science research (Justical.€1013).

NOAA goaifor VIIRSvereand will continue to be mostlipcused omear realtime operational
and applicationoriented data needs.However,N! { | Q& Nmitiabyeaksyf pré Knd post
launchwas the evaluation of sensor data records (SDRs) and environmental data records (EDRS)
and assess their suitability for Earth system science. AlthoughSIBR/EDR/IIRS products vary
greatly in their quality and suitability for Earth systenience, the initial assessment indicatesyth
are suitable for Earth system science and applicatidasgas etl. 2013,Justice et al. 2013). The
NASA test Vegetation index data froiRS, generated by an older version of the-HO®IS VI
Algorithm has shown tht the VIIRS VI time serids comparable todata from MODIS. Most
importantly, theinitial evaluation denotes that MODERienceAlgorithmscan easily bappliedto
VIIR$rovidedsensorconsideratiors are observed

1.2. Motivation and Bakground

Driven by asteadyincreasein atmospheic CO2 concentration (Figa)l climate changeis
expected to significantly impact théwo key climate drivers of land surface vegetation,
precipitation, and temperature fg. 1, Figure2 & 3). This wil] in turn, alter the functioning of
terrestrial ecosystems and thereby alter fluxes of energy, nass momentum between the land
surface and the atmosphere (Melillet al. 1996; Watsoret al. 1996; Mintz, 1984; Dickinson &
HendersorSellers, 1988; Rowntred988; Bonaret al. 1992 Saleska etl. 2016, Wu etal. 2016).
There has been limited success in closing this feedback loop of dfjvegtetatiorg interactions,
however, the accurate characterization of land surface phenology, i.e., the seasonal déinting
annual sequence of events in plant I{feig. D), is crucial to this effort, and to link land surface
atmosphere interactions in mode{€laussen, 1994Vegetation is &ey componenbf ecosystem
functioningandLIN2 O SNumescisistudies have demstrated that climate processes operating
at seasonal and interannual time scales (e.g., ENSO) are identifiable in the vegedyaizomic
(Braswell etal. 1996;Asneret al.2000 Myneni et al. 1991
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Figurel: Time series representation of zonally (200 latitudinal bands) averaged CO2 and EVI2. CO2 data from
WMO WDCGG/Japan Meteorological Agency [http://ds.data.jma.go.jp/ghg/kanshi/ghgp/co2_e.html]. VI
data from the MEaSUREB06 VIPESDRsh{tps://vip.arizona.edu/viplab_data_explorer.php Vegetation
biomass, distribution, and phenology timing drive the noticeable differences between the Northern and
Southern hemisphese EVI2 time series captures the CO2 seasonality and the spring pulse, illustrating the
correspondence between VIs and most Ecological metrics of the carbon cycle.

Precipitation A1B: 2080-2099 DJF
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Figure2: a) Multi-model mean changes in precipitatimm dayl) for boreal winter (DJF) and summer (JJA).
Changes are given for the SRES A1B scenario, for the period 2080 to 2099 relative to 1980 to 1999. Dotting
denotes areas where the magnitude of thmilti-model ensemble mean exceeds the interdel standrd

deviation (Meehl et al. 2007, reproduced from IP@LYecadal temperature anomalies (Hansemle2010).

Recentvorkindicatesthat the effects of climate change are manifested in landscagogtation
dynamie (Fig.3) (Randerson et al. 199%{uete et al2006, Saleskaetal. 2016 KA Fiad Ay LIKSy 2
RSLAOG +y AydSaINIGSR o838G1 GA2ly ANEeackIbgaB 8 (2 &
biogeochemical processes, including nutrient dynamics, photosynthesis, water cycling, soll
moisture depletion, transpiration, and canopy physiology (Reich & Borchert 1988; Herwitz 1985).
Ky26f SRAS 27T LK andzhée ehdran@entalicadifiohsacdntraliig &heir activity are
further prerequisite to interannual studies and predictive modeling of land surface responses to
climate change (Myneni eil. 1997; Shabanowet al. 2002; White etal. 2002 Huete et al. 2006
Saleska et al. 200Huete et al 2008 Keeling 1996a1996h Saleska et al, 201Blerrmann etal.
2016). With major shifts in global temperature and precipitation patterns anticipated (ICCP, 2006),
there is increased concern on how land surfaegetation andohenology will change in response
to global warming, land cover change, and shifts in land use activities (Schwartz & Reed, 1999;

SNPP/IJPSSEVIIRS VI ATBD & User Guitde2.0 5


https://vip.arizona.edu/viplab_data_explorer.php

deBeursandHenebry,2005; Cochrane eal. 1999; Gedney & Valdes, 2000; Lambile2003).
DHI (drought hazard index)

60°N -
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100°W 50°W 0° 50°E 100°E 150°E
Figure 3 Global Map of DroughHazard Index (Geng et. 2016). The spatial nature of these phenomena
requires spatially explicit global quantification of the vegetation (ex: VI time series).

Satellite vegetation indices have played a major rolemanitoring seasonal vegetation
dynanics (HendersorSellers 199& 1995 Huete et al. 2002Saleska et al. 200Herrmann and
Didan 2016and interannual comparisons of vegetation activity. Satellite studies using vegetation
index time series seasonal profiles have shown how bsumade changes in land use and land cover
change affect land surface phenology (Whiteab2002, 2009 Huete etal. 2006. The temporal
profile of the normalized difference vegetation index (NDVI) has been shown to depict phenologic
events such as lengtf the growing season, peak greenness, onset of greenness, and leaf turnover
or 'dry-down period and the time integral of the VI over the growing season has been correlated
with NPPGPP (Running and Nemani, 1988; Prince, 1991; Justige 2800 Gowardet al. 1991;
Tucker and Sellers, 1988uete etal.2008). Vs are integrative, consistent, and robust observations
of photosynthetic potential, a key climate parameter (Runninglet988). There is evidence from
satellite data that the phenology of kéyomes is changing in response to shifts in climitgneni
et al. 1997;Keeling et al. 1998/ hite et al. 2002Bogaertet al. 2002; Jiat al 2003;Huete et. al.

2006 & 2008, Saleska et al. 2007), e.g., Myneni €1287) used 40-yearAVHRRDVltime series

of northern Boreal forests to show a warming trend, whereby the length of the growing season had
increased by nearly 2 week#/hether these trends will persist, change direction, or disappear
altogether requires accurate observation atie compilation oflongterm data records.

Whilethe MODIS era is waning down, the continuity of these rec@dsitical to theresearch
and applicationof remote sensing communés. In this documentwe will present adetailed
description of theSNPPand JEBS1 (NOAA20, etc.) VIIRS VI product suitenad production
algorithms, drawindgrom the EOS MODIS experience.

1.3. A ontext for Long TernVegetation IndexData Records

Whereas single mission or senspecificmeasuremens of vegetation index exist, the lgth
of theserecordsisusuallylimited due to the missiotife expectancyusuallyfew yeas, engineering
and technological changehat necessitate new designs and improvements, and changéata
processing methodand science algorithm&hich denotes a need for multiplereprocessing In
practice these limitationsrestrict the data usge when addressing longerm phenomem and
trends because thg lack representation or in a statistical context they cannot supporithe
generation of a accurate and representatidengterm normal Extending these records bend
the hort lifetime framework of the sensor has beéoth a goal and ahalleng. The data recor(s)
discussed in thislocument were proposed withinthe framework 2 ¥ b !Efrth @aserving
Systems and the measurementdgleffort requires.In thisdocument we will discusstwo global
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data recordghat characterize land surface vegetation, the NR¥t EVI (anthe alternative EVI12).
These two records arcomplementary, in that they do provide slightly different insights about the
vegetations health and productivitfHuete et al. 200Rwith NDVI being the more sensitive one to
chlorophyll (red band) and EVI being more sensitive to canopy structure &Nt b

This effort willextend and continue th 35+ years VI data records from tiNOAAAVHRRNd
EOS MODI®Bto the postEOSSNPP (and JPSENRS era. This record has resulted in significant
Earth system science insights related to global and regiomadudtyiral primary production, inter
annual fluctuations and impacts of ENSO on primary production, phenology variations over time,
and trends in land cover and changes driven by climate (Huete et al. 2006 & S8l@8ka et al.
2016, Herrmann and Didan at. 201§. Whereas integrated AVHRR NDVI time series have been
shown to correlate with annual net primary production across biome types, more recent
applications of highly calibrated MODIS and SNGT VIs have demonstrated their utility for
estimates ofgross primary productivity (GPP) at local scales (Sims28@8, Rahman et al. 2005).
Vegetation indices are now being used to better characterize the structure, metabolism, and overall
photosynthesis and transpiration which drive changes in grogssgpyi productivity.

With EOSMODIS, a new index, the Enhanced Vegetation Index (EVI) becaeve standard
tool (Huete et al. 2002). EVI data has been incorporated into the Vegetation Photosynthesis Model
to produce towercalibrated predictions of GPP carbfluxes across a series of biomes (Xiao. 2005,
Huete et al. 2008Zhang et al. 2037VIs are tool of choice for characterizing vegetation phenology
(Zhang et al. 2003, White et al. 2009), which enigical to understanding ecosystem functioning
and associated seasonal patterns of carbon, water, and energy fMieefrom the MODIS sensor
provided for the first time an accurate depiction of seasonality in dense Amazon rainforesta with
strong correlation withtower calibrated GPP measurements of carbon fluxes both intact
rainforest and forest conversion sites (Huete et al. 20808 Saleka et al2007 &2016, Wu et
al. 2016, Seddon etl. 2016)

While these findings continue to stimulate scientific debates, some of the recent workspoint
to the key role of data processimgethods andproduction algorithms (Huete atl. 2002, Samanta
et a. 2010, Morton et al, 201,4Nu et al. 2016, Saleska et al, 2016, Herrmanal.€2016 asthe
most criticalif we are to make progress in making sense of what these data recordmasding
The ommunity expecsthe VI recordo continue with the saméevel of rigor, accuracy, continuity,
and spatial and temporal scales.

2. VIIRS product #13, Gridded Vegetation Indice®P13vJ113Level 3suite)

The level 3 gridded vegetation indices are standard products desigreeddnd thesignificant
VI time series derived from AVHRR and M@Biete et al. 2002)The level 3 spatial and temporal
gridded vegetation index products are composites of dailfacereflectances. Theare generated
at 500m, 1km, and 0.05~5.6km) every 8&lays (quasi) 16 days,and calendar month.Three
vegetation inéx (VI)algorithmsare produced globallfor land:

 The standardNormalizedDifferenceVegetationy RSE 6b5+L 0% NBFSNNBR
AYRSE¢ (2 (KA/HERh MODISeaEvedoNDVIAL the time ofthe SNPP
launch (2011)there wasnearly a30-year NDViecordfrom AVHRR and MOD®81- and
2000). VIIRS NDVI will extend thisng-term data record for use in operational monitoring
studies.

I Thesecond is the "Enhancedégetation indeXEVIwith improved sensitivitypver dense
vegetation conditiongHuek et al. 199, Saleska et al. 20Q7)

9 Thethird index isabackward compatible-band EVI2 index based on the red and NIR only
(Jiang et al. 2008) and is a modified EVI that eliminates dependency on the blue band and
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addresses some of the operational EVI issues.

These Vigomplementeach other inthe context ofglobal vegetation studies anprovide for
better characterization andextraction of canopy biophysical parametefBhese products are
generated by a suite of improve8OSMODIScompositingsciencealgorithms, based onthe
Constrained View Angle 8imum ValueComposite The representative pixetlay output is
selectedas closeto nadir as possible to minimize the impact wdriable viewing geometry
(Bidirectional Reflectancgand standardize the datas practically as possible while retaining full
traceabilityto the sensor observation&ach pixel generated at the respective resolution will have
a NDVI, EVI, EVI2eRNIR Blue, Green, three SWHarface reflectanceshe sensor and solar
zenith, relative azimuthpixel quality assurance parameterand a piel reliability meric that
indicates the suitability of thelata for research and applicatioriBheproduct suite iddesignedo
support consistentprecise,seasonaland interl Yy dzZ £ £ Y2y AG2NAYy 3 addF G KS
can detectchange and supporthe derivation of many structural and biophysicalvegetation
parameters.

2.1. Key Science Applications of the Vegetation Index

Vegetation indices have a long history of usea wide range of discipline®wing to their
simplicity andalong list of applications:

1 Inter- and intraannual globato localvegetationmonitoring.

T Gross and Net primary production and carbon cycle and balkgiacempiricaktorrelation.
1 Global biogeochemical, climate, and hydgitomodelingoy providing simple methaxto
approximate keyarameters in support of thesefforts.

Natural, aathropogenic and climate changdetection.

Agricultural activitiesqrop yield plant stressET precision agriculturg

Droughtstudies.

Landscape disturbancesnfestations, kes, deforestation weatherrelated land cover
disturbancesetc.).

Land cover and land cover charngeducts.

Biophysical estimates of vegetation parameter&(#en Over, fAPAR, LA

Public health issuggector-borne diseasesjalley fevergtc.).

New innovative topics that use VI as a proxy to answer questions (bird migration, biome
shifts,even ant colonies dynamics,oe}

E R

=a =4 —a -9

3. VegetationIndices

Two keyClimate Data Records (CDR)Earth Science Data Records (EDdghingconvention
differences reflecNOAA and international community and NASA nomenclatudesjtified ina
NASA white paper on Vegetation logs(Huete et al2006 Fried! et al. 200Garethe NDVI and EVI
(or EVI2) Both data records arenow standardmeasurementggenerated frommultiple sensors,
includingMODIS since 200®uete et al. 2002), from AVHRR since 1982, and now VIIRS since 2012
(Vargas et al. 2013) aboard\N®PP and eventulgl aboardthe Joint Polar Satellite System (JPSS)
mission(Welsch et al. 2001)

A key parameter of the Earth system is Net Primary Productivity (NPP) as it describes the
seasonal carbon cycl®@nganret al. 1994 Guan etal. 2015). Terrestrial NPP measurde rate of
CQuptake bygreen activevegetation through the process of photosynthesis minus respiration
NPP exerts aignificant influencen the climate systemand its seasonal andterannual changes
are fundamental inpus to models of globatlimate and global chang&aleska et aR007, Huete
et al. 2008, Nemani etl. 2003) Whereas accurate in situ measurements of NPP are usually the
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norm for plot size studies, the extrapolation of this parameter tditsader spatial scale€annot be
consideredwithout approximation and/or modeling For over 35 yearsemote sensingrovided
the onlyappropriate toolfor estimating and modeling this entity (Running et al. 2002, Prineé. et
1991, Nemani et al. 2003, Huete et al. 2008). The estimatioreitber through complex
biogeochemical modeling (Nemani et al. 2003) or by using vegetation indices as proxies (Prince et
al. 1994, Myeni et al. 1997, Huete et al. 2008, Sakeskal. 2016, Guan et al. 2Bl Thevegetation
index time seriess intendedfor monitoringthe annual chang@ vegetationhealth, productivity,
and ghenology, while providing a soliddindation forexploringlong-term trends and disturbances
in vegetation resulting from global climate alterations asthropogenic pressuréEidershink,
1992 Myneniet al. 1997,Saleskaet al. 2007). There are many vegetation index formulat&ut
most are based on theatio of nearinfrared and red surface reflectancéa/hile NDVIvalues, or
from any other index, are nahtrinsic physical quantityTuckerl979,Hueteet al. 2002 research
has shown that \élcan be used fothe accuratecharacterizatiorof vegetation due to its strong
relationship toparticular biochemical anghyscal properties ofplants such ad.eaf Area Index
(LAI), Asorbed photosynthetically active radiatioARAR), fractional vegetation covgfVC)and
gross primary production (GPP) dnidmasgyield.

The theoretical basis for empiricbhsed vegetation indes is derived frorthe examination of
typical spectral reflectance signatures of lea{ig. 4) The reflected energy in the visible is very
low because ohigh absorption by photosynthetically active pigments (chlorophyll), with maximum
absorption vales in the blue (470 nm) and red (670 nm) wavelengifisereasmost of the near
infrared radiation (NIR) is scattered (reflected and transmitted) with very little absorption, in a
manner dependent upon the structural properties of a canopy (LAI, leaf aligfigbution, leaf
morphology) (Tucker 1979, Rouseat1973). As a result, the contrast between red and rear
AYFTNI NBR NBallyaSa Aa | aSyairidradS YSrHadiNBE 2F ©S3
occurring over a full canopy and minimal ca@®r over targets with little or no vegetation. For low
and medium amounts of vegetation, the contrast is a result of both red and NIR changes, while at
higher amounts of vegetation, only the NIR contributes to increasing contrasts as the red band
becomes aturated due to chlorophyll absorption.

~
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Figure 4 Plants absorb and reflect light differently depending on the wavelength and plant health status. The
photosynthetic process absorbs most of the visible light {tdderegion) and vegetatioreflects much of the
nearinfrared (NIR). These differences permit the separation of healthy from stressed plants and/or other
objects. The inset shows the position of the various spectral bands for the three main sensors AVHRR, MODIS,
and VIIRS.

Spectralvegetation indices are among the most widely used satellite data products providing
key measurements for climate, phenology, hydrologic, and biogeochemical studies, and land
cover/land cover change detectioifhere is currently a consistent NDVI recestendingfor more
than 4 decades from the NOAA AVHRR sdi@#man etal. 1995, Brown et al. 2@), which hae
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contributed significantly to the advancement of Earth System Science, in particular to globa) biome
agricultural primary production; interannu#llctuations and impacts of ENS@d other climatic

disturbances, especially droughtsn primary production; phenology; and climate change and

variability,. Compared with other land products Y R RdzS (2 GKSANI aAYLIX AOAG&>
fused acros sensor systems facilitating an underlyimeged to ensure continuity of critical data sets

to study climaterelated processes

3.1. Theory of \égetation Indices

The redNIR contrast can be quantified through the use of ratios (NIR/red), differences
ObLwWwHWNBREKI SR RAFTFSNBYOSE o6bLwhd NEWBEREWD I A3/NIIINJ /08 o
combination. Vegetation indices are measures of this contrast and thus are integrative functions
of canopy structural (%cover, LAI, LAD) and physiological (pigmbotespnthesis) parameters.

Many studies havexploredhow red, and nearinfrared (NIR) reflected energinteracts with
the canopy, particularly the photosynthetically active leawwsl how that relates to theamount
of green material within the canop{Colwell, 1974 Tucker 1979. Because photosynthesis is
mostly driven by the visible part dfie light (blue to red,0.4-0.7um) most of that energy is then
absorbed with little reflected depending dsiomass and this is duea chlorophyll absorption
(Myneni, 1994 Gamon et al. 1995Running and Nemani, 198&)n the other handthe NIR energy
part of the spectrum isnostly scattered by the healthy turgideaves either through reflection or
transmissionthrough the canopy This process ofinteraction, that starts with ncident solar
irradiancetravelling through the atmosphere to theanopies will depend on theatmospheric
composition, conditions, background, canopy structure and compositicemd angular
considerations (Bidirectional Reflectan@hangeof the magnitude of reflected light based on the
angle of incidence and view) (Morton et al. 20Bthaff et al. 2002 With the same amount of
active greerbiomass on the groundhe amount ofreflected energychanges with these factors
making itchallengingto useit directly asa simple measur®f plant biophysicakharacterstics.
Sngle-bandvaluesare then of little practicaland operationalusefor vegetationmonitoringon a
globalbasis. Aworkaroundfor this challengés to combine tw ormorereflectance from different
spectralregiond Y2 'y Sljdzr A2y 2N w@gS$S3SalidAz2y AYRSEQ o+

The simple ratio (SRroposed byJordan(1969)dividesthe NIR(radiance, digital count, or
corrected/uncorrectedeflectancd 0 @ {1 K i@fledtiNdd BRRfothws this formulation:
SR = Lnir (1)
! red

Because red light is mostly absorbagphotosynthesis, the reflected podn measured by the
sensorover dense canopies becomes vemjall andthe ratio, which is unboundedhecomes too
highto make much sense

3.1.1. Normalized Difference and Enhanced Vegetation Indices

Deering (1978proposed asimplenormalization procedurethat limits the index This resuling
index, calledNormalizedDifferenceVegetationindex (NDVjIstandardizes the VI valugsbetween
obm YR bmM8 YR Aa SELINBAASR &Y

0 0OwOo—— (2)

wherer can be digital countsadiances, top of atmospher@OA)apparent reflectancestop
of canopysurface radiances, surface reflectancesewenhemispherical spectral albedos. Fbe
most terrestrial land cover except snow and waterthe lower boundaryof this NDVI index
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approacheszero.However, @pending on theatmosphere status, sqibr canopy background color,
NDVlieldsslightlydifferent values for the sameanopy andurface conditions (Jackson and Huete,
1991).

As a ratio, the NDVI has the advantage of minimizing certain types ofdmmrelated noise
(positively correlateyland influences attributed to variations in direct/diffuseaidiance, clouds and
cloud shadows, sun and view angles, topography, and atmospheric attenuatitinningcan also
reduce, to a lesser degree, calibratissues (Rao et al. 1994; Vermote et al.3,%%ueteet al. 2002)
bidirectional reflectance distribution dependencies, dngtrumentrelated noise anderrors. The
extent to whichratioing can reduce noise is dependent upon the correlation of noise between red
and NIR responses and the degree to whichghdgace exhibits Lambertian behavidhile the
NDVI Range is theoretically betweeh and 1, for most land vegetation the-{ range is the
practical dynamic range, with1[-0] being a residual range resulting from the formulation with very
limited meanngful application in wetlands studies, inland water, water color, snow/ice
discrimination. For all practical purpas®/Is are mostly considered in the-IQ range, in particular
in the areas not prone to persistent snow cover.

The main disadvantage of tra-based indices tends to be their ndinearities exhibiting
asymptotic behaviors, which leads to insensitivities to vegetation variations over certain land cover
conditions (Huete 1988) Ratios also fail to account for the spectral dependencies of iaddit
atmospheric (path radiance) effects, candmpgckground interactions and canopy bidirectional
reflectance anisotropies, particularly those associated with canopy shadowing

Studieshave shown NDVI to b&tronglyrelated to leaf Area Index (LAIyreen bhomass, and
fAPARTucker efal. 1981;Asrar et al. 1984Sellers 198; Running and Nemani, 1988pward and
Huemmrich, 1992Myneni and Williams 1994Relationships between fAPAR and N&¥Inear
linear (Pinter, 1993; Begue, 1993; Wieganale1991; aughtry etal. 1992 Myneniand Williams
1994). This is irrontrast to the noAinearcorrelation with LAI, especially whéi\>=2.

NDVIis usually derived from atmospherically correctéat ozone absorption, water vapor,
molecular scatteringand aersols)Top of Canopy (TOCHjete etal. 2002) and more recently
viewing geometry normalized reflectanch@ng et al. 2003 Thre thtioingQcapabilities of NDVI
cancel outa large proportion of signal variationthat result fromcalibration, noiseatmosphere,
andchanging suntarget-satelliteanglesandtopography. Sasonal profilesf the NDVI time series
depictvegetation activityand enable interannualand intraannualcomparisons of these profiles.

TheNDViIprofilesdepict the growing seasophenologic activityincluding the start, end,
and length of the growing seasafWhite et al. 2009) A 10year time series record of consistent
AVHRRNDVIshowed for the first time how thenorthern Boreal Forestgrowing season has
increased by nearly 2 weellglyneni et al. 1997)Smilar NDVI seasonal profileser Africashowed
how desert expadsand contracts in the Sah(Tucker et al. 19 in response to rainfall variability
Integrated over the seasonal cycDVI has been ceelated with Net Primary Productivity (RP
(Running and Nemani, 1988; Prince, 1991; Justiak ¥385; Goward eal.1991; Tucker and Sellers,
1986) A multitude of other studiebasshown the NDVI tproxy the carbon fixation by plants, land
cover change, land useyapotranspiration(Raich and Schlesinger, 1992; Funglst987; Sellers,
1985; Asrar etl. 1984; Running edl. 1988; Running, 1990; IGBP, 199Rjore recently NDVI has
been used to prry bird migration(Nietos et al. 2015; Kelly et al. 201&gctorborne disease
(Epstein et al. 1993; Hay et al. 1998)en ant colonies dynamitgssau et al. 2005L.iu, et al. 2012)
andhost of othertopics.

3.1.2. Enhanced Vegetation Index and ti#band EVI(EVI2)

The biophysical performance of satellite VI measures of greenness hasdiessientlytested
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and proved useful and well correlated with continuous flux tower measurements of photosynthesis
(Huete etal. 2006; Xiao etl. 2005, Rahman edl. 2005, Wu et al. 2016hich provide valuable
information aboutthe carbon cyclephenology and the seasonal and intemnual changes in
ecosystems. An accurate depiction of seasonal vegetation dynamics is a desired prerequisite for
accurateecosystemmodding and improves confidence iVl products and model capabilities to
predict longerterm, inter-annual vegetation responses to climate variability. While the utility of the
NDVI has been well established in climate science,roa@r weakness is its honlinear behavior
and saturation(Fig.5) in high biomass vegetated areas (Huetee2002; Unsalan & Boyer, 2004;
Gitelson, 2004; Vaiopoulos at 2004). Reduction of saturation effects and improved linearity adds
to the observel accuracy in estimating biophysical parameters from the VI values and provides a
mechanism for multsensor (resolution) scaling of VI values.

The enhanced vegetation index (EVI) was developed to optimize the vegetation signal with
improved sensitivityri high biomass regions and improved vegetation monitoring through-a de
coupling of the canopy background signal and a reduction in atmosphere influences (Huete et al.
1997; Huete et al. 2002).

Figure 5 NDVI saturation, illustrated by the region of
the aurve where NDVI values remain unchanged or
change little while NIR & Red change in response to
canopy structure and biochemistry chasge

To also minimize the impact of turbid
atmosphere on the VI one can use the difference in
blue and redreflectanceas an estimator of the
atmosphere influence levéHuete et al 1997) This
concept is based on the wavelength dependency of
aerosol scatteringcross atmosphere sections. In
general, the scattering cros®ction in the blue band is larger than that in thel teand. When the
aerosol concentration is higher, the differenbetween the two bands becomes larger. This
information is used to stabilize the index value against variations in aerosol concentration levels.
EVI incorporates this atmospheric resistanoaaept as in the Atmospheric Resistant Index (ARVI,
Kaufman, et al. 1992), along with the removal of sdilrightness induced variations in VI as in the
Soil Adjusted Vegetation Index (SAVI, Huete, 1988). The EVI additionally decouples the soil and
atmospheic influences from the vegetation signal by including a feedback term for simultaneous
correction (Huete etl. 1994). The dand EVI is expressed as:

Ow™O 3

z z

2 K S Ndre the full or partially atmospherically corrected (for Rayleigh scattering and ozone
absorption) surface reflectancelsis the canopy background adjustment that addresses nonlinear,
differential NIR and red radiant transfer through a canopy (based®8BIXD & f i GabeIhe | Yy R
coefficients of the aerosol resistance term, which uses the blue band to correct for aerosol
influences in the red band. The coefficients adopted for MGIDEESNPP VIIRS we L=1, 6,
G=7.5, and G (gain factor) =2.5.

EVI has been used recently in a wide variety of studies, including those on land cover/land cover
change (Wardlow eal. 2007), estimation of vegetation biophysical parameters (Géteal. 2004;
Houborg etal. 2007), phenology (Zhang ak 2003 2006 Xiaoet al. 2006; Ahl etl. 2006, Huete et
al. 2008), Evapotranspiration (Naglerat 2005), biodiversity (Waring &il. 2006), the estimation
of gross primary production (GPP) (RahmanaleR005; Sims eal. 2006) and for detecting the
seasonality in the tics (Salest al. 2007; Saleska et al. 2016, Wu et al. 2016).
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Comparisons of temporally aggregated flux tower measures of photosynthesis with satellite VI
measures of greennegfig. 6)have shown a strong seasonal correspondence thiehEnhanced
Vegetation Index (EVI) from MODIS and SPGT sensors (Xiao &t 2004, 2005; Rahman et.

2005; Sims etal. 2006, Huete et al. 2008). An example of this tight coupling at the Harvard Forest
site is shown in Fi@. In the case of ND\there is some saturation and an overestimation of GPP.
MODIS and SPIGT EVI were also shown to depict phenology cycles in dense Amazon rainforests
for the first time,confirmedby a strong linear and consistent relationship between seasonal EVI
and tower-calibrated GPP measurements of carbon fluxes in both intact rainforest and forest
conversion to pasture/agriculture sites in the Amazbluéte etal. 2006; Xiao eal. 2005).

Harvard Forest

- NDVI —+—GPP
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Figure 6 MODIS and SPOT VGT EVI are consistent in their phenalegictibn of temperate and tropical
ecosystems, providing-situ-based methods fahe assessment of VI performance and capabilities. ajay6
ah5L{ =*LQa -kilu26day SPP fléximédsures st Harvard forests. b) Seasonal correspondence of
MODBE EVI with tower flux measures of GPP in both intact rainforest (top) and forest conversion to
pasture/agriculture (bottomjHuete etal. 2006).

However,not all sensors (eXAVHRRhavea blue band and the VIIRS blue band (band M3 at
478 - 498 nm) is spectrally different frorthe EOSMODIS counterpart469 ¢ 479 nnj, which
introducespotential differences. Addressing these issues may require adjusting the EVI coefficients
(C2) for each ne sensor to mitigate this continuity issue. Adjusting the EVI algorithm to work with
2 0 KSNJ &Sy a3 Wnikdeatd fraktéms inlthg Bng run. Additionally, 1) changing the C2
coefficient will add further confusion to what is supposed to be simglesdience algorithms
creating further problems with backward compatibility with AVHRR and VIIRS, and future sensors
that may yet again change the blue band, 2) some of the known issues in the EVI make adjusting
the blue band C2 coefficient inadequate adeives other EVI problems unresolvéEx: poor
performance over snow/ice and residual cloudBhis suggested a need for a new formulation of
EVI that addresses thblue bands issues and preserves the advantages of &£VWiew EVI
formulation, based on oyl two bands (@d and NIR)was proposed by Jiang et aD08 evaluated,
and successfullgdapted to SNPP VIIRS aride MEASURES mu#tensors VI record (Didan et al.

2016)
3.1.3. TheGompatibility 2-band EV2 Algorithm

Recent crossensor studies have showhe feasibility of NDVI and EVI translation across
several sensor systems (Galloatt2005; Miuraet al. 2006; Brown etal. 2006). EVI extension,
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however, is limited to only sensors that carry a blue channel, which includes\BFQTSeaWiFS,
VIIRSand other instruments. In contrast to the red and NIR bands, setejpendent blue
channels are generally not as compatible and often do not overlgp, the MODIS (45979 nm),
MERIShlue (440450 nm), and VIIRI8ue (478498 nm) channels do not overlap, a spectral issue
that restricts the compatibility of crossensor EVI values. Thus, it is recommended that €ross
sensoy algorithms should be basechdV/Is without a blue band (Fensholtadt 2006, Jiang eal.

2008).

Since the blue band in the EVI does not provide additional biophysical information about
vegetation properties, rather is aimed at reducing noise and uncertainties associated with highly
variable atmospheric aerosols, @and adaptation of EVI was developed to be compatible with EVI
(Huete etal. 2006, Jiang etl. 2008). An earlier version of theldand EVI (EVI2) was used as the
Golk O1dzLd Ff A2NRGKYE F2 N ahthelbfue bant lyieldsIpi@Rdabaivl F2 NJ OF
values, mainly over dense snow, or pixel with extensive subpixel clouds. The EVI2 remains
functionally equivalent to the EVI, although slightly more prone to aerosol noise, which is becoming
less significant with contuing advancements in atmosphere correction (Vermoteakt2002,
Lyapustin etl. 2012).

EVI2 is a-band adaptation of the EVI that eliminates the needdbtue band, considering the
blue provides no additional biophysical information and removidgés not compromise the index
biophysical significanc@iang etal. 2008) The 2band adaptation of EVI is fully compatible with
the 3band standard EGEODISEVI. The advantages of E\2 that it remains functionally
equivalent to the 2pand EVland is based on dinearization method (Jiang et al. 2008) and
geometrical analysis of spectral angles in the-medr infrared reflectance space.

The EVI2 is based on a linearization method and geometrical analysis of spectral angles in the
red-Near infraredreflectance space (Fig. 7).

A Figure 7.The isolines of the EVI/SAVI and their angles
in redNIR reflectance space

N
c?,':R}

«§ A linearized vegetation index (LVI)
& comparable to the EVI is obtained by adjusting
i iKS Oz2yadlyd Fy3ats ~kn G2

@a soil backgound adjustment factar
-3

o D w0 OADI ho-et I (4)

MIR reflactance
L

Where | RSaAONAO6Sa | tAYS | ONZ
' # | from the soil line iraclockwise direction in Fig.
Red reflectance The LVI value of the soil line, Y=X,dL¥) L\MI=
B L GFryoi 0 gKAOK Aad RSAONAROSR |

(N-R) ©)

N + Rtan(p/4a+ b)+L/(1- tanb)

LVI = Gi[tan(a + b)- tanb] =G

Where a gain factqmD ;is multiplied to maintain the amplitude of the LVI as that of the EVI,

_ Gisecé b

" (1- tanb) ©)
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minimized and becomeery small when atmospheric effects are insignificant and this optimal LVI
is used as the-Band EVli.e., EVI2(Jiang etl.2008) ForagiverD2 YO0 A Yy I (i A 2 fieredist |
a single, optimal G thahinimizesmean absolute differenceMAD) between EVI and EVI2, which
results inG = 2.5imilar to the standard-Band EV/land the optimal parameter values for the EVI2
eguationbecomes:

O w0 & (7)

The resulting relationship between EVI and EVI2 sitbeir strong correspondence for the
entire range of values (Fi@). The coefficient of determination between EVI and EVI2 is high
(R=0.9986) with the Mean Absolute Difference (MAD) of 0.00346 reflectance uigsimportant
to note that because the -Band EVI lacks the blue band it becomes prone to atmosphere
contamination, although with modern atmosphere correctionistlissue is rmimal, while
maintaining the other advantages of EVI, being the minimization of background variation and the
additional canopy sensitivity.

8z

VIIRS Validation using MODIS images
0.8 R?=0.998 i Time series at EOS land validation core sites
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Figure 8. a) Relationship between EVI and EVI2 wiithyear MODISand 5year VIIR®lata from 40 test
validationsiteg. The correlation ialmost1:1, except for few EVI outlierBata was strictly filtered.

) _ b) 0)

Figure9. EVI2Performancea) throughout the full red/NIR dynamic range in contrast with BAd (3band)
performance.b) EVI under normal land surface condisdBlue <(0l) and c) in the presence of snow/ice
(Blue>01), where EVI becomes erratic.

EVI3 and EVI2 show a strong correspondence throughout the entire rangduesand the
global coefficient of determination baten EVI3 and EVI2 1i$0.998with a mean absolute
difference 0f0.004 This suggests and validates thecision ofadopting EVI2 (requiring only red
and NIR) as an effective backwdaider sensors) antbrward (newer sensorsgompatible index
for EVI (EVI3And supportausing it as detter longterm alternative for VIIRSThissimplifiesthe
continuity question, especially foEVI across senso(Pidan et al.2010 & 2016, Marshall et al.
2016).
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4. Compositing

Visare usually geerated from multidaydata through a process of composting (Holben 1986)
to help remove cloudand minimize atmosphere contaminar(tduete et al. 2002 Tle process of
selecting a representative déppm a period of dayis called¥ O 2 Y LJ2. Lanipdsificgidypically
performedover apre-set period of days(7 [week], 8 [half the revisit period of a typicaatellitg],
10, 15 [bimonthly], 16 [synchronized with thesatellite revisit, case of Terra/Aqua or-SPR, etc.
day9 related tothe atmosphere (to minimize clouds). Daily data arelyzedto select asingle
cloudand gapfree mosaic of pixelsvith minimal atmospheric and sdiarget-sensorclose to nadir
as possiblgHolben, 1986 Huete et al. 2002 Moderate and coarse resoluti@ersors such as
MODIS, AVHRR (Agbua¢t1994){ @ aG SYS t 2 dzNJ f Qh O-UEGHIATIQSPO® RS | «
VEGETATIONrchard etal. 1994), SeaWiFS (S¥&ewing Wide Fieldf-View Sensor; Hooker .
1992), GLI Global ImagerNakajima etal. 1998) VIIRS(Justice et al. 2013cquire global bi
RANBOGAZ2YIf NIRAIFYOS RIGEFE 2F GKS 91 Nibéhafet & dzZNF I O &
al. 2002)which introduce additional variability that nestb be addressedMorton et al. 2014)pr
mitigated.

Whereas, AVHRRNDVItime series was never a standard product, rather was produced
differently by different groupsusing theMaximum Value Compositing (MVC) techniquéHolben
1986) Ths algorithm select the daily observationswith the highest NDVI vaé, as maximizing
NDVI effectively elininates all data issues (NDVI tentb decrease with clouds and other
atmosphere issuesYhsprocedurehas minimatlata quality checks (Goward &t 1994; Eidenshink
and Faundeer, 1994as none was present in AVHRIRta at the time Residual cloud and
atmospheric contaminatiortend to lower NDVI valuesand hencea maximum NDVI would
theoretically select the least cloud and contaminated pixel. Moreover, he influence of
atmospheric contamination and residual clooolver increases with optical path lengtience the
MVCtendsto select theobservation with thesmallestview zenith angle (least optical path length)
and smallest solar zenith angle although this angle does not change a lot during the composite
period and is location and season dependditiis processtandardies the selected valugsliolben
1986; Cihlar et al. 1994ahd minimizesnostissues

MVC works nicely over nedlambertian surfaces where the primary source of pixel variations
within a canposite cycle is associated with atmosphere contamination and path length, however,
its major shortcoming is that the anisotropic,-directional influences of the surfacare not
adequately consideredr corrected The bidirectional spectral behavior ada¥ SN2 dza = Ww3Af 26 f Q
cover types and terrestrial surface conditicarg highly anisotropic due to canopy structureutual
shadowing, and backgrourahd soilcontributions (Kimes edl. 1985; Leeuwen edl. 1994; Vierling
et al. 1997). And while ratioing of the NIR and red spectral bands to compute vegetation indices
minimizes the surface anisotropy it doest remove surface anisotropy (Walt&hea etal. 1997,
Morton et al. 2014, Schaff et al. 280due to the spectral dependence of the BRDF response
(Gutman, 1991; Roujean at. 1992). The atmosphere counteracts and dampens the surface BRDF
signal, mainly through the increasing path lengths associated witheafir view angles and/or sun
angles. The maximum NDVI value selected is thus, relatbdttothe bidirectional properties of
the surface and the atmosphere, which renders the MdSed selection unpredictable. The MVC
favors cloudfree pixels but does not necessarily pick the pixel closest to nadir or with the least
atmospheric contamination. I#hough the NDVI tends to increase for atmospherically corrected
reflectance,it does not mean that the highest NDVI is an indication of the best atmospheric
correction. Many studies show the MVC approach to seleehadir pixels with large, forward
scdter (more shaded) view angles and large solar zenith angles, which are not alwayfretad
atmosphere clear (Goward at. 1991, Cihlar eal. 1994b, 1997). This degrades the potential use of
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the VI for consistent and accurate comparisons of globgetation types.

The MVC methodends towork beter with atmosphericallyuncorrecteddata (Cihlar etal.
1994a), although numerous inconsistencieay result (Gutman, 1991; Goward at. 1991, 1994;
Cihlar et al. 1994b, 1997). The MVC approach becomes even less appropriate with
atmosphericallycorrected data sets since the anisotropic behavior of surface reflectances and
vegetation indicesare stronger (Cihlar el. 1994b). The influence of surface anisotropy and
bidirectional reflectances on the VI composited produttscomes more pronouncedwith
atmospherially corrected surface reflectancd€ihlar etal.1994a). Under many atmosphere
conditions the nadir view directiomayproduce the lowest VI value.

Alternatives to simply choosing the highest NDVI value over a compogiéirigd, include
integratng or averagng all cloudfree pixelsin the period. Meyer et al. (1995argued the
importanceand impact osurface anisotropy and sun/sensor geometry on the NB¥in AVHRR
and suggested that averagirgl highquality NDVIvalueswas superior to theviVC approach. The
Best Index Slope Extraction (BISE; Viowl.41992) method reduces noise in NDVI time series by
selecting against spurious high values and tigioa sliding compositing cycle.

Huete et al. (2002) proposed a modifistaximum Value Compositing (MVC) technigbat
relies on still maximizing thlDVIvalue butis preceded by a process of data filtering based on
ancillary quality assurand@A)information, the method is enhanced further by minimizing the
viewing geometry The pixel observations are analyzed to retain only the highest quality days based
on the perpixel QA. The observation corresponding to the smallest view angle is then selected from
the top 2/3 NDVI Values if possible. The method performance depends on the prevalelorelsf
Over the tropics and the Taiga regiotise lack of cloudree data reduces the method to the
classical MVC, over other regions where clouds are npt@dematic the method tends to select
alower view angle whenever possible (Huete et al. 2002)

At the heart of producing science quality reftacensing data from frequently cloudy, noisy,
atmospherecontaminated daily observations with spatial gaps is a production algorithm for-multi
day compositing. Compositing evolved from a simple cloud screening approach based on the
maximum value compogtof NDVI images (Holben, 1986) to a robust quality assurance (QA) driven
algorithm that also reduces aerosol influences and minimizes BRDF impacts by constraining the
view angle. The compositing algorithm used for BEIDIS VI is the Quality Assurance @dven
Constrained View Angle (CV) Maximum Value Composite (AMMCY Hueteet al. 2002) and will
select the best observation from a preset number of days. The method first eliminates cloudy and
poor data based on the pgrixel QA and then selects thiep n NDVI observationg set to 2 or 3)

(the MVCportion), andfinally selectthe observation with the smallest view angkd 10).

Figure 10. QA CWVC compositing

Compositing procedure for a typical pixel with multipe

X observations algorithm. Daily data are QA arnyaked and
-m=Red  ==NIR  ==Blue arranged into classes from best (leftalte
Los - "MIR  -=-NDVI  -0-EVI with minimum noise) to worst (right, noisy
& o6 data). The observation with the smallest
s S . zenith angle from then highest NDVI is
é:jo.4 AN 7 4S8t SOGSRO WyQ Aa daddtte &S
S s A /\_ﬁ 7 §~7‘§“ = al.2002).

0 ‘::z/_\—"/%fﬁ'/ : This implementation minimizes
1 2 3 4 s 6 7 8 9 1011 1213 14 15 16 SENSOr view variations associated with
Observation Number the anisotropic surface reflectance

properties (i.e., BRDF) and helps reduce spatial and temporal discontinuities in the composited

product. This same method implemented BOSTerra/AquaMODIS VI composting algorithis

(
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used to generate the VIIRS VI time sewdl some minor enhancements

One of the issues associated with compiogjtdatausing the CAWMVC method is thassumption
that picking the observation with the lowest view zéhit | Yy 3f S ¥ NB Y olisén\&tioris 2 LJ
guaranteesthe best observation. \Wle that may be true in terms dRDF andhakes sense if the
top NDVI values are only slightly different due to BRDRany instances using the view angle to
pick the best obseation leads to selectinthe lower NDVI and sometimes evgoor-quality data
(when there isa limited number of good observations only to choose fromjith VIIRS, we
introduced aworkaroundbased on the usef View Angle bindBy grouping the data inteiew angle
bins of [0-30°] and [> 3(] and then using the MVC we guarantee selecting the best possible
observationbased on maximizing the NDMth a reasonable view anglassuming view angle < 30
degrees insuranceminimum BRDBNd bowtie effect(whichis already less problematic in VIIRS
Fig.16).

The VIIRS Valgorithm performance as was the case with MODI&pendsheavilyon the
provision of QA flagswith VIIRSusing an identical pepixel QA approach tthe EOSMODIS QA
flagswe expect theperformance of the algorithnto be generally similafThere remain someQA
performance issuem VIIRSsuch as cloud and snow/ice (Vargasie2013 but are expected to be
addressed witmew iteratiors of VIIRSeprocessingJustice et al. 2013)

4.1. Composite AlgorithnSpatial Considerations

The EO$/0ODIS and SuoAmNPPand JPS$ VIIRS sensariewing configurationwhile slightly
different, results inthe considerable spatialverlap between orbitsvhen avay from the Equatar
VIIRSontrolsthe pixel growthrate at the edge of the scanwhichin turn minimizes the bowtie
effects. The sensads field of view or swath does not line up with tpeojection (Sinusoidakyrid
pixels Fig.11 & 12), which hasspatial implicationghat need to be addressed during compositing
to capture the grid pixel proper biophysical conteMilRS compositing algorithm uses BOS
MODISVBB SA 3K SR | ZeBhethed Bcohdiruetdnie grit¥pixel from all théner L2/L2G
overlapping observations. The VI algoriteoitemakes use of adlvailableobservations rather than
retaining only the observation with the maximum overlap (some Land algorithms use this strategy).
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Orbit tracks overlaid
on the geographic
projection. One orbit
is highlighted (red)
and two successive
granules are
highlighted green and

cyan.

Global image in the
Hammer Aitoff
projection (shape of
granules changed)

Along track (Orbits

i

First granule, this image is
exactly as seen by the
sensor

Next granule Obs

Figure 11 VIIRS viewing geometry and observation layblat to scale and orientation and layout are only
informative.The lower right figure shows the relation between orbits, observations, grids, and overlap.
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Figure 12a) Level 2G proceiss). Each observatiois assigned to a fixed grid cell along with an
observation coverage that indicates the degree of ovetdpDepending on the latitudinal

location the number obbservationsassigned to a particular grid cell will yaasind can be very

high, resulting from the number of orbits (highest overlap at theg)@ed the size of observation
which tends to grow away from the center of the scan (Wolfe t al. 199&)Inse{b) shows how

the observation coverage is computeatd it is the area of overlap to the observation size itgglf.
Daily L2G grid cell observations are reconstructed from orbital/granule data. Each grid cell will be
constructed from all overlapping observations.

The construction of the grid cell foll@this equation:

B
32 - 8)
where SR is the surface reflectance of the grid pixelai®Rwv, are the surface reflectance of

the underlying L2 observations adjusted by their degrees of overlap.
4.2. BRDF Considerations

Although VIs can be generated with any levadata, thestandardnow isfully atmospherically
corrected and standardized surface reflente-based VIs. Vis are usually derived from calibrated
radiances and are usually computed from surface directional reflectances that have been
atmosphericallycorrected to remove absorbing gases, molecular scattering, aerosols, and water
vapor (Justice etl.2013). Additionally, the VI producigll normallybe produced under local solar
zenith angle conditions that may result in secasrder seasonal and latitudinal biases (Huete et al,
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2006, Morton et al, 2014). Bidirectional reflectance distributiomction (BRDF) considerations are
traditionally not addressed during standard VI producti@®@imilar toEOSMODIS the VIIR%and
product suite implemented a standardized viewing geometry correction algorithm to generate a
nadir equivalent land surface tettance VIIR$IBARYNP4 suite], Schaaf etl. 2002). While this
product standardized the view angle to nadir, the sun angle was only standardized to the local solar
noon since no fixed global sun angle could be adopfds product is available tsars who wish

to generate a BRDF adjusted VI product sutteafig et al. 2003 however our SCF team will only
generate VIs from the directional data not adjusted for viewing geometry to retain consistency with
EOSMODIS and to minimize the biases thatymna@sult from the choice of a BRDF correction
method and loss of traceability to sensor data, since a BRDF adjusted data is modeled and not a
true sensor collected observations.

Anaher potential venue to dealing with the BRDF is the adoption of surfabectance inputs
corrected by theMAIAC approach (Lyapustin et al. 2p&andor a hybrid methodlike the one
proposed byMorton et al. (2014).No standardized single method or model for BRDF correction
exists, although all are based on the same principles these reasons, osuite ofalgorithms will
not attempt to explicitly and directly correct for BRDF effentsept by constraining the view angle
during compositing. This leaves the users the option of exercising their preferred and
researchproject-specificBRDF correctiomodel (Morton, et al, 2014). Furthermore, &nd when
the VIIRS Land team, in partiauthe surface reflectance science teés) decidesto generate a
consistent operationaBRDF correet surface reflectanceuiteour algorithm will ingest these data
to produce a BRD$tandardized VIIR@ product suite.

4.3. VIIRSOutput observatiors QA and Pxel Reliability

AlISNPP VIIRS Laptbducts usea perpixel QA system of flags to characterize the atmosphere
and inform about processinghichis very similar tothe EOSMIODIS approach. A pixel is assigned
a list of QA attributes (cloud, cloud shadowrasol load, snow/ice, lardiater mask, etc.) stored
in binary bit fields. These QA attributes assist with gostcessing and provide users with a
systematic approach to analyze the data and decide what to retain and discard. As robust and
comprehensive s this informationis, averageusers found it quite challenging to work with
because:

T The omplexity of QA data structureespecially the use dfinary bit fieldsthat require
special tools to work withand

T No unique method on how to work with or combine these QA flagsantmperationaldata
post-processingscheme In most cases, usersedonly a few of these flags or even used
themimproperly.

This made the pepixel QA information a challenge to work Wwior a large segment of the user
community. A solution was proposed for the H@SDIS VI (Didan & Huete, 2006) to help
synthesize this QA information into a simple ordinal rank. This is particularly important as the VIIRS
mission takes shape and drawsrr the EOS$/0ODIS experience. Reanalysis of the MODIS VI
product record showed that apart from cloud and snow/ice, aerosol, shadowl viewing
geometry were the most problematic, yet users assume they are properly corrected in the
atmosphere correction gbrithm. We enhanced the original method (Fig. 13) and implemented
additional classes ithe VIIRS VI data record. In addition to the standard QA, each pixel will have
this simple rank oreliability indexnumber to help decide if it is of any use to pgsbcessing.
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Figure 13 VIIRS Per Pixel Reliabibtysignmensscheme.Some rank classes are specific to the CMG product
suite (gapfilling).

This data reliability index considers the significance of each QA field and combises th
information into a singlerank value. Tk metric indicates the usefokss of thedata while
eliminating a great deal of inconsistert®fated tousing QA flags. An evaluation of this metric for
EOSMODIS (Didan & Huete, 2006) indicatleat this perpixel reliability index was effective and
easy to use. The standard QA flagsauititinue to be part oftie products and users can sépply
their own QA postanalysis approach.

4.3.1. Processing over Land Water considerations

Starting SNPP and JPSCollectim 2 wehavemade changes to the land watékL\W)maskto
addresschronic issues with thelder (current production) mask. Presently all input surface
reflectance data for eachixel are loaded during compositing along with their State @Alist of
quality flags about cloud, aerosol, shadow, etncluding a flag that defines the underlying land
water mash. While theLWmask igechnicallya fixed ancillary flaghe Level2G processinghat
converts sensor orbital swath observatiotts gridded geolocatd data,assignghis flag to the
observationdepending orits viewinggeometryand distortion thisleadsto different flagsassigned
to the same locationin different daysresulting inmajor spatialinconsistencies and nois@hs
effectivelyresults in aslightly dynamic LW masthat cause issues tomost coastal areagFigure
14), by either skipping or changing the status of some mostly coastal pixels and inland pixels in the
vicinity of water bodies and large rivers
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Figure 14 VIIRS old Land Water mask (lefi}h excessive noisend missing coastal areas (ex: Manhattan

NY). Thenew LW mask (righta robust, static, andancillary filewill be usedto filter what to process and how
to set the output LV¢lass for each pixel

With this new collection\2) we redesigned a becificancillaryLW mask using the current
production VIIRSand MODIS LWmasks the MOD44W LW mask and an ancillary 30-meter
resolution global shoreline vector and associated global islands database
[https://rmgsc.cr.usgs.gov/outgoing/ecosysterhgSayre et al., 2019). /merged these data
sources to create a new LW mask that is both stableaedunts for angmal islands(Didan and
Barreto, 2021) This new LW mask follows different logidétermining how to assigrthe LWclass
to the observatiorand what pixels to proceg3 ablel). This new LW mask for VIIRS willike the
one used with MODIS.

Tablel: Land water mask classes and processing status

Processed| Comments
or Not

No This new LW maskombinesthe old éShalowé andémoderate

02 v i A \6&ghdldsdes from MODIS into one class

. At CMG resolution End pixelmay contain some water but less than
001:Land (nothing else but land) Yes 10%.If water is present at more than 108e pixel will be categorized
asd a A EdhdandWatert (see below)

Yes Aclean shorelinfoastlinerequiresadjacent purdand and water
pixels This applies to wide rivers too.

For the CMG products pixel is shallow inland water if it contains at
011:Shallow inland water Yes least 90%shallowinlandwater as reported in the 250 m mask.

This class is only processed to within the first 2km from the shore

This is a new clagwer majority land that captures land pixels that
Yes contain water These pixels can serve as the coastline/shoreline wh
acleancoastlinecannot be set

101:Deep inland water No Same as before

This is a new clagser majority water or oceanthat captures water
Yes pixels thatcontain land(islands) These pixels can also serve as the
coastline/shoreline when eleancoastlinecannot be set

No Same as before

111: Deemcean

The classsof éMixed Land and Wateand MixedWater and Land are two new classsthat did
not exist in prior LW masks. Howeveungdo the size afomeislandsor water bodiesbeing smaller
than a full pixelwe adopted these two classes to capture the pixels mixed statusse two classes
are also used to delineate theoastlines when the water and land interface is complex and
fragmented (Figure 1. Users are encouraged to consult the LW and decide whether to retain the
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content of these pixels in their spatial analysis or not.

Using data from the 30mesolution glolal shoreline vector and global islarditabaseve were
able to salvage most of these islands, but due to their, sireassigned them to a new LW class that
acknowledges the mixing of water and la(dgure 19). This class is now processbdt we cautiom
users about the corresponding VI data since VI is quite sensitive tatibeof red and NIR surface
reflectancewhichtend to beproblematic with the presence of water, the VI values may be very
poor and/or noisy.

Figure 15 a) The newmixed land and water class captures small istafidlset). In prior collectionshese
islands were never processed and were assigned to waterlg)dkse. left panel shows the LW at 250 m where
a coastline was identified, but at CMG resolution (rightgdathe mixing leads to pixels containing both water
and land and were classified as such (blue color corresporitie class of mixed land with water and dark
brown is mixed water with landn these situationghe coastline is captured by these mixyegxels.

The new LW maskv{ll beused by MODIS andIRI§ andwas createdat 250m resolution The
500 m, 1 kmand CMG resolution weréerived fromthis finer resolution 250 m but used slightly
different logic in assigning the final classeptomote consstency Separately,n the native 250
m we generated twaonternal different coastline subclassés help minimize omissions close to the
land water interface

1 A coastline associated with inland water, rivers, or small lakes, where the coastline is
assiged to the land sidgixel, and
1 Asecondcoastlineis assigned tahe water pixelside If, however, the water body is very
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narrow and assigning the coastline will interfere with the water bagglf, the class will
alwaysbe assigned to the land side.

Users still have the option of removing data associated with this waterside coastline if they
gAAKY 0@ YI &l Ay SBhallow & inbderié and cordideritekoceaik §2 ¢ Of | a4 @

We have alsmpted to limit processing inland water to only the immediaeeas adjacent to
the land water interfacaup to 2 km This is related to the genekapoor quality of the derived
surfacereflectance resulhg from ineffectiveatmosphere correctiomver water pixels whickeads
to anunstableRed/NIR ratio.

4.4. Spatial gaps filling

A large percentage of composited data will be ofsegertific valueto applicationsor research
due to the preseneof clouds and/or other atmosphere contaminants, particularly over the tropics
and in high latitude regions where thepmblems are persistent for long period=or the modeling
communitythat requires strictly highquality data, even if estimatedye only etain high fidelity
data (based on QA) the CMG product suitédidree et al. 2004]ustice et al. 2003)hisresuts in
extensivespatial gapshat needfilling. We are currentlysing a simpléterpolation scheme based
on longterm data Usingthe VIIRSime series data we can generate a mean value for each date
from strictly filtered data that is cloud and mostdgntaminants freeln case no observations could
be found (persistent clouds) we simply leave the observation empty. As the time series grows, we
expected all pixels to have a value in tbegterm data record that could be used to fill missing
days

5. VIIROverview and Instrument Characteristics

The VIIRSensor aboard-8IPPwasconceivedasedfollowingthe long heritage of operational
and research instrumentslating back to the seventies, including:

1 Advanced Verhigh Resolution Radiometero ! £ 1 ww0 2y botbiting Q a t2€ 1
Environmental Satellite®OES).

1 ModerateNB &2t dziA2y LYF3IAy3d {LISOGNBNIRAZ2YSGSNI 6al
System (EOS¥rra and Aquaatellites.

{ Seaviewing Wide Fieldf-OA S¢g { Sy a2NJ o{ SI 2 ACtglile. 2y DS298&SQa

The VIIRS design largely followdtd success of MODIS, especially the large number of
dedicatedand disciplineoriented bands, use of onboard calibration, and otheimprovements
includng a novelpixel size control in the scan directioAnd ike with Terra/Aqua VIIRSrbits
control eliminatesthe drift that plaguedAVHRR.
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Figure B: AVHRR, MODIS, and VIIRS Spectral bands
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5.1. VIIRS Desigand characteristics

The VIIR® a whiskbroom scanning radiometer withl42.56 field of view in the crosstrack
direction. At a nominal altitude of 829 km, the swath width is 3060 km, providing full daily coverage
both on the day and night side of the Earth. VIIRS has 22 spectral bands cakierirgion0.412
um to 12.01 um(Table 2), includirg 16 moderateesolution bands (Mbands) with a spatial
resolution of 750 m at nadir, 5 imaging resolution bandbafids)¢ 375 m at nadir, and one
panchromatic DNB with a 750 m spatial resolution throughout the scan. Fharlds includell
Reflective Salr Bands (RSB) and 5 Thermal Emissive Bands (TEBd)aitie include 3 RSBs and
2 TEBgCaoet al. 201d).

VIIRS uses six dugdin RSBs with a wide dynamic range needed for ocean color applications,
at the same time without saturating the sensor whelmserving high reflectance surfaces such as
land and clouds. The dynamic range of the dual gain barttle ligh gairmodeis comparable to
that of the MODIS ocean color bands, while the dynamic range in thgdiwstate is comparable
to those of similaMODIS land bands. The dynamic ranges across all other bands are similar to their
MODIS counterpartéCao et al. 2013b

VIIRS uses a unique approdoltontrol the pixel growth towards thedges of the scan line
an issue iMODIS, AVHRR, and other rstents. This results in comparable footprints froMiiRS
observations from adirto edgeof-scan.

5.2.  VIIRS Geometri€haracteristics

The following text is mostly fronCaoet al. (2013). Each VIIRS (Imagery) band has 32
detectors,and eachM-bandhas 16 detectorsn the alongtrack direction. Thesare rectangular
detectors with smaller dimensi@alongthe scan direction. Tis desigraccouns for the variable
pixel growth rates in the scan and track directiofifie sensor sweeps the Earth surféwen about
-56.28°to +56.28°view angle Because VIIRS detector spacing is constant, the angular sampling
interval is also constant. However, the corresponding horizontal sampling interval, or ground
sample distance, in the alofigack direction grows athe scan angle moves away from nadir, mainly
due to the increased distance between the sensor and the ground, as shown in the lower panel in
Figurel2. The scan width increases from 11.7 km at nadir to 25.8 km at the ehé efan due to
this panoramieffect, called the "bowtie" effect. The bowtie effect leads to scatp-scan overlap,
which starsto show visibly at scan angles greater than approximately 19°, as shown in the lower
panel in Figurd1l. The size of overlap is more than 1 and DaMhd pixls at scan angsgyreater
than 31.72° and 44.86°, respectively. To save the downlink bandwidth, the radiometric readings
from these pixels are not transmitted to the ground and will be assigned fill values by the ground
a2F061 NBD ¢ KAGISA S0 DR ¥ £ & e dAoaRdal NB & dXEIAZF | OG 2 F
aS3aAYSyia¢ aK2ga dzd Ay Nr g AYlF3ISa AF GKS RIFGL
(upper panel in Figurgl). This artifact does not appear when the image is displayed wienadan
Ad LINP2SOGSR 63INwrRéeSRO 2yiG2 (GKS 9F NIKQa

In the scan (crossack) direction, the constant sampling time interval also results in the growth
of HSI as a function of scan angle. The HSI change in thetrerdsslirection is even larger than

that in the alongtrack direction because it is affect@de (G KS 9 NI KQ&a OdzNII i dzNB

increased range between the sensor and the ground. This is shown by the dotted line forthe un
aggregated Mband in the upper panel in Figut@. To minimizehe variation of the HSI in the scan
direction, thereare threepixel aggregation modes in the aleggan direction, as shown in the
lower panel in Figur&l for the case of
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RSR (VIIRS and AVHRR)

detectorsin the 2 sample aggregation zone and 4 M-band

(8 I-band) detectors in the no-aggregation zone Track

direction

sses\l-band - No Agg Along-Scan Direction HSI

M-band
= =|-band
- - -
_____ - IF.‘.-..-D"' ' _ - -
- PR R A -="
YT ELL
0 250 500 750 1000 1250 1500
Distance from Nadir (km)
Along-Track Direction HS|
——M-band
= =l-band

——DNB

-
_____
-
_______
____________

T T T
0 250 1000 1250

500 7!
Distance from&nadi.r (150

VIIRS Spectral Bands

Figure I7. Schematics of bowe
effect, bowtie deletion and
aggregation scheme for single
gain  Mbands (scale is
exaggerated in th track
direction). Upper: example of
bow-tie deletion effect when the
raw data is displayed in sample
space.

Figure B. Horizontal Sampling
Intervals (HSIs) for singtmin

and dualgain M-bands, {bands,

and DNB

This aggregation scheme
results inbetter radiometric
and geometric performance
for M- and tbands in the 2
sample and Zample
aggregation zones. This
minimizes the bowtie effect
observed in MODIS and
eliminates some geometric
issues.

l" ..i..N)_r.T:,,._{;‘,.) GRS T B TR "T"T’ - 1.0 Wy ‘ NN 7
| | ﬂ | ‘ (i MChannels — i | M Channels — [\\ »-\‘
| | Channels ~ | —_ Il | LY
Ny ‘ Mo awrr - & 08 | AVHRR 9| J N
1l | | £ | | IRTA
, ' ‘ | z
[ | g 061 |} [t \
I [ I | & i \
\ ‘ 4 ! ‘ ' |
[ | & 04 | ‘ [ ) \ =5
[} ‘ ‘ 1 & { | i\
| ) | | @ | |
= 1 | ! - 202 !‘ | [V
[ | [l ] I [ I !
i A | | ' t 1/
qUDG LY L 4 ‘ ool V AN ), ..
05 1.0 15 20 4 10 12

Wavelength tum)

Figure B. VIIRSpectral bandspecifications

8
Wavelength (um)

SNPP/IJPSSEVIIRS VI ATBD & User Guitde2.0

27



Table2: VIIRS Spectral, Spatial, and Radiometric Characteristics. Green circles indicate the bands used and
passed to users in the VI prodfitgs. Yellow circles (M5 and M7) indicate the bands used in the earlier LPEATE
versions of the 1km product suitéMost VIIRS spectral bands are comparatoléhose in MODISFor the
reflective bandsmost ofthe VIIRS bands have wider bandwidtkcept for tle nearinfrared bandghat are
comparable to thoserdém MODIS.

Specification |
Spectral Horiz Sample Interval (km Ltyp or Measured SNR
tand Driving EDR(s) gange (trask X Scan) ) Barjd 'Iyt,;p Lomemia S SNR or Margin
No. o . Gain (Spec) Tmax NEdT (K) NEAT (K) %)
Nadir End of Scan
Ocean Color High 44,9 135 352 723 105%
M1 Aerosol 0.402-0422 10.742x0.259 | 1.60x1.58 wa 155 615 316 1327 320%
Ocean Color Figh a0 127 380 576 51.5%
M2 Aerosol WAED=ED ||(MABROAD)| HIRU=D || e 146 687 409 1076 163%
Ocean Color Figh 32 107 416 658 58.2%
p M3 Aerosol 04780408 | 0.742x0.259| 1.60x138 | |, 123 702 414 1055 | 155%
Ocean Color High 21 78 362 558 54.1%
) g) M4 Aerosol 0.45-0.565 [0.742x0.259] 1.00x138 | |, % 667 315 882 180%
s )n Imagery EDR 0.600-0.680 | 0.371x 0.387| 0.80x0.789 | single 22 718 119 265 | 122.7%
@ Ocean Color High 10 50 242 360 497
o @ M5 Aerosol 06620682 |0.742x0.259| 160x188 | ) 68 651 360 847 135':;
I§ M6 Atmosph. Correct. 0.739 - 0.754 | 0.742x0.776| 1.60x1.58 Single 9.6 41 199 394 98.0%
= 12 NDVI 0.846 - 0.885 ] 0.371 x 0.387 | 0.80 x 0.789 Single 25 349 150 299 99.3%
3 Ocean Color High 6.4 2 215 545 154%
M7 Aerosol 0846-0885 10.742x0.259| 1.60x158 | |5, 334 349 340 899 164%
M8 | Cloud Particle Size | 1.230-1.250 [0.742x0.776] 1.60x1.58 | Ssingle 5.4 165 74 349 371.6%
M9 Cirrius/Cloud Cover | 1.371-1.386 ]0.742x0.776| 1.60x 1.58 Single 6 771 83 241 197.6%
13 Binary Snow Map 1.580-1.640 | 0.371x0.387 [ 0.80x0.789 | Single 7.3 72.5 6 165 2650.0%
g) M10 Snow Fraction 1.580-1.640 |0.742x0.776| 1.60 x 1.58 Single 73 71.2 342 695 103.2%
M11 Clouds 2.225-2275 [0.742x0.776 | 1.60x1.58 | Single 0.12 318 10 18 80.0%
Bl Imagery Clouds | 3.550-3.930 |0.371x0.387| 0.80x0789 | single 210 353 25 0.4 84.0%
5 M12 SST 3.660 - 3.840 ]0.742x0.776| 1.60 x 1.58 Single 270 353 0.396 0.12 69.7%
é SST Figh 300 343 0.107 0.044 59%
3 Wi Fires 3073-4128 [0742x0.250| 160x158 | 280 iy 0423 ~ "~
é M14 | Cloud Top Properties | 8.400-8.700 |0.742x0.776{ 1.60x 1.58 Single 270 336 0.091 0.054 40.7%
£ g M15 SST 10.263-11.263[ 0.742x 0.776| 1.60x1.58 | Single 300 343 0.07 0.028 60.0%
ulzl 15 Cloud Imagery | 10.500 - 12.400] 0.371 x 0.387 | 0.80%0.789 | Single 210 340 1.5 0.41 72.7%
M16 SST 11.538 - 12.488] 0.742x 0.776 | 1.60 x 1.58 Single 300 340 0.072 0.036 50.0%

6. What isnew inthis initial SNPRJPSSL VIIRS VI DatRecordrelease

Thisinitial SNPP VIIRS Wata record has gone throughseries ofefinementsandreprocessing
beforethis firstpublic releaseThesechangesaimedatimplementing learned lessons from the EOS
MODISerain particular andntroduced a series of enhancements alongth these topics:

I Thisrelease uses daiVIIRS L2G daf&00m and 1kmas the primarynput

1 We currently generate thge different vegetation indices: NDVI, Eafid EVI2While EVI
and EVI2 are interchangeable and identigssues related to operational EVI generation
(blue band noisgsnow, subpixel clouds, and aerosglsequired the us of an EVI backup
algorithmwhichis based omnlythe red & NIRbands (EVI2, Jiangt al 2008)

TheGreen andall SWIR bands amow included in the output files

Monthly products uséoth Terra and Aqua lik&NPP VIIRS VI inpstteams

Monthly 1km productnow uses only the input pixels that overlap the month

Product filesare now output ilHDF5EOS%netCDF4 compatible) format

Improvedthe processing rules

We introduced a statitand/Water mask for CMG produdtsat minimize issues associated
with the internal LA mask he fullVIIRS VI produsuitewill also start using an ancillary LW
mask that bypasses the L2G pixel LW nias$lture reprocessing.

= =4 =48 -4 8 9
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7. VIIRS VI Product Suiteescription

7.1. VIIRS VS&uite Production Plan

Figure20shows thecurrentAlgoiithm/Product suite Three Vs (NDVI, EVI2, and EVI) along with
their input surface reflectance, QAiewinggeometry, and ancillary inf@t 500 m, 1 km, and a
climate modeling gridesolution (0.08,5.6km) and at 16 days (VIIRS grouindck repeat cycle),
monthly are generated Theblue band at 750 m will be resamplénl 500m to generate the 500m
EVI3 as was done with E@80DIS EVI3. Thepeoduction choicesre made in support of and to
promote continuitywith the EOSMODIS VI record and to simplify the transition.

Level-2
VIIRS Corrected Surface

Reflectance -Inputs -

l (11, 12) Red/NIR Surface reflectance @ 500m
Blue/Green/SWIR 1,2, 3 and State_QA @ 1km

Viewing Geometry @ 1km

Utility Pointer Files @500m and 1km

Level-2 Gridded
VIIRS Corrected Surface
Reflectance

- At SIPS and Partially in the VI Algorithm -

Spatial Aggregation
> Algorithm (to 500m
and 1km)

Planned for later

375m
16-day VI Product

Currently uncertain due to the
lack of 375m L2G data.

2

16-day VI Product

500m

o lterations

1km
Dynamic Composite
(variable cycle) VI

Spatial Averaging

A4

Still exploring

1km
16-day VI Product

CMG
16-day VI Product

$7 Temporal Averaging
A,

1km
Monthly VIProduct

< Py

CMG
Monthly VIProduct

Figure 20. Production algorithms and dependencies. Some of these production choices will change with
subsequent reprocessing.

This production schemis an EOMODIS heritage that may changéne productsare output
in tile units that are approximately 2@ 1@ in the sinusoidal grid projection, while the CMG product
will be output in global geographic projection. When mosaicked, all tiles cover the globe. Each VI
output file contairs multiple Science Data Sets representing the per pixel, physical, viewing, and
other information (NDVI, EVI3, EVI2, QA, red, NIR, IR 13, view angle, sun angle, and relative
azimuth angle, pixel reliability, and composite DOY). All products will be stotbd IHDFEEOS
format.

TheSNPPand JPS$ (renamedNOAA20, andall subsequent JPSS platformnid)RS/egetation
Index product suités comprisedof:

A 16-day 500m VI

0 VNP13AY VJ113A116-day 500m V(2 streams that are 8 dayspart)
A 16-day 1km VI

0 VNP13AZ VJ113A216day 1km VI (2 streams that are 8 dagpart)
A Monthly 1km VI

o VNP13A3 VJ113A3Monthly 1km VI
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A 16-day 0.05deg VI

o0 VNP13C1 VJ113Cil6day 0.05deg VI (2 streams that aredays apart)
A Monthly 0.05deg VI

o VNP13C2 VJ113C2Monthly 0.05deg VI

*We have plans to adopt a i@ay phased production fromSPP and JPSSVIIRS to avoid ¢h
approachof phasinga singlesensor

The first two products directly ingest daily level 2 gridded (L2G) product surface reflectance
(daily VNPO9A1/ADr VI109A/AZerieg. The last three productare all based othe Vegetation
Indexproduct13A2tiled dataand usesaggregaibn schemesn time and/or spacgFigure20). The
CMG productaise aspatial averaging and reproject schemefrom the tiled sinusoidalproduct
suiteto geographidat/lon.

7.2. Terraand Aqua likéhasedProduction

While there is a single-SPP VIIRS sensor and data streamaregyeneraingthe 16-day VIIRS
VI producs 8 days apart to create identical streanesMODIS Terra and Aqua and assist the users
during the transition period. In general, wellow the sensor/satellite repeat cycle of 16 days,
however producing Terra and Aqua on the same composite day forces users to select one stream
only given their lgh similarity. To separate the two streams (T & A) the EOS MODIS VI generates
the product suite 8 days apart to help increase their temporal frequency. In produtttisscheme
generates a Terralike time series on the usual DOY cycles (01/01, 01/1/0202tc.). Aqudike
VIRS data is then generated @0Y01/09, 01/25, 02/10, etc. To accommodate this processing
arrangement Figure 21), the production rulesare:

T For VIIRS 500m/1km
0 Start January 1st and process all days till January 16tHgyi$) and get one product
output on DOY 01/0{Terra likeproductstream)
0 Then process data between January 9th till Jan. 24th (16 days) and get another product
output DOY 01/09Aqua likeproductstream)
0 Repeat the process moving 8 days forward
0 At the endof the year and to complete the iay composite period supplement the
last 16day cycles with data from the new year
1 For the 1km monthly and since it is a calendar month:
o0 Process all 8ay products for that calendar month and generate one VIIRS monthly
product
o0 Each month will either ingest 5 or 6-8i&y products
o Only if the composite DOY of the pixel intersects the month will the pixel be used
1 For the 16day CMG, there will be two streamsdays apart):
0 Start January 1st and process alldiy tiles toget one product output on DOY 01/01
0 Ingest all 1&day tiles following the Jan. 9th, Jan. 25th, etc. to get one product output
for DOY 01/09, 01/25, etc.
0 There will be one CMG eackdlay
1 For the monthly CMG and since it is a calendar month, the askes
o0 Process all the tlay CMG products for the calendar month and generate one VIIRS
monthly product
o Each month will ingest 5 or 6x -ty cycles
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Figure2l. (a) The 16day VIIRS products are generated 8 days apart, a production sdkene Tera/Aqua

phased production approach while based on a single sensor. This improves the temporal frequency of the
product record but also creates some bias and data repeat due to the ovir)ddans are underway tgo

back toa phased 16day productionghased &lays) fromSNPP and JPSS

We evaluated the impact of this production scheme and the resulting overlap on the data and
time series using daily surface reflectance processed in oi@n& Compositing FacilityGE
vip.arizona.edugand thecurrent (V2)\ersions of the VIIRS VI Algorithms.

NDVI 616s|  ol6s|  69%0]  7096]  71s3]  74s3) nowi a1ss]  a623] 4629  a7ma|  arm|  asag
Evi 3641 3641  a07a]  3766]  4311] 4311 Ewi 1880  1664]  1664]  1664]  1664] 1925
Evi2 a658|  36%s|  a40e3|  aze0|  4295]  a295| Evi2 1850 1654]  1654] 1655 1655 1893
A 2185|  2185|  21ss|  2116] 2116 2116| QA 26| 2u1s|  omg|  ouie|  2ue| 2116
RED 650 6so|  4s7]  aws 403 403| RED s90|  azs|  a7s|  aa7|  aa7| 65t
NIR 2743]  2743|  27as|  2a3|  2762]  2762| NR 1550 1302]  1302] 14|  1ea| 1652
BLUE 303 303 239 201 200 200 BLUE a0 29 239 223 223 341
GREEN 714 714 653]  550|  554|  554| GREEN a%2|  3ss]  3s3]  362] 367 531
SWIRL 3257 3257]  30s6|  a7es|  29es|  2968| swiRL 1776] __1472] _1a72| _ 1a78| 1478|1981
SWIR2 2765|  276s|  23es|  2oss|  20s6|  206| swirz 1600  1316]  1316] 13m| 1311|1811
SWIR3 1676|  1676|  13s3| 1235  misi|  11s1) swirs 1154 93] 93]  o916|  o16] 1327
VzA 2941|291 27|  am7| 2993  2993| vaa 2353 s3] 2893  2om|  oom| 2318
sza 5766) 5766 5049  a7az|  aava|  aazal sza s3aa]  ass3|  a4ss3]  asao|  amas| 4o
RAA -638|  -638| -2480| -2a75| -2a65| -2469| RaA “62a]  2a71] 2a71] 2a63] 2463  sas
cooy 27 27, as 55 61 61| coov 2 36 36 52 52 61,
Rank 3 3 3 0 1 1| Rank 1 1 1 1 1 1
Pweight 0 0 0.5 0.5 0 0| ‘Pweight 0 o.s [ oS

Figure22. Compositind>QY resulting from the-@ay overlap between the two VIR$ data streams. Data
from Tile h08v05 and year 2017. On average 50% of the data remeatsderingonly a limited data set in
space and time). However, there are temporal gains by salvaging good observatiomsthdthave been
otherwise discarded when compositing every 16 dmyg
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Figure23: Impact of VIIRS phased production onrtienthly VI Data record (Tile h12v09 Amazon, 2017). Top

images show the NDVI and data Rank, a measure of quality, the bottom images show the differences between

the VI when using both data streams vs a single stream. Minor differences exigtelisno bias Theminor
drop inrank in the monthly product when using both data streams resiflom the Algorithn's use of the

worst-case scenario approach with QA.
While limited in space and time tke testresults show:

1 Improved temporal frequency andogential benefits over areas with generaflgwer
clouds

1 Around 50% redundancy (repeated days)

1 The approach minimizes data losses (discamlita only 16day composite)

Data records from these production schemes ardabeled dRegular productioé (in the
metadata) and arecompositingfollowing the 1-16, 1732, 3348, etc. and dPhased productich
compositingfollowing the9-24, 2540, 4156, etc., intervals

All output products carrydentical Science Data s&tyersthat are quie similar to the EOS
MODIS da record EachVI product contais three vegetation indices (NDVI, EVI, E\42yen
surface reflectance's (Red, NIR, Blue, Gre®iRE, SWIR2 and SWIR3J view geometry(Sensor
Zenith Angle, Sun Zenith angle, and Relative Azijrartd quality information layers (Rarand
Sate QA). Examplinagesof these layers areshown in Figure 2
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Figure24. Example images ofaehof the science datasets in ti8NPP VIIRS VI product.
7.3. File Format

TheSNPP VIIRZgetation Indexproduct files arestored inthe Hiemrchical Data ForméEarth
Observing System (HBfEOS) structure, which ighe newer standard archive format fdASAOS
Data Information System (EOSDIS) produeiescontain two separate structures:
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9 Scientific data sets (SDS) whichai@data array (Rw xColumn or Latitude x longitude)
9 And pur metadatastructures

0 Sructural metadata that describes the content of the file,

o (ore metadata that describes the projection and grid name,

0 Archive metadata that describasiscellaneousspects of thelata andproductsuch as
dates, times, statisticsabout quality etc.that are usefulfor archiingand searcingthe
products.

0 Alimited set of information from the Core and Archive metadata is repeated and stored
as Global file attributesallowingeasy acces®, and parsing of information to identify
the productand contents

AllVIIRS Mproducts areeither in atile format (10x10 degreegrids, Fig25) that are projected
andfixed areasThe use of metadata enhargthe seltdescribinghature of HDIs files andis useful
to the enduser, facilitating the archiving and searching of filHsis netadata provides the users
with general information about the file contents, its characteristaosd general quality, which aids
in deciding if a particular day/file isefsil. There are two types of metadata attributes:

1 Gobal attributescommonto all VIIR$roducts and
1 Productspecific attributes

7.4. Tiled and GlobaProduction

While the SNPRIPSS/IIRS collects data at 375m and 750m, the VIIRS Land team decided to
keep the productionspatially consistent with the EOS MODIS (Justicale013) All VIIRS VI
products aregeneratedat 3 resolutions 500m, 1km, ana Climate Modeling GriCMG) at0.05
deg. (~5%6km), and in2 projections VI Roducts aregeneratedand distributed in adjacent non
overlapping tileunits that are approximately 10 degrees squateu¢ at the equator) called the
sinusoidal tile gridThere area total 0f460 tilesthat are arrangedinto a global 36x18 grid, with
horizontal(0-17)andvertical(0-17)tile numbess. Tile (0,0) is at the upper left corner of the grid and
tile (35,17)at the lower right corner (Fi@5).

h >

01 2 3 45 6 78 91011121314 1516 17 18 10 20 21 2223 24 25 26 27 2829 30 31 32 3334 35

| T

v =

Figure25. Snusoidal Tile Gridystem Eaclsquare is approximately 10x10 degrees and production takes place
over tiles that contain land only (highlighted green in the indetlyringthe winter, the top two tile rows are
either not produced or partially produced (due to sun angle considerations).

The marser resolution CMG products are generated in the Geographic Lat/Lon projection (Fig.
26) and combine and reproject the tiles into a singlebalview.
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Figure26. Global Geographic projectio.heseproductfiles aregeneratedby aggregating and reprojecting
all titles.

7.5. File Naming Convention

There are two types of \RS Vproducts,Tiled and Globallhe fle naming convention fothe
VIIRSroductssuiteis similar tothe file naming usedor MODISand other EO$roducts. The file
names are structured left to rightfollowing this nomenclatur@er product type

7.5.1. Tiled Products

The VIIRS \éeriescontains 3 tiled productsrédm different temporal and spatialesolutions
they all use thefollowing flename conventionadopted to facilitate their identification, searcimd
order:

VXXL3AX.A2020190.hXXvX2002.2020195220005h5

Table3. Tiled product filestandard name description

Sequence | Description

VXX Identifies the product
VNP = $IPP
VJ1 = JPSISNOAA20)
13 Identifies the dataset as vegetation index
AX Indicates the spatial and temporal resolution (2 digits)

A1=500m, 16days

A2 = 1km,16days

A3 = 1km, monthly

A2@®0190 | Observation gar (4digits) followed by the first day dlfie period (3digits)

hXX Horizontal tile number (00 to 35)
vXX Vertical tile number (00 to 17)
002 Identifies the data product version

2020195 | The year the file was processed followed by the dathefyear
220005 The hour (2 digits) minute (2 digits) and second?2 digits)the file was processed
.h5 Indicates thathe output file is in HDEOS3ormat
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7.5.2. GlobalCMGProducts

TheVlsuitealsocontains two global products (VNP13Z1113Chnd VNP13Q2J113C}, with
a pixel resolution of 0.05~5.5km)m a geographical projectioithe filename follows this format:

VXXL3CXA2®0190.002.2020190220005.5

Table4. Global productstandard name description

Sequence| Description
VXX Identifies the product as a VIIRS product
VNP = $IPP
VJ1 = JPSIS(NOAA20)
13 Identifies the dataset as vegetation index
CX Indicates the temporal and spatial resolution (2 digits)
C1 =0.05deg, 16days
C2 = 0.05deg, monthly
A2®0190 | Year (4digits) followed by the first acquisition day thie period (3digits)
001 Identifies the data product version
2020195 | The year the file was processed followed by the dathefyear
220005 The hour, minute and second the file was processed
.h5 Indicates thathe output file is in HDEEOS5 format

8. VNP13A1VJ113A1(16-day 500n) and VNP13AZ/J113A2(16-day 1km)Vl Products

VNP13AAVNP13AZ2and VJ113A1/VJ113Aie generated from thés00m and 1km daily land
surface reflectanceput filesusing the same science algorithm since they shadkneed the same
input data (State QA, Viewing geometry daBainter files). Depending on the input files listad
the process control file (PCF, a file that parameterthe algorithm)the algorithm identifies the
desired output resolution. These products ingestdaily VIIRS Lev&lG (L2G) surface reflectance,
pointer file, gecangle file and Lkm state file(Fig 27). Input filenames are based dhe current

VIIRS surface

reflectance files naming conventistedin table 5.

Table5. VIIRS VI input files
Input file Description resolution
VNPPTHKDI Pointer file, 500m
VNPPT1KDI Pointer file, 1km
VNPO9GHKI Surface reflectance, 500(with HK denoting half kilometer)
VNPO9GIKI Surface reflectance and quality flags, 1km
VNPMGGADL1I Geocangle file, 1km

Note: In the case of JPQSthe Produchames prefixes are [VJ1] instead of [VNP]
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Figure27. 500m/1km VIIRS VI productiolata processinglow diagram In the case of JPSSthe Product
names prefixes are [VJ1] instead of [VNP]

8.1.CompositingAlgorithm Theoretical and Practical Considerations

NDVI and EVlvegetation indicesalgorithmsare calculated using theed and NIR surface
reflectance EVI requires the use of thHadue band following the science algorithms described
earlier. Only reflectance values betweerl® (scaled by 10,000) are retainadd usedduring
processingThe esulting VI values are also scaled by 10,000 and range-1@®00 to 10,000w(e
note the slight deviation from MODIS MWdata range being2000 to 10000).This change was
implemented to deal witlihe Vlalgorithm forced to select cloudy data instead of negative VI values
below the-0.2 threshold, which was observed over inland water. While both valteestal of no
practical use (filtered out or negative) avoiding cloudy observations is alitesjisble If no valid
VI valuecould be obtainedife.,red or NIR outside the normal range, gaps between orbits, bad VI
@1 t dzS awe asSign Gk value Additionally, each output pixel is characterized by a set of QA
flags, to assist and help automate the ppsbcessingTofurther simplify the data posprocessing,
and evaluate the quality of observatigmll pixels are rankedHig.28) based on data u$elness,
derived from the QA flagand the viewing geometry. This pixel reliabiligyterm used to describe
how reliable and useful an observation would foe research, or rank(Didan and Huete, 2006
summarizes the pixel quality based onatgerall quality flagsand how likely it will serve the end
user. The categories of this ranking schemeliatedin table®6.

SNPP/IJPSSEVIIRS VI ATBD & User Guitde2.0 37



Table6. VI rank classes

Rank | Label Rank | Label

0 Excellent 8 Snow/Ice

1 Good 9 Cloud

2 Acceptable 10 Estimated(For CMG products)

3 Marginal 11 LTAVGfor CMG product)

4 Pass -1 NO_DATA

5 Questionable -2 NO_DATA High latitude

6 Poor -3 Antarctica(no production takes place ovémtarcticg
7 Cloud Shadow | -4 Water/Ocean

For CMG

e
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=

Good
Acceptable
Marginal
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Questionable
Poor

Cloud Shadow
Snow

Cloud

[ Rank=t ] [ Rank=2 | [ Rank=3 | [ Renk=a | [ Rankss |
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Y Birave

v v
-WATER
l:lANTARTICA
- NODATA
Figure28. Data raking algorithm flow diagram and example Rank image (DOY 001, inset)

The Vlprocessinglgorithms chain(Fig.20) operateson a perpixel basiandrequiresmultiple
observations (days) to generate a compositedallie Due to orbitl overlap, multiple observations
may exist for ongixel perday (especially athe high latitude where orbits overlap the most due to
the polarorbiting nature of the satellitds In theory, this can result imore than 16 observations
during the 16day composite ayle, however, due to the presence of cloydstmosphere
contaminants sensororbits arrangementsthe actual number ipracticallyless

Using a methodike the one ugd with EOS MODIS Vhe VNP13Al1l/A2and VJ113A1/A2
algorithms separate albbservations by their orbifsa process needed to maintain the consistency
of the viewing geometry as observation from different orbitare collected under different
illumination conditions The NPPVI algorithmstarts bydiscarding all observations that cannot
support the generation of a valid VI value, this usually concernshrange surfaceeflectance(0-

1), caseswherethe generatedvl valugsoutside the acceptable boundariéd to 1). The remaining
observatiors are filtered using the various QA flagsloudstatus and viewing geometr{Fig. D).
Cloudcontaminated pixels and extreme affidir observationsarethe leastdesirableandwill only
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be used as output in case other observasane not present Although outputting a cloudy pixel is
counterintuitive and likely useless, theN®P VIIRS Land science team, as was the case with the
MODIS land science team, adopted a strategy of outpagtin observation under all conditions
unless impossible (out of range). The QA and rank will identify the quality and status of the pixel
and users will likelgiscardit, but there are instances where the cloud flagv®ng, and the pixel

is useful (gpostprocess decision) @imply the pixel could be ignored and gifed using the end

user strategy. Eliminating all cloudy pixels and-@#pg the finer resolution products is of course
possible, as in the case of the CMG product suite, but the science team feels that leaving that
decision to the product users is more prudent at this stage. In later iterations and reprocessing of
the algorithmsthis decisiormay be changed to eliminate cloudy pixels and-fiththe product.

The general objective of the compositing strategy igeénerae gapfree, cloudfree, close to
nadir observations with minimum atmospheric contaminationespeciallyaerosol loads since
correction remains challengin@®nly the highst quality, cloudfree, filtered observationsare
retained forfurther consideration by theecompositingalgorithm In practice, this strict process
results in fewacceptableobservationsover a 16day compositing period, especially when one
considers a mean global cloud cover-60%and the long slash and burn season in the tropldse
goal of the compositing methodology is $elect a single value from the meainingdatathat will
represent the 16 days The VI compositing technique use=y rigorouscriteria under normakto-
ideal observatiorconditionsbut lowers the selection criterizvhen conditions are less than ideal.
Thee are twocompositingsequences

1. Main: Constrained View ArglMaximum Value Composite (@G Huete et al. 2002
2. Backup: Maximum Value Composite (MHGlben 198p

Stack of 16 dall II
i

mages
_________________ l e e e m = = = = — = Pixel by pixel

analysis
No m Yes

1
1
1
1
1
1
: Select best pixel Select best pixel
1
1
1
|

using MVC using CMMVC

Y

Output
composite tile

Figure29. VIIRS VI compositing algorithm

The technique employed depends on the number and quality of observations. The NRkéC is
that used in the AVHHRDVI productHolben 1986)in which the observation with the highest
NDVI value is selected to represent the entire period (16 dms)d orthe assumption that clouds,
aerosolsand other issues lower the NDVI value, and searching for the highest values will minimize
those issues (Huete al. 2002) The CWIVC is an enhanced MVC techniqiige algorithm islike
the one usedwith MODIS;howeva, it has been slightly modifietbr the SNPP VIIR® bin all
observations withview angles below 30 degreesid select based on the maximum NDVI value
within that bin If no pixels are found within the 3@greesthen the algorithm relies on the origgl
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technique inwhich the observations with thievo (or three)highest NDWaluesare compared and
the observation with the smallest view anglesedectedto represent the 16day composite cycle.

All compositing methodologidead to spatial discontinuities, which are inevitable and result
from the fact that disparate days can always be chosen for adjacent pixels over tay46 hus,
adjacent selected pixels may originate from different days, with differentpxelsensor viewing
geometries and different atmospheric and residual cloud/smoke contaminaiidhile Viratioing
tends to minimize theseartefacts,the spatial issues continue to be quite visible sometirhas
usually less in the VI domain

To illustrate how the compositqnalgorithm performs and manipulates the daily observations
we will show exampkefrom two key biomes, the high latitude (ex: Siberia) and the Tropics (ex:
Amazon). Each of these examples illustsatiéferent aspects of the algorithimperformance. High
latitudestend to be prone to snow/ice andnstable surface reflectance due to the bright nature of
the land andare usually covered by many observatiofige tropics usually have a smaller number
of observatios and are prone to persistent cloudsd heay aerosols

8.1.1. Compositing steps foa high latitudepixel

In this example we illustrate the process of compositing with a pixel from the high latitude
region, in Siberia:

Step 1.

Extract rawobservations fronthe multiple orbits and assign a ranking qualtyiuefor each
observation High latitude pixels areharacterized bynultiple observationdrom multiple orbits
due to overlap. Tabl& shows aseries of observations frorigh latitude. Day of the year (DOY),
ORBIINUM, and OBS_COV are used to recortibe observations per orbit. The GROUP column
is a summary of the quality @l observationdased on clouds and aerosdtgds. Observations
are grouped into categories ranging from 0 to 9, with @j®eing the highest quality group and 9
(G9) being the worst.

Table 7 Raw observations for a pixel from high latitude location (Siberia)

poy [novi  [ewi leviz vz sz |reo |niR lswe  |mir  |oreir nujoss cov
231 160 165 165 4992 6630 6633 6850 6385 3998 19730 u
231 144 128 128 2821 6167 4395 4524 466 2386 19731 50
231 298 290 29 2125 6009 5481 5818 5669 1934 19732 53
231 98 105 105 5926 6208 7670 7823 7549 3226 19733 2
231 78 84 84 5926 6208 7672 7794 7587 3180 19733 21
231 -26 -95 28 4032 8170 7633 7592 7020 3387 19742 43
231 163 194 194 4032 8171, 12214 12619 9285 5959 19742 s
231 158 126 126 5315 7451 3308 3518 3956 1903 19743
232 282 330 3300 5170 6773 10662 11282 10189 7140 19744
232 200 199 195 3432 6265 5939 6182 6028 3844 19745
232 405 412 412 1116 6045 6079 6593  S874 2799 19746
232 446 446 486 1110 6044 5728 6264 5471 2468 19746
232 ass 443 443 1110 6044 5286 5791 5471 2468 19746
232 163 178 178 5430 6177 8154 8466 7790 4282 19747
232 26 -384 .25 3553 8330 5865 5834 6534 5328 19756
232 14 767 767 5203 7616 2110 2654 2275 960 19757
232 1217 813 813 5203 7616 2063 2635 2343 1103 19757
233 807 832 832 5298 6921 5875 6907 5396 3988 19758
233 694 722 722 5294 6921 6208 7124 5702 4221 19758
233 563 585 585 3936 6373 6350 7108 4912 2889 19759
233 1174 953 953 78 6093 3016 3819 3534 2015 19760
233 630 594 594 4845 6158 4707 5340 4876 2740 19761
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233 137 165 165 2965 8487 12885 13243 10523 8850 19770 40!
233 103 124 124 2965 8487 12669 12935 10523 8850 19770 33
233 898 850 850 5039 7782 4540 5436 4543 5172 19771 2
234 a17 a33 433 5373 7075 6520 7088 6303 5185 19772 a3
234 an 428 48 5373 7075 6558 7121 6327  S18 197712 a7
234 688 675 675 4343 6491  S198 5967 5202 4751 19773 36
24 1046 50 950 916 6153 23984 4915 3949 2757 19774 54
234 1075 999 995 4158 6153 4151 5201 3998 3983 19775 29
24 285 306 306 6820 6497 7480 7920 7110 5567 19776 2
234 -1002  -619  -619 4814 7349 2421 1980 3582 532 19785 18
214 19 21 21 5407 7232 89% 8971 8951 5287 19786 2
234 35 s 44 5406 7232 9054 9126 5110  S481 19786 41
24 26 29 29 5406 7233 8628 8674 8777 5429 19786 37
235 176 199 199 4665 6616 9437 9776 8242 4886 19787 2
235 121 140 140 1813 6225 10804 11069 10513 5479 19788 a2
235 117 136 136 1813 6225 10710 10965 10513  S479 19788 52
235 65 74 74 3360 6159 9735 9864 9591 5234 19789 32
235 132 147 147 6473 6443 8918 9157 8525  SY78 19790 26
235 83 92 92 6476 6444 8831 8979 8571 5706 19790 30
235 4384 3448 3488 4529 8115 1572 4027 1363 1737 19799 35
235 805 834 834 5397 7394 7559 8883 5498 5288 19800 T
236 174 150 19 4924 6750 8293 8587 8005  S110 19801 42
236 353 340 380 2590 6309 5249 5634 5284 4141 19802 a8
236 578 535 535 2452 6179 4537 5034 4418 4240 19803 a7
23 491 an an S052 5574 5873 5259 19803 a8
236 4937 3348 3677 1264 3730 760 1680 19804 23
236 5303 3397 3397 912 297 438 119 19813 26
236 4923  3Mm8 }N 1106 3251 73 1685 19814 40 GO
237 5213 3880 3616, 5119 1055 3353 650 1575 19815 37,60
237 5142 3147 2985 3242 6403 819 2553 492 1423 19816 4260
237 5031 3087 2999 1451 6210 873 2681 475 1555 19817 31 G0
237 4975 3702 3549) 8602 6367 1167 3478 650 2085 19818 36 GO
237 494 3662 3418 5605 6368 1105 3284 672 1993 19818 25 GO
237 4946 3a41 3406 3725|884l 1110 3283 554 966 19827 «< Sl
237 3627 1517 1430) 5248 7724 651 1392 a12 588 19828 2260
237 478 1780 1584 5245 7723 535 1335 441 675 19828 2360
238 5452 3830 3301 5259 7037 1003 3408 497 1497 19829 2360
238 5328 3547 34%0 5260 7038 938 3078 483 1356 19829 30 GO
238 5296 3095 3083 3781 6509 793 2579 388 1198 19830 40 GO
238 5000 3365 3348 5053 6347 1049 3147 514 1844 19832 32 GO
238 4771 4103 3818 5100 7851 1487 4201 878 1656 19842 261

Observationshighlighted red araemoved because of the poor qualitywhile the green and
white background are observatioesnsideredpotential candidates fooutput. This information is
also shown irFigure30 as a plot. The -¥xis showshe DOYsequence
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Figure30. Singlepixel (high latitude) sequence of observatioetinedfor compositing Surface reflectance
values greater than 1.0 result from overwrder correction and are usually discarded (see3ig.
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Step 2.

Reconstruct observations per orbih this stepall observatios from the same orbit and same
quality group are combined to generate an average observation.

obs# | pov | wowi | evi2 vz sz | rep | NR | BE | mR | & |
1 236 4923 3371 7558 1106 3251 739 1585 GO Table 8. Observations pel
2 237 5213 3616 6890 1055 3353 650 1575 GO .
3 237 5142 2985 3242 6403 819 2553 432 1423 GO orbit.
a 237 S031 2999 6210 273 2641 475 1555 GO
5 237 4972 3496 6367 1141 3393 659 2047 GO RaW observatlons arl
5 237 3947 1508 7723 591 1362 426 632 GO . .
7 238 5285 3627, 7037 966 3221 439 1417 GO reconstructed into S|ng|€
8 238 5296 388 1198 GO

orbit values per day by

1844 GO . .
1 238 arn 7891 1487 4201 878 1656 G1 using the observatior
12 232 1179 7616 2086 2644 2308 1030 G4 i
13 236 5303 3397 2171 8279 912 2972 a3g 1119 coverage W8|ght anc
14 237 4946 3406 3725 8aa1 1110 3283 554 966 orbit number. Figure 31
15 235 4384 3448 4529 8115 1572 4027 1363 1737 ) i
16 236 4937 3677 6072 6399 1264 3730 760 1680 ShOWS the Informatlon
17 231 160 165 4993 6630 6633 5850 6385 3998 .
18 231 144 128 2821 6167 4395 2524 2666 2336 summary of this process
19 231 298 290 2125 6009 5481 5818 5669 1994
20 231 89 95 5926 6208 7670 7808 7567 3203
21 231 -26 -28 4032 8170 7633 7592 7020
2 231 158 126 5315 7451 3408 3518 3956 1903
23 232 200 199 3432 6265 5939 6182 6028 3344
24 232 439 436 1111 6044 5659 6179 5567 2547
25 232 163 178 5430 6177 8194 8466 7790
26 232 -26 -25 3553 8330 5865 5834 6534
27 233 756 782 5294 6921 6022 7007 5531
28 233 563 585 3936 6373 6350 7108 4912
29 233 1174 953 78 6093 3016 3819 3534
N 233 630 594 4845 6158 4707 5340 4376
31 233 898 850 5039 7782 4540 5436 4543
32 234 414 431 5373 7075 6539 7105 6315
33 234 588 675 4343 6491 5198 5967 5202
34 234 1046 950 916 6153 3984 4915 3949
35 234 1075 999 4158 6153 4191 5201 3998
36 234 285 306 6820 6497 7480 7920 7110
37 234 -1002 -619 4814 7949 2421 1980 3582
38 234 30 33 5406 7232 8871 8925 8951
39 235 176 199 2669 6616 9437 9776 8242
40 235 65 74 3360 6159 9735 9864 9591
a1 235 105 117 5474 6443 8871 9061 8549
a2 235 805 894 5397 7394 7559 8883 5498
a3 236 174 190 4924 6750 8293 8587 8005
aa 236 353 340 2590 6309 5249 5634 5284
a5 236 531 501 2448 6178 4797 5336 5153
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Figure31. Earlier orbitalobservationsare combined into a singlealue perorbit.
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Step 3.

Removeall low-quality observations and ruthe compositing algorithm to seledhe best
observation. Using the ranking index, observat®omvith low-quality information are filtered
(removed) leaving onlthe bestgroup of observationslable9 and Figure32 showthe result of this
process

Table9. Selected observations for compositing

Obs # Doy NDVI EVI EVI2 VZ SZ RED NIR BLUE MIR
1 237 5142 3147 2985 3242 6403 819 2553 492 1423
2 237 5031 3087 2999 1451 6210 873 2641 475 1555
3 238 5296 3095 3083 3781 6509 793 2579 388 1198
4 238 5033 2923 2868 M7 6254 817 2473 428 1418
—#—RED NIR —A—-BLUE —o—MIR NDVI —=—EV ——EVI2 + VZ sz
3000 7000
2500 - 6000
5000
§zom E
= ) . - 4000 E
1500 - e T i =]
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g ¥ —— v X - 2000 E
E 500 A 4 =
] & A A —A 1000
4
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Figure32. Slectedobservation

The compositing algorithmwill first attempt to use observations with view angle below 30
If observations are available the MCV willdggplied to thissubgroup, otherwisgthe CVMCV will
be applied taany retained data with any view anglEor thiscase 2 observations have a view angle
below 30 (observatiors #2 and #4). However,observation #4 has the highest NDVI vahred
happens to have the lowest view angle. Therefarkservation #4rom DOY=238 is selected to
represent the 1&day canpositing period.

Note thatwith the MVC algorithmgbservation #3vould have been selected given that it has
the highest NDVI value from the preselected input observatidfmsvever, because of the view
angle outside of 3deg this observatiorwas not se¢cted.

8.1.2. Compositing steps foa pixel in the tropics

Tablel0Oand Figure33 show observation values for a single pixel in the Amazon. Pixelstalose
the equator are charactezedby a smaller number obbservations becauserbits do not overlap
at the equador. Additionally, over the Amazon cloudsre prevalentmore than75% of the time,
making it difficult to get cloudfree pixelsand forcing the algorithm to use poor quality data
sometimes.
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Table10. Raw observations for a pixel in Brazil

pov  |novi |ew l[eviz vz sz [reD NIR BLUE  |mIR ORBIT NU|0BS_cov|ax
230 8779 5616 5498 1383 2765 210 3231 133 480 19725 64
232 2944 2011 2011 6282 2122 1628 2987 1938 1163 19753
232 2955 2009 2009 6280 2122 1614 2968 1874 1080 19753
232 1790 1534 1534 6998 4030 3055 4388 2871 2376 19754
233 259 299 299 5720 aeos| 10090 10627 | 10143 5030 19768
234 3580 2550 2550 3523 3197 1558 3296 1791 1614 19782
235 8433 1707 1669 75 2801 68 200 65 213 19796
236 1860 1734 1734 3633 2428 3663 5337 4436 2757 19810
237 1584 1460 1460 5794 2091 3746 5157 3309 2098 19824
238 a05 417 247 6214 3693 8060 8742 7324 4077 19839
239 1173 1195 1195 4397 3274 5280 6684 5276 3686 19853
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Figure33. Raw observationsme series
Step 1

Reconstruct observations per orball the raw observatiogare reduced toonly 10 after orbit
reconstruction (Tablé1 and Figure34).

Tablell. Single observation per orbit

Obs # DOy NDVI EVI EVI2 VZ 57 RED NIR BLUE MIR GX

2 235 8433 1707 1669 75 2801 68 800 63 213

3 230 8779 5616 5498 1383 2765 210 3231 139 480

4 232 2549 2009 2009 6281 2122 1621 2977 1507 1128
5 232 1790 1534 1534 6998 4030 3055 4388 2871 2376
6 234 3580 2550 2550 3523 3197 1558 3296 1791 1614
7 236 1860 1734 1734 3633 2428 3663 5337 4436 2757
8 237 1584 1460 1460 5794 2091 3746 5157 3309 2098
9 238 405 447 447 6214 3699 B060 8742 7324 4077
10 239 1173 1195 1195 4397 3274 5280 BG4 5276 3686
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Figure34. Single observation per orbit
Step3.

Remove lowguality observations and run compositing algorithm
Table 2. Only one observation was retained

DOY NDVI EVI2 VZ SZ RED NIR BLUE MIR
231 8657 4658 4498 2420 189 2626 131 345

After removingall low-quality observations only 1observationwas retained And while this
was not a higkquality pixel,it was nonethelesthe bestpossible observation with no clou@Sroup
2). Tle pixel output rank will capture and relay the quality of this selected observation.

8.2.  Output Scientifc Data
8.2.1. SDSructure

The500m and 1km 1@lay VI productontain thefollowing scientific datagloutput layers)
Table13. VNP13A1VJ113A1 an¥NP13A2/J113ASDS structure

Science Data set Units DataType | Valid Range | Fill* Scal¢
500m16 days NDVI NDVI INT16 -10,000- 10,000 | -15,000 0.0001
500m16 days EVI EVI INT16 -10,000¢ 10,000 | -15,000 0.0001
500m16 days EVI2 EVI2 INT16 -10,000¢ 10,000 | -15,000 0.0001
500m16 days VI Quality bits UINT16 0-6553%4 65535 N/A

500m16 days redeflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days NIR reflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days blue reflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days green reflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days SWIR1 reflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days SWIR2 reflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days SWIRS3 reflectance Reflectance| INT16 0¢ 10,000 -1000 0.0001
500m16 days view zenith angle Degree INT16 0¢ 18,000 -20,00 0.01

500m16 days sun zenith angle Degree INT16 0¢ 18,000 -20,000 0.01
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500m16 days relative azimuth Degree INT16 -18,000- 18,000 | -20,000 0.01
500m16 days composite day of the Day INT16 1¢ 366 -1 1

500m16 days pixel reliability Rank INT8 0-11 -4 N/A
500m(VNP13ANJ113A)is replaced by 1km fo¥yNP13AR/J113A2
Note: Starting Version 2 all VIIRS HDF5 output files will store additional layers called

[XDim][YDim] (for all products except CMG) that contain the geographic coordinates of each pixel
in m, making the HDF5 files compatible with netCDF4.

*: For the Vls therés more than oneuniqueFill value tacapturethe different LWstatuses. For the
tiled products,the VI Fill is15,0000ver ocean/watey-13,000over land andfor CMG productsit
is-12,0000ver high latitude during the dark winteand-14,000o0ver Antarctica\hich is never
produced. For the Rankhe Fll is-4 overthe ocean (all products}3 for Antarctica (CMG prauts),
-2 over high latitude during the dark winter (CMG onkt)pver land (all products).

8.2.2. Pixel Reliability SDS Description

While acomprehensiveV/l Quality SDS is providedth each productand for each pixelthe
complexity ofthe bitlayout (inherited from MODIS3 usuallydifficult andinaccessibléo average
users looking for a quick method to evaluate the data quality and decide what tct fejetheir
specificapplications To simplify this informationthe VIIRSVI product ard similaty to MODIS,
implemened a pixel reliability metric that uses a simple decimal scale aprbvides an easy
approach toassess the quality of the pixahdits usefulnesgDidan and Huete, 2006) hismetric
provides a simple and direntaskfor automatingfiltering the product(Table6).

8.2.3. Quality Assurance

The quality of each VI product is stored in Quality Assessmentnj@@aplata objects and QA
science data sets (SDS). The QA metadata objects summarize global level file or product quality with
single words and numeric values and thus are useful for data ordering and screening. The QA SDS
(layer) on the other hand, documesthe product quality on a pixdy-pixel basis and thus is useful
for data analyses and applicati®n

Tablel4. VIIRS \Wuality assurance description

Bit# Description Values

0-1 MODLAND_QA 00: VI produced, good quality

01: Viproduced, but check other QA

10: Pixel produced, but most probably cloudy
11: Pixel not produced due to other reasons th
2-5 VI usefulness 0000: Highest quality

0001: Lower quality

0010...1010: Decreasing quality

1100:Lowest quality

1101: Quality so low that it is not useful

1110: L1B data faulty

1111: Not useful for any other reason/n

6-7 Aerosol quantity 00: Climatology
01: Low
10: Average
11: High
Adjacent cloud 1: Yes
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8 detected 0: No
9 Atmosphere BRD| 1: Yes
correction performed | 0: No
10 Mixed clouds 1: Yes
0: No
C1 Collectiorfonly SNPP)
11-132 CP | Land/Water Flag 000: land & desert
Starting 001: !and no desert
C2 the LW 010: inland water
mask will 011: sea water
contain a 101: coastal
finer set SNPPCollection® (and JPSH
of LW C2+ | Land/Water Flag 000:Shallomto moderateand continentalocean
flags 001:Land fothing else but land)
010:Ocean coastlines and lake shorelifes
011:Shallow inland water
100: Mixedland andwater
101Deep inland water
110Mixed water and land
111 Deepocean
14 Possible snowl/ice 1: Yes
0: No
15 Possible shadow 1: Yes
0: No
2 Please read sectiof3.1for further info on how wechangedprocessinghe data based m its
land-water status
®C1: Collection 1 was only produced feXBPVIIRS
¢C2: Collectior2 produced for SNPPand JPS$ (NOAA 20¥1IRS
dShallow ocean now is combined with moderate continental ocean
¢Coastlines are always applied to the band of land near the coast
" The Land water mask classes changed starting \fer@jorefer to Appendix for more
information

Bits are listed from MSB (bit 15) to the LSB (bit 0)
8.3. QAMetadata

The metadata fields usead theVIIRS \firoductsuitearelisted below They provide a summary
of the fil€s overallquality based o frequencyanalysis of theeliability rank.

Table15. Metadata fields for QA evaluation of VNP1BAIM13AIVNP13AZ2/J113A2

Inventory Metadata fields for all VI products (searchable)

QAPERCENTINTERPOLATEDDATA
QAPERCENTMISSINGDATA
QAPERCENTOUTOFBOUNDSDATA
QAPERCENTCLOUDCOVER
QAPERCENTGOODQUALITY
QAPERCENTOTHERQUALITY
QAPERCENTNOTPRODUCEDCLOUD
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QAPERCENTNOTPRODUCEDOTHER

Productspecific metadata (searchable)

VNP13ANJ113A1
VNP13ANJ113A1
VNP13ANJ113A1
VNP13AR/J113A2
VNP13AR/J113A2
VNP13AN/J113A2

ProductSpecific metadata variable name (best quality)

NDVIS00M16DAYQCLASSPERCENTAGE
EVISOOM16DAYQCLASSPERCENTAGE
EVI2500M16DAYQCLASSPERCENTAGE
NDVI1KM16DAYQCLASSPERCENTAGE
EVIIKM16DAYQCLASSPERCENTAGE
EVI21KM16DAYQCLASSPERCENTAGE

Archived Metadata (not searchable)

VNP13ANJ113A1
VNP13ANJ113A1
VNP13ANJ113A1
VNP13AD/J113A2
VNP13AD/J113A2
VNP13AN/J113A2

ProductMetadata variable name (Array of QA usefulness histogram)

QAPERCENTPOORS500M16DAYNDVI
QAPERCENTPOORS500M16DAYEVI
QAPERCENTPOORS500M16DAYEVI2
QAPERCENTPOOR1KM16DAYNDVI
QAPERCENTPOOR1KM16DAYEVI
QAPERCENTPOOR1KM16DAYEVI2

8.4. Global and Local Metadata Attributes

AllSNPPVIIRS Miroductscontainlocal andglobal metadatahat is written during the product
generation.The local metadata is written as attributes of the SDS within the HDH ffiie.global

metadata is useful for archiving, searching, and ordetimg product and describe other key

attributes aboutthe file.

8.4.1. Globd Metadata Attributes

EachHDFHile containsa series ofttribute objecs structures (slightly abridgedor spacé.

The list of the actual metadata structure isAppendix|
8.4.2. GlobalFileAttributes

EachHDHile cantainsa minimum set oéttributes to identify the produgtwritten as global file

attributes and listed in a keyalue format. The following list appsto 500m and 1km datasst

= =4 -4 -8 _a_8_48_4_-4_-9_-4_-29_-29._-2_-2._-2

AlgorithmType
AlgorithmVersion
DataResolution
DayNightFlag
DayNumbers
EastBoundingCoord
EndTime
GRingLatitude
GRingLongitude
HorizontalTileNumber
InputPointer
LacalGranulelD
LongName
NorthBoundingCoord
NumberoflnputGranules
PGENumber
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PGEVersion
PGE_EndTime
PGE_Name
PGE_StartTime
PlatformShortName
ProcessVersion
ProcessingCenter
ProcessingEnvironment
ProductionTime
RangeBeginningDate
RangeBeginningTime
RangeEndingDate
RangeEndingTime
SensorShortName
ShortName
SouthBoundingCoord
StartTime

TilelID

VersionlD
VerticalTileNumber
WestBoundingCoord
identifier_product_doi
identifier_product_doi_authority.

9. VNP13AB/J113A3(monthly 1km)Vegetation IndexProduct

This product is generated using the-déy 1km VIIRS Viled productsusing a temporal
compositing algorithm based on a weighted average scheme to createeacalendarmonth
composite. The output file contain& EDS'sTablel9)

=4 =4 -8 -8 _8_98_92_98_-2_-29_-29_-29_-29_-29_-9_-92_-292._-95_-2._--42._4._-.42_-2

9.1. Monthly CompositingAlgorithm Description

The algorithnfor SNPPVIIRS monthly VI differs frothe one used in the MODIS VI siflfuete
et al. 2002) The VIIRSalgorithm was designed to generate a ®unonthly composite that only
retains and averageobservatiors within the considered monttand not an average of what the
compositing period repramts. t alsousesthe two 16day VIIRS streams that are produceda/s
apart This algorithm operates on a ppixel basis and ingestiNormak and dPhased production
data from the twol6-day 1km VI products that overlap the calendar monffRig35). The use of
both data streams allows for @uasi8-day compositing periodicity thus increasing the number of
observations per monthThis gain in observations allows for a better representation of the month
and helpsgeneratea true average monthly valu&ince both streamare from the sameSNPP
VIIRSensor, observations may timesrepeat (especially for areas with limited good quality pixels)
for a particular monthhowever, the algorithmwasdesigned to identify antb avoidusing repeated
valuesto minimize bias

Because the @ay composite periods extend beyond the limits of ttedendarmonth, only
observations within the monthbased on the composite dawill be used to compute the monthly
pixel value; this is achieved lyoking at each pixe&Composite Day of Year SDS layer from the 1km
input product
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Figure35. Monthly andthe two 16-day composite periods overlap

Once all observations from the &y composites are collected, quality analysis is performed
to decidethe method to calculate tb monthly Vivalue and whichl6-day observationgo use
Clouds, cloud shadow and shauality flagsare extracted for each pixel, thevbservations are
grouped inquality categories from best to lowest qualitising a scheme that follows the pixel rank
approach The subset of observations @ used for thanonthly pixel is selectefbllowing Fig36.

The algorithm &rtsby identifyingif there arecloudfree pixels cloud shadowree, and snowfree.

If thereis a single observatiotihat meetsthose criteria that pixel will be used to represent the
whole month If there are more than one, #ir surface reflectance values aageraged (red, NIR,
blue, green, SWIR1, SWIR2, SWIR3jtenWIsarerecalculated fom this average reflectancéf no
pixelsmeetthese conditionsthe nextQA subset will be created by limiting QA flags to cltvad
and cloud shadowviree. If one or more observations are found, the saaveraging procedure is
usedto generate the monthtvalue Ifno observationsneet thesecriteria, the algorithm looks into
Cloudfree and snowfree observationsandthe process continueas before. If only cloudy pixels
are found, then the Maximum Composited Value (MCV) method will be aseldonly the
observation with the highest NDVI is selected assuming that maximizing the NDVI will minimize the
cloud impact

In assigning theutput pixel QAthe worst-case scenariapproachis usedandthe pixel with
the lowest qualitydictatesthe final output QAwhen the averaging method for VI was usHdanly
a single observatioexists its QA is passed directly from the input observatioie employ the
worst-case scenario to mitigate omission issues in assigning qualisafiddavoring a coresvative
approach.
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Figure36. Monthly VIIR¥I-pixelvalue estimatiorflow chart
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9.1.1. Monthly Algorithm OperationExample

|

Monthly Pixel

To illustrate the operation of the algorithm, we present hameamplesthat show howto
estimate amonthly pixel value from thel6-day data streamsThe resuli arethen compared taa

hypothetical ¢dd MODIS algorithabased value 16-day 1km composites from VIIRS product
VNP132&/VVJ113AXor the periods 017, 033, 049 (Normal Production) and 025, 041,057 (Phased
Production) for the yar 2017were used. The monthly NDVI pixel value will be estimated for the

calendamonth of February[@OY32 to 59).

The first example ifrom a pixel Row=1113 andColumn=1085) in tile hO8v05af area not

prone to clouds or atmosphere issues avitereusually highquality observations exidt Inputfrom

each 16day periodnd QA flagare shown inTable 16.

Tablel16. 16-day 1km compositpixelobservations

SDS 017 025 033 041 049 057

NDVI 1558 1558 1452 1411 1386 1540
EVI 1018 1018 1007 989 983 1026
EVI2 1018 1018 998 987 982 1010
QA 2116 2116 2116 2116 2116 2120
RED 1888 1888 2095 2175 2236 1905
NIR 2585 2585 2807 2890 2956 2599
BLUE 908 908 1027 1051 1077 951

GREEN 1264 1264 1393 1445 1474 1285
SWIR1 3307 3307 3515 3623 3650 3211
SWIR2 3526 3526 3731 3846 3862 3392
SWIR3 2986 2986 3197 3258 3298 2828
VZA 1414 1414 294 1944 315 6263
SZA 4897 4897 4784 4554 4263 3801
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RAA -2450 -2450 -2481 -596 -2420 -2528

CDoY 31 31 36 46 52 60

Rank 0 0 0 0 0 2

Quality flags

Clouds no no no no no no

Shadow no no no no no no

Snowl/ice | nho no no no no no
Processing decision

Use Pixel? yes yes yes

Pweight 0 0 0.333333 |0.333333 [0.333333 |0

Several gooequality observations are availabk® work with. They are cloudree, cloud
shadowfree, and snow/icefree. For February 2017 (Day of the year 32 to 59) the 16day composited
periods partially overlapping the month are -82,4965 (Normal Production) and 28L, 5773
(Phased Productionfz-rom these periods only pixelgth the compositeday of the yea(CDOY)
overlaping the month are usedFollowing tables @, observationdrom periods 17, 25 and 57
were eliminated becausthey correspond to a composite day of the year outside February month
(CDOY we 31, 31 and 60respectively. This éawesonly 3 observationsand ech contributes a
third to the final monthly value.

Table 7. Comparisons othe new (VIIRS combined) and separate methods (old MODIS method) for
generating monthly values.

Monthly values | Normal Prodution* Phased Productioh Combined Streams
NDVI 1426 1468 1415
EVI 996 1002 992
EVI2 991 999 988
QA 2116 2116 2116
RED 2145 2054 2169
NIR 2859 2761 2884
BLUE 1043 994 1052
GREEN 1421 1370 1437
SWIR1 3562 3477 3596
SWIR2 3777 3695 3813
SWIR3 3230 3125 3251
VZA 294 1944 294
SZA 4784 4554 4784
RAA -2481 -596 -2481
RANK 0 0 0

Normal Production and Phased Production monthly values were calculated usivig M&DIS
logic algorithm. They produced a higher NDVI value (1426 and 1468) compared to 1415 obtained
with the combined method. Even though all observations passed the quality test, three
observations were avoided by the VIIRS algorithm because the pixe@ gafne from outside
February. Theseliscardedobservations had higher NDVI valuasd were used by the older
method,impacting the final computedalue,and givinga higher final VI value.

A second example is a pixel (row=403 and column=258) in the BB ropics region, where
good quality data is rare due to cloydénput data values for each 16day period and QA flags are
shown in Table 8, then Monthlyoutput values are shown based on the new and old methodologies

(Table 19).
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Table B. 16-day 1kmcomposited pixel observations and processing deciExample 2

SDS 017 025 033 041 049 057
NDVI 8553 7441 3141 6301 8392 8392
EVI 5454 4521 2350 4962 6303 6303
EVI2 5291 4311 2350 4962 6131 6131
QA 35037 3298 3102 3098 2116 2116
RED 246 408 1843 965 348 348
NIR 3155 2781 3531 4254 3982 3982
BLUE 173 281 2011 971 221 221
GREEN 454 512 2046 1264 674 674
SWIR1 2873 2591 3276 4009 3751 3751
SWIR2 1418 1390 2059 2231 2207 2207
SWIR3 557 712 1598 1170 974 974
VZA 6351 5873 4618 314 1012 1012
SZA 1823 1774 1709 1891 2018 2018
RAA -2381 -2326 -2200 -1957 9 9
CDOY 20 25 35 55 60 60
Rank 7 9 9 9 0 0
Quality flags
Clouds yes yes yes yes no no
Cloud yes no no no no no
Snow/Ice no no no no no no
Processing decision
veerr NI - | ve: T
MVC-> DOY 55

Four observations have cloigsuesand 2 observations are clotfcee. For February 2017 @Y
32 to 59) the 16day composited periods partially overlapping the month ar824,49-65 (Normal
Production) and 2541, 5#73 (Phased Production). From these periods only pixels where the
composited day of the yedhalls within the month will be used. Therefore, akervations from
periods 17, 25 49 and 57were eliminated becaustheir CDOYvere 20, 25, 6Q and 60 respectively
(outside the calendar month)_eaving onl® observations to compute the montfiom. Because
both observationsvere cloudy, the value represéing the month will be seleed using the MCV
method, and in this casethe observation selected was ND®891 corresponding tdOY55.
Observatiorfrom DOY 6@0vas cloudfree, but it was outside the mnth.

Table19. Monthly valuessomparisongrom old andnewmethods

Monthly values | Normal Production | Phased Production | Combined Streams
NDVI 8553 8392 6301
EVI 5454 6303 4962
EVI2 5291 6131 4962
QA 35037 2116 3098
RED 246 348 965
NIR 3155 3982 4254
BLUE 173 221 971
GREEN 454 674 1264
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SWIR1 2873 3751 4009
SWIR2 1418 2207 2231
SWIR3 557 974 1170
VZA 6351 1012 314
SZA 1823 2018 1891
RAA -2381 -9 -1957
RANK 7 0 9

Normal Production and Phased Production have very high sé3&3 and 8392and the new
algorithmresultedin a value 06301.

While very limited in space and timédse two examplesillustrate the performance of the
algorithm, and in both casethe resultingNDVI valuebased on the new approach welower than
the onesobtained by theold algorithm These results indicate that the old algorithm was
overestimating the monthly values by overusing data from adjacent months (Extending as much as
15 daysin the previous or next month sometimes) leading to this bi¥$IRS o the other hand
minimizes this bias by only working with observations from the actual month.

Whenwe look at the spatial distribution(tile h08v05)of the NDVIand the NDVIhistogram
distribution of both algorithms (Figur8&7) they show minor differences<0.36 (Fig37d) and the
NDVI difference histogram (F3g@ e) shows thatnostdifferences are withii%VIunitswith a slight
gain in higher values.

a) Month based on b) Month based on C) Month based on
Normal Production Phased Production Combinedstreans
Normal P. Phased P. Both Streams ——Combined - Normal stream ——Combined - Phased stream

_ \
§ a4 z IIJ||
g g I\
= e /iR \

. __‘_,__‘\‘N‘-_‘_ .-,':'.7 \\-s.

2000 i) 2000 ND\:‘_.:;IUE G000 8000 10000 d) 500 300 300 o :;:I;IJU| ll:lu_"-mlg..l: - . o - e)

(d) NDVI Histogram for Normal, Phased and Combined streamtiée) NDVI difference
between streams

Figure37. Comparisonof tile h08v05monthly NDVI
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a) Normal Production b) Phased Production C) Combined stream

Normal P. Phased P. Combined Streams combined - Narmal stream Combined - Phased stream
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Figure38. Comparisonof tile h12v09 Monthly NDVI

The results for tile h12v09 show similar trexid tile h08v05. The majority of NDVI Differences
betweenthe old method andthe new method are below 1% with slight gain in high values over
the whole range. However, when looking just at 8800 VIrange the NDValues tend to be
slightly lower from the new methadAnd while these differenceare verysmall,they are a direct
result of the bias resulting from the old method overuse of data outside the month.

9.2. Scientific Datasets
9.2.1. SDS Structure

Themonthly 1km VNP13A8J113A3/I product had5 SDS¢Table20) that are identical to the
16-day VPN13A2 SDS latd at different temporal interval and we note the absence of the
composite day of the year.

Table20. VNP13AB/J113AFile SDS structure

Science Data set Units DataType | Valid Range Fil Scale
1km monthly NDVI NDVI INT16 -10,000- 10,000 -15,000 | 0.0001
1km monthly EVI EVI INT16 -10,000¢ 10,000 -15,000 | 0.0001
1km monthly EVI2 EVI2 INT16 -10,000¢ 10,000 -15,000 | 0.0001
1km monthly VI Quality bits UINT16 0-655% 65535 | N/A

1km monthly red reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
1km monthly NIR reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
1km monthly blue reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
1km monthly green reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
1km monthly SWIRtfeflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
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1km monthly SWIR2 reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
1km monthly SWIR3 reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
1km monthly view zenith angle Degree INT16 0¢ 18,000 -20,000 | 0.01
1km monthly sun zenith angle Degree INT16 0¢ 18,000 -20,000 | 0.01
1km monthly relative azimuth angle Degree INT16 -18,000- 18,000 -20,000 | 0.01
1km monthly pixel reliability Rank INT8 0-11 -4 N/A

*: See Fill additional notes ifable B
9.2.2. Pixel reliability & Quality Assurance

Each VNP13A3J113A3output pixel has gixel reliability indexrénk) that summaizes the
dataquality (Table), and a single QA SDS for all Vis (NPXIEVI2) quality assurance (Tah.

9.3. Product Specit Metadata

A listing of the metadata fields used for QA evaluation of WNFL3A3VJ113A3VI product is
below (Table21).

Table21. Metadata fields for QA evaluation of VNP13ARL13A3

Inventory Metadata fields for all VI products (searchable)
QAPERCENTINTERPOLATEDDATA
QAPERCENTMISSINGDATA
QAPERCENTOUTOFBOUNDSDATA
QAPERCENTCLOUDCOVER

QAPERCENTGOODQUALITY

QAPERCENTOTHERQUALITY
QAPERCENTNOTPRODUCEDCLOUD
QAPERCENTNOTPRODUCEDOTHER

Productspecific metadata (searchable)

ProductSpecific metadata vable name (best quality)
VNP13AB/J113A3 NDVIIKMMONTHQCLASSPERCENTAGE
VNP13AB/J113A3 EVIIKMMONTHQCLASSPERCENTAGE
VNP13AB/J113A3 EVI21IKMMONTHQCLASSPERCENTAGE
Archived Metadata (not searchable)

ProductMetadata variable name (Array of QA usefulnestohigm)
VNP13AB/J113A3 QAPERCENTPOOR1KM16MONTHNDVI
VNP13AB/J113A3 QAPERCENTPOOR1KM16MONTHEVI
VNP13AB/J113A3 QAPERCENTPOOR1KM16MONTHEVI2

9.4. Global and Local Metadata Attributes

VNP13AB/J113A3Vetadata attributes are identical to the VNP13X2113AZ16-day 1km VI)
seeAppendix |

10. VNP13CAVJ113CI16days 0.05degYegetation Indexproduct

TheVIIRS/I CMG series is a seamless global 3600x7200 pixel data producBwldiallayers
(SDSk Each file is pproximately 20 MB per composite period (using internal compression). This
is a higher quality climate product useful for modeling &omdyterm globalspatial analysis of Earth
surface processggustice et al 2003The algorithm employa QA filter scheme that removes lower
quality and clouecontaminated pixelsluringaggregatbn and reprojectbn ofthe input 1km data
into the 0.0% geographic (lat/longrid. It uses a spatial gafilling scheme based on historic long
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term average data reords, to produce a continuous, géee, and high-quality product for ready
ingestion by biogeochemical, carbon, and climate models.

In addition, this productises a true statitand/Water maskhat is not based on input data LW
mask statusrather it uses an external fixed ancillary LW mask. Due to the complex process of
orbital data gridding (L2 to L2 Grid) that bins sensor raw data into fixed Earth grid locations (bins)
and due to the size of the sensor footprint at the edge of each scan (observitainiend to grow
with the view angle)the processin addition of the slight Geolocation errofg/olfe et al. 2002)
resultsin slight spatial inconsistencies especially at the edge of water bodies, coastlines, and areas
where the land cover changeslo minimize thadmpact, we use a static external LW mask and
bypass the internal per pixel LW mask status.

10.1. Algorithm Description

Global VNP13@1J113Cdata are cloudree spatial composites of the gridded-tily Tkm
VNP13A2/J113A2and are provided aslavel3 productprojected on &.05degree(5600meter)
Geographic Climatic Modeling Grid (CMi&p. Figure39 shows the processing steps of the CMG

algorithm.
1km tiles || |

_____________________ CMG pixel by pixel
analysis |

At most 36, 1km
pixels depending
on latitude

|
| |
| |
| |
| |
| ) |
| Inverse mapping / I
I Plnv_ M?p Projection of input data I
I rojection to geographical coordinates I
| | |
I Filter pi I
pixels that are No

I cloudy, mixed clouds, il Gozd I
| ormissing in input Q ¥ |
| Y - |
I ©s Replace CMG pixel I
I Reflectanceaveraged value with Long Term I

VIS recomputed Spatial Calc Average :
1 DomintantQA
| Standard deviations J 1
| |
[ L\ 4 1
| |
| 0.05deg Pixel I
— 0 L & o o e e e e e e e - _ |

A\ 4
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Figure39. VNP13CVJ113CHAlgorithm and data processing flow

The algorithm eliminates all aldy observationgrom the inputand the remaining pixels are
averaged usinghree differentschemes. All input-km pixels (nominal 6x6) will either be all clear,
all cloudy, or mixed. These averaging schemes woskasn in FigdO: If all input pixed are clear,
they will be all averaged to produce one output value. If all input pixels are cloudy, the pixel will be
estimated fromthe gapilling historicallongterm averageandif the input pixels are mixed, only
the clear pixels are averaged to produce one output value.
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Figure40. VISpatial averaging

An essentiabart of CMG processing is the presence of a gltdrad-term averagedatase. This
datase will not only be used to fill pixels where the inpeannot be usedbut also used to replace
gapsin case oho datadue toinstrument error, orbit gaps, etdn few instanceseven full tilesare
replaced from this longerm average databaseThe database consists of NDVI, EAfid EVI2 data
layersand the static landvater mask Theresulting dobal products will always be gdpee for s,
but not the surface reflectance layers and oth8DS (Figure4l). The Pixel reliabilitiayer (Rank)
has aspecific value (11=LTAVG) to indicate the pixel value was taken from the database.

This database of fill values is calculated from the average of the good data from all previous
years CMGdor that composite period. As ofly VIIRS VI values from 20122015 were usedo
generate this londerm average databaseThe input values from 1KM 16 days VI datasets were
resampled to CMG and reprojected to lat/lon coordinatdsis database will be regularly updated
with new data. And while this works fine forost pixels, it does have serious disadvantages in case
of disturbances as the pixel will be replaced with data from a-tengy averagebefore the
disturbance.

Certain highly dynamic Land covers may show sudden change when filled from tkeriong
databa®. However, for pixels missing due to cloud contamination, the fill strategy performs well
on average. The algorithm only gap fills the three VI layers, all other layers remain empty with fill
values, except for the data layer '#1 km pix used', whichtitog®, i.e.,no good input data.

Figure4l. Global Gapgilled NDVI from Long Term Average
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10.2. Scientific Datasets
10.2.1.SDS Structure

The 16day 0.05 deg VNP13(/113CW¥VI product has 18 SDSis listedn Table22.
Table22. List of SDS's from iy 0.05 deg VNP13G/11113CVI

Science Data set Units DataType | Valid Range Filx Scale
CMG 0.05deg 16 days NDVI NDVI INT16 -10,000- 10,000 | -15,000 | 0.0001
CMG 0.05deg 16 days EVI EVI INT16 -10,000¢ 10,000 | -15,000 | 0.0001
CMGO0.05deg 16 days EVI2 EVI2 INT16 -10,000¢ 10,000 | -15,000 | 0.0001
CMG 0.05deg 16 days VI Quality bits UINT16 0- 6553 65535 | N/A
CMG 0.05deg 16 days red reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days NIR reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days blue reflectance | Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days green reflectance | Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days SWIR1 reflectancg Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days SWIR2 reflectancg Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days SWIRS3 reflectancg Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05deg 16 days Avg sun zen anglel Degree INT16 0¢ 18,000 -20,000 | 0.01
CMG 0.05deg 16 days NDVI std dev NDVI INT16 0-10,000 -15,000 | 0.0001
CMG 0.05deg 16 days EVI std dev EVI INT16 0-10,000 -15,000 | 0.0001
CMG 0.05deg 16 days EVI2 std dev EVI2 INT16 0-10,000 -15,000 | 0.0001
CMG 0.05deg 16 days #1km pix used Pixels UINT8 0-36 255 1
CMG 0.05deg 16 days #1km pigGdeg VZ | Pixels UINT8 0-36 255 1
CMG 0.05deg 16 days pixel reliability Rank INT8 0-11 -4 N/A

*: See Filadditional notes in Table3L

Note: Starting Version 2 all VIIRS HDF5 output files will store two additional layers called [lat][lon]
(for CMG) that contain the geographic coordinates of each pixel in degrees, making the HDF5 files
compatible with netCDF4.

10.2.2.Pixel Reliability & Quality Assurance

Each VNP13@®1J113Chutput pixel has &ank summary SDS (Talfle and asingleQA SDS
for all VIs (NDVEVI,EVI2) quality assurance (Tak). Pixel reliability SDS will sh@awalue ofll
(LTAVG) if a pixelas replaced from thdongterm averagedatabase Usersanuse thisRankvalue
to mask and remove the loAgrm average values from this produ€not desired

The VI Usefulness rank (bits2an the QA SDS) computation is performed for VNPARZ13C1
according to the criteria in Tablel. Detailed QA bit{13 are kept the same as fUNP13A2/J13A2

bits 1415 are replaced ashownin Table23.
Table23. Bits 1415 of the VNP13Q\tJ113C¥VI Quality Assessment SDS

Bits Parameter Name Value | Description
00 X Hps 2F GKS FAYSNI mlY
14-15 Geospatial quality 01 B Hpi: FYR XK prez 2F
10 bp E: FyYyR X T pi2 2F 0K
11 > 75% of the finer 1km resolution contributed to th
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10.2.3.QAMetadata
A listing of the QA metadata fields in the VNPY33113C¥I product is shown in Tabk.
Table24. Metadata fields for QA evaluation of VNP18G113C1

Inventory Metadata fields for all VI products (searchable)

QAPERCENTINTERPOLATEDDATA
QAPERCENTMISSINGDATA
QAPERCENTOUTOFBOUNDSDATA
QAPERCENTCLOUDCOVER
QAPERCENTGOODQUALITY
QAPERCENTOTHERQUALITY
QAPERCENTNOTPRODUCEDCLOUD
QAPERCENTNOTPRODUCEDOTHER

Productspecific metadata (searchable)

ProductSpecific metadata variable name (best quality)

VNP13CA/J113C1  NDVICMG16DAYQCLASSPERCENTAGE
VNP13CAJ113C1  EVICMG16DAYQCLASSPERCENTAGE
VNP13CAJ113C1  EVI2CMG16DAYQCLASSPERCENTAGE

Archived Metadata (not searchable)

ProductMetadata variable name (Array of QA usefulness histogram)

VNP1E1VJ113C1  QAPERCENTPOORCMG16DAYNDVI
VNP1E1VJ113C1  QAPERCENTPOORCMG16DAYEVI
VNP1E1VJ113C1  QAPERCENTPGIMRG16DARVI2

10.3. Global and Locdletadata Attributes

All VIIRS VI products contain local and global metadata that is written during the product
generation. The local metadata is written as attributes of the SDS within the HDF file. This global
metadata is useful for archiving, searchirmgnd ordering the product and provides other key

attributes about the file.
10.3.1.Global Metadata Attributes

Each HDF file contaires long list ofattribute object structure (slightly abridgedfor this

documentatior). The list of this structure is ippendix- II
10.3.2.GlobalFileAttributes

The Global file attributesf VNP13C1/J113Cprovide useful information about thalgorithm,

processing center, and other aspects of the product, ared

AlgorithmType
AlgorithmVersin
DataResolution
DayNightFlag
DayNumbers
EastBoundingCoord
EndTime
InputPointer

=4 =4 -4 -8 _a_a_a_2
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LocalGranulelD
LongName
NorthBoundingCoord
NumberoflnputGranules
PGENumber
PGEVersion
PGE_EndTime
PGE_Name
PGE_StartTime
PlatformShortName
ProcessVersion
ProcessingCenter
ProcessingEnvironment
ProductionTime
RangeBeginningDate
RangeBeginningTime
RangeEndingDate
RangeEndingTime
SensorShortName
ShortName
SouthBoundingCoord
StartTime

VersionlD
WestBoundingCoord
identifier_product_doi
identifier_product_doi_authority

11. VNP13C2/J113CZmonthly 0.05deg)Vegetation Index ESDR

Global VNP13@2J113C2 data are cloudree temporal composites of the iday
VNP13CA/J113Clproducts. VNP13G¥®J113C2s a level3 product projected on &@.05degree
(5600meter) Geographic (lat/lon)Climate Modeling Grid (CMG). Cleinee coverage is achieved
by replacing clouds with historical VIIRS VI time series climatology sshaidgthe generation of
the input16-day VNP13CQ¥J113CXMGproduct.

=4 =4 -8 -8 _8_8_2_90_20_29_-9_-29_-9_-92._-29a._-9_29a._-2._-24:_--242:_--92_-2_-2°_-2°_-2._-°

11.1. Algorithm description

This algorithm operates (Figu#€) on a pepixel basis and ingesall 16day VI products that
overlap with the calendar month. Once all-d&y composites arpresent a weigh factor based on
the degree of temporal overlap is apgdi to each input. In assigning the pixel QA, a woeste
scenario is used, whereby the pixel with the lowest quality determines the final pixeDQde
again, Normal Production and Phased Production streams are used together to increase the
potential nunber of observations. Howevethis isdifferent from the 1KM monthly VI product
(VNP13AB/J113A3 as the data does not permit théltering based on the exact DOY of the
observation since the input data (VNP13@1113C})does not include@SDS layer indating the
composite day of the pixeHowever, given that the CMG pixel was generated from a pool of 36
1km observations, the probability of observationsrir aday that intersects the montincrease.
And because the weights are directly proportionaltie overlapping period, the second period
(that falls themostin the month) contributes thénighestto the final monthly pixelvalue. This
minimizes any biases associated with using data from outside the month.
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Figure42. MonthlyCMGVIIRS VI flow diagram

11.2. Scientific Datasets

11.2.1.SDS Structure

VNP13CR/J113C2%/I product has 18 SDSs, listed'able25

Table25. List of SDS's from monthly 0-68g VNP13C2J113C%/I
Science Data set Units DataType | Valid Range Filkx Scale
CMG 0.05 Demonthly NDVI NDVI INT16 -10,000- 10,000 | -15,000 | 0.0001
CMG 0.05 Deg monthly EVI EVI INT16 -10,000¢ 10,000 | -15,000 | 0.0001
CMG 0.05 Deg monthly EVI2 EVI2 INT16 -10,000¢ 10,000 | -15,000 | 0.0001
CMG 0.05 Deg monthly VI Quality bits UINT16 0-6553 65535 | N/A
CMG 0.05 Deg monthly red reflectance | Reflectance| INT16 0¢ 10,000 -1000 0.0001
CMG 0.05 Deg monthly NIR reflectance | Reflectance| INT16 0¢ 10,000 -1000 0.0001
CMG 0.05 Deg monthly blue reflectance | Reflectance| INT16 0¢ 10,000 -1000 0.0001
CMG 0.05 Deg monthly green reflectance| Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05 Deg monthly SWIR1 reflectanc Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05 Deg monthly SWIR2 reflectanc Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMGO0.05 Deg monthly SWIRS reflectance Reflectance | INT16 0¢ 10,000 -1000 0.0001
CMG 0.05 Deg monthly Avg sun zen angl{ Degree INT16 0¢ 18,000 -20,000 | 0.01
CMG 0.05 Deg monthly NDVI std dev NDVI INT16 0-10,000 -15,000 | 0.0001
CMG 0.05 Deg monthly Eatdl dev EVI INT16 0-10,000 -15,000 | 0.0001
CMG 0.05 Deg monthly EVI2 std dev EVI2 INT16 0-10,000 -15,000 | 0.0001
CMG 0.05 Deg monthly #1km pix used Pixels UINT8 0-36 255 1
CMG 0.05 Deg monthly #1km pi8@deg VZ| Pixels UINT8 0-36 255 1
CMGO0.05 Deg monthly pixel reliability Rank INT8 0-11 -4 N/A

*. See Fill additional notes in Tablg 1
11.2.2.Pixel reliability& Quality Assurance

Likewith all VIIRS VI products, thé(NP13CAvJ113Clalso generates igel reliability and QA
SDSs documeinig thequality d eachpixel and thus useful for daggostanalysis and applications.
Each VNP1302J113Cadutput pixel has a rank summary (TaB)eanda single QADSor NDVI,
EV] and EVI2 quality assurance.
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11.3. QAMetadata
A listing of the QA metadateefds in the VNP13@2J113C2/I product is shown in TabRs.
Table26. Metadata fields for QA evaluation of VNP1BZPL13C2roducts

Inventory Metadata fields for all VI products (searchable)
QAPERCENTINTERPOLATEDDATA

Productspecific metadata (searchable)

ProductSpecific metadata variable name (best quality)
Archived Metadata (not searchable)

ProductMetadata variable name (Array of QA usefulness

11.4. Global and Local Metadata Attributes

VNP13C2 and VNP13C1 sharestmestructural metadata with slight differences that capture
the temporal resolution
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12. SNPRJPSS/IIRS VI Recorrror and Characterization

All VIIRS/I products, as was the case wBHOSMODIS and AVHRR (Nemani et al 2003, Myneni
et al. 1997, Huete et al. 2006 & 20G8E suitable for the study of land surface vegetatgort,
medium, and longterm patterns, trends and anomalies arghn supportvarious ecosystem
biogeochemical, ancclimate modes by providing key information abouhe land surface
vegetation cover However, the error and uncertainty associated with these Vegetation Index
productsare sometimesquite large, complex, aniime andspace dependentV| productseed to
be well characterized to promote accurate and proper use of tthee series It is however
practically impossible to directly quantify the error in a vegetation inplexiuctdue to the nature
of the index itselfthe underlying remote sensing datand the spatial and temporal context

One carstill explore other quasguantitative methods that aim o simply characteriz these
records and elicit their general errand uncertainty.Here we are proposing @ample framework
(Fig.43) and set of metricgo help characterie and capturethe error and uncertaintyn these
products Additionally, a globalkpatially explicistatistical analysis alsgoroposedto help establish
the errorand characterize the data record.he methods proposednd discussetiere are quasi
guantitative and meant to help characterize the product suiteeand not validate the product.

VU
A

“ dM "-‘(f't- Iy W
[ARTIRLT (™

\
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Figure43. Error and Uncertainty model framework
12.1. Global VI data record Error Framework

The proposedframeworkshould bespatially and temporallgxplicit, andis designed t@apture
keyfeatures of these data records

1 Impact and gality of the atmospherecorrection: This is a key characteristic, and while
current atmosphere correctioralgorithmscan addresand correct a host of atmosphere
issues (water vapomzone, Rayleigh scatteringand lightto medium aerosols, viewing
geometry) their performance is always an issue. In msityations the correction
exacerbates the problemdue to ingesting poor quality ancillary data needed to drive the
atmosphere corretion algorithm

1 Departure from the longterm average The departure although can result from natural
factors (growing season or response to driveris) inmany cases the result of noise and
error in the data. The departure will be measured by #ixsolute distance from the long
term average. To separatbe noisefrom natural change, the errenelated departures are
identified by examining their persistence. A sustained departure is most likely the result of
a natural changglisturbanceand notanerror in the data

1 Temporal profile noise Althoughthe VI temporal profiles capture andflect the natural
cycle of vegetation dynamic, they can also result from noise and error in the underlying
input data. Random and largescillation about the longerm averagds most likely the
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result ofan error in the data and canndte attributedto naturaland gradualvegetation
dynamic.

Using this framework, thereor is portioned into three categorig$ig.44):

1. Error related to input (2)Thiscould be estimated fronaccurateatmospherically corrected
data overvalidationsites(ex: Aeronet/Sinphotometersites Holben et al. 2006

2. Departure from normdstable profile (2) Based on longerm standard deviationgand
statistical analyses of the reads.

3. Temporal profilenoisefstability (3):Will be tased on change about normal/meaihis
indicates noise in data recordsd inhibitsthe profile characterzation especiallyn the
context ofphenology metricextraction

04

Feb10 Mar10 Apr10 May10 Junl0 Jul 10 Augl0 Sepl0 Octl0 Novl0 Decl0

Figure44. Error model
12.1.1.LSR InpuRelated Error

Herdn, we arenot concerned with the VI formulatiqrbut the error in the input to tie VI
equationand how it translates into a VI err@nvelopg. This masures how closeto the actual top
of the canopy the reflectace values aréTOC)which is an indication of thability to remove all
atmosphere contaminatioby the atmosphere correction algorithm

To estimate thiserror, we uwe Surface Reflectancdata from validation sites (ex:
sunphotometersmeasurements oveEOS Corealidation sites, work maintained by the Land
Product Validation groupLPV). The LSR errowas estimated(EOS MODIS LPV website
http://landval.gsfc.nasa.govand https://Ipvs.gsfc.nasa.qoy/to average about 5% inthe Red &
NIR for high-quality data (Vermote et al,
https://landval.gsfc.nasa.qdProductStatus.php?ProductiD=MOD09 This corresponds to the
general error in estimating the surface reflectance underatouds, noresidual cloudsno to
minimum aerosgland ideal atmosphés conditions Usinganad-hoc approach w canthen model
amaximum error assuming the presence of residialmediumaerosoldoads of about+10% in
the Red/NIR reflectance. This meansan assumption of double the error reported over
sunphotometer sites in estimatinge land surface reflectanagnderlessthan-ideal conditions, or
10% error.Using a simple and direct transfer function we can estimate the impact of this surface
reflectance error on the \sing the equationHg. 45).
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Figure45. Input surface reflectance error impact on estimating NDVI.NID¥| error envefee ranges
between-0.1 to 0.1 VI units.
Using this simple transfer modehe resulting maximunVlerror was estimated to

1 For\egetatedareas(High NDVI values¥ 0.040.05 VI Un# (~1-5-%relative)
I Forsparsely anshon-vegetatedareas(Low NDVI values)y 0.11 VI Un#(~100%elative)

12.1.2.Spatial Error Modeling

To model tle input errorspatially andestimateits impact on theesulting Vdatawe canfurther
translate the VI error values from the model in F§.to a longterm annual average map oéd
and NIR. Each pairifdandNIR corresponsto a uniqueVlvalue anderror envelopeand a spatial
error distributionmap caneasilybe constructed (Fig 46 &47).

0%  Relative

Figure 4. Spatialmap of theabsolute and RelativRDVI Errorusingthe model from Figd5.
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Figure 4. LikeNDVI anEVI(EVI2) sasonalerror spatial distributioncan be estimated following the same
model.

12.1.3.Standard Deviation of th&/I ESDR

In statisticsthe standard deviation depicts the departure from norfagkrage or how spread
the data about its average. In the context of thiédata record the standard deiation captures
the impact of both natural processes and neiséated errors on the time series This error is
estimated by statistical analysis of the lorigrm standard deviatiorof the VI profilesand is readily
andexpicitly estimated in spacé~ig 48).

Figure 8. VI Standard deviatiorefror) or departure fronthe long-term average (a) The seasonal NDVI
error, and(b)the EVistandard deviatiorerror shows a smallerrange.

Using this statisticapproach the overall global averagerror is:

T 0.05 (VI Units) for vegetated and 0.005 (VI Unitsyf@rse onon-vegetatedareas
1 With the largesterror observedover vegetated areas and during spring/summer (peak
growing season)

With this frameworkwe computedspatilly explicitannualerror metrics for each pixel. The
resulting global maps elucidate the spatial coherency and error in thesesE$B&results can aid
end-usersto assess these records and associate a spatial and seasoxakeleestimate of error
and uncertainty. Post analysis results using these records can be constrained and their significance
established.Overall, the error due to the surface reflectancaput uncetainty, under ideal
observing conditionswasrather smallwith an absolute maxalue of~0.05, except for sparsely
vegetatedareaswhereit becomes relatively highp to 100%due to the signal (VI<=0.1) being small
and overwhelmed by noiseThe impact o EViand EM2 was larger than that of NDVI. The error
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was also largesturingthe winter due to the presence of snow/ice which introduces more naise
the input data and inhibits atmosphere correction

12.1.4.Accuracy Precision and Uncertainty (APU) of ¥lerecord

The nature of the Wata makes assessing error, uncertainty, precision very challeagihgot
readily possible Traditionally remote sensing measurementgre characterized andalidated
using

1. A variety of ground truth and field data
1 To estdlish the ground truth by perfectly correcting the data over the field site
1 Compareagainst the field datasing QA filteredhighest possible observations

But this usually leads tantited representationand aling issuesnd challenges. Moreover,
this isavalidation of theactualalgorithm under ideal conditions rather than real validatafmctual
dataunder normal observation conditiong.hese limitations suggest assessing the products using:

2. Statistical approachks

Using avariety of metricstoestt 6 f A a K G KS LINRRdzOGQ&a !'t! OKIF NY OGSt
I Calculate Av@nd STDEMhen estimate théJncertainty asthe range between AVG %

STDEV

Compute thePrecisionasSTDEV /AVG

And compute the Accuracy as the difference between the AVG and drue

measurenentt ® . dzi AAyOS GKSNB Aa yz2aG aLlkrdAalrftte S

used to derive the precision, one can use approximation by TM (Gao et al. 2003) or use

a longer more established data record like Aqua or Terra MODIS VI record.

To compute the lpbal NDVI, EVI, and EVI2 APU metrics we usedidomgdata clustered by
Land Cover to estimate average and standard deviafiablé Z).

1
1

Table27: Global land cover dependent APU estimates usingtemy sensor time series and MODIS land
covermaps. These estimates can then be transferred back tadCamag(Fig.49).

VIIRS NDVI TERRA NDVI AQUA NDVI
Land Cover AVERAGESTDEV [ UNCERTAINTY|PRECISION (¥CCURAQKVERAGESTDEV UNCERTAINTY [PRECISION (AYAVERAGESTDEV UNCERTAINTY |PRECISION (%)
Snow/lce -0.029  0.001 -0.03( -0.024 -3.34 -0.013 -0.047 0.014 -0.057 -0.027 -36.104  -0.06Q 0.027  -0.087 -0.033 -41.41
Evergreen needleleaf forest 0.837 0.017 0.814 0.849 219 -0.02§ 0.803 0.047 0.761 0.84§ 5.28( 0.383 0.02§  0.35§ 0.411 2.961
Deciduous neededleleaf fores| 0.804 0.059  0.743 0.861 7.34 -0.02: 0774 0.044 0.73] 0.819 5.74] 0.384 0.029  0.35§ 0.415 4.737
Open Shrublands 0194 0.069  0.133 0.25¢ 3181 0.00¢ 0.204 0.047  0.157 0.251 23.174 0.137 0.02§ 0.111 0.163 24.71.
Deciduous neededleleaf fores| 0.894 0.024  0.86§ 0.91¢ 2.6 -0.014 0.880 0.02§  0.857 0.907 3.154 0.587 0.037  0.55¢ 0.624 4.107
Barren or sparsely vegetated 0.074 0.007  0.06§ 0.087 9.03 0.024 0.10 0.00§  0.091 0.10§ 8.501 0.073 0.01q  0.064 0.083 8.201
Croplands 0.324  0.06 0.257 0.39q 20.54 0.003 0327 0107 0.22§ 0.429 31.22 0.22q 0.094 0.124 0.31§ 51.444
Deciduous broadleaf forest 0.884  0.02 0.85¢ 0.904 2.94 -0.03 0.849 0034 0817 0.889 4.06¢ 0.479 0.03q  0.449 0.508 3.979
Grasslands 0550 0.049  0.501 0.599 8.89 0.004 0554 0044 0519 0.594 7.897 0.29q9 0.024 0.267 0.317 7.908
Deciduous broadleaf forest 0793 0.029 0.77% 0.81§ 272 -0.024 0771 0.05§ 0.719 0.829 7.529 0.441 0.059 0.387 0.501 13.95¢
Woody Savannas 0414 0.057  0.359 0.479 13.71 0.009 04294 0051 0.374 0.474 12.09% 0.199 0.03§  0.16q 0.231 13.44:
Savannas 0297 0.01§ 0.28 0.31§ 5.91 0.033 0329 0017 0.31% 0.344 5.29( 0.193 0.009 0.184 0.202 5.185
Open Shrublands 0.199 0.014 0.18]) 0.209 7.39 0.02]) 0.21 0.01]) 0.209 0.227 5.02] 0.107 0.004 0.094 0.109 4.894
VIIRS EVI TERRA EVI AQUAEVI
Land Cover AVERAGHSTDEV| UNCERTAINTY [PRECISION ($#CCURAQXVERAGESTDEV UNCERTAINTY [PRECISION (AAVERAGESTDEV UNCERTAINTY |PRECISION (%)
Snow/lce -0.05§ 0.017 -0.067 -0.043 -21.85 0.003 -0.053 0.03q -0.083 -0.027 -57.00§  -0.06Q 0.027  -0.087 -0.033 -45.16
Evergreen needleleaf forest 0404 0.03] 0.377 0.439 7.589 -0.019 0.389  0.02 0.363 0.41§ 6.671 0.383 0.02§  0.35§ 0.411 7.237
Deciduous neededleleaf fores| 0414 0.029 0.387 0.443 6.703 -0.034 0381 0031 0.35q 0.414 8.071 0.384 0.029  0.35§ 0.41§ 7.408
Open Shrublands 0139 0.033 0.10% 0.164 24.381 0.00q 0133 0024 0.109 0.157 18.28: 0.137 0.02§ 0.111 0.163 18.674
Deciduous neededleleaf fores| 0.644 0.037 0.613 0.677 4.61Q -0.084 0554 0044 0514 0.601 7.879 0.587 0.037  0.55¢ 0.624 6.314
Barren or sparsely vegetated 0.06] 0.004  0.053 0.069 13.16! 0.014 0.074  0.01 0.064 0.084 13.614 0.073 0.01q  0.064 0.083 13.00:
Croplands 0.249 0.059 0.194 0.303 22.071 -0.024 0.224 0.069 0.154 0.293 31.02 0.224 0.094 0.124 0.31§ 42.897
Deciduous broadleaf forest 0.524 0.029 0.499 0.554 5.564 -0.05] 0.474  0.024 0.449 0.497 5.167 0.479 0.039 0.449 0.504 6.252
Grasslands 0.314  0.03( 0.284 0.344 9.594 -0.03 0.284 0.02§ 0.256 0.309 9.393 0.29¢ 0.024 0.262 0.317 9.615
Deciduous broadleaf forest 0.435  0.02( 0.419 0.459 4.644 -0.03 0.399 0.033 0.364 0.432 8.169 0.441 0.059 0.382 0.501 13.47¢
Woody Savannas 0204 0.034 0.17] 0.239 16.693 -0.024 0183 0.033  0.151 0.21§ 17.359 0.195 0.03§  0.16q 0.231 18.06¢
Savannas 0184 0.004 0.17§ 0.197 4.46Q 0.00q 0183 0.009 0.179 0.197 4.82] 0.193 0.009 0.184 0.203 4.722
Open Shrublands 0.097 0.007  0.094 0.104 7.354 0.004 0.10q 0.007  0.097 0.107 7.364 0.104 0.00§  0.094 0.109 7.444
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VIIRS EVI2 TERRA EVI2 AQUAEVI2
Land Cover AVERAGESTDEV | UNCERTAINTY|PRECISION (¥CCURAQXVERAGHSTDEV UNCERTAINTY [PRECISION (UYAVERAGESTDEV UNCERTAINTY |PRECISION (%)
Snow/lce -0.034 0.00] -0.033 -0.03] -3.467 -0.01 -0.047 0.014 -0.054 -0.029 -29.53¢  -0.054 0.01§  -0.069 -0.034 -28.666
Evergreen needleleaf forest 0404 0.029  0.377 0.434 7.099 -0.014 0.397 0.027  0.36 0.41§ 6.79 0.383 0.02§ 0.354 0.41q 7.217
Deciduous neededleleaf fores| 0.399 0.03  0.363 0.434 9.054 -0.02q 0.379 0.03] 0.349 0.41q9 8.099 0.389 0.029  0.356 0.414 7.53§
Open Shrublands 0.13¢ 0.027  0.104 0.163 20.074 0.007 0143 0023 0.129 0.16§ 15.819 0.1423 0.023  0.119 0.16§ 16.301
Deciduous neededleleaf fores| 0.634 0.030  0.604 0.664 4.726 -0.07§ 055§ 0.044 0.511 0.599 7.904 0.584 0.03§ 0.544 0.621) 6.609
Barren or sparsely 0.06§ 0.01q  0.053 0.074 16.189 0.01§ 0.081 0.013  0.064 0.094 16.41 0.07§ 0.017  0.064 0.091 15.72:
Croplands 0224 0.059 0.167 0.277 23.811 0.004 0.224 0.069 0.154 0.293 31.037 0.22Q 0.094 0.124 0.31§ 42.892
Deciduous broadleaf forest 0524 0.029  0.50q 0.544 4.283 -0.05( 0479 0.024 0.449 0.497 5.144 0.477 0.03q  0.444 0.507 6.202
Grasslands 0304 0.024  0.27§ 0.334 9.299 -0.014 0.291 0.027  0.264 0.31§ 9.293 0.299 0.02§  0.267 0.31§ 9.585
Decil forest 0424 0019  0.409 0.444 4.563 -0.029 039§ 0033 0.369 0.424 8.323 0.434 0.062  0.374 0.499 14.047
Woody Savannas 0194 0.033 0.163 0.227 16.764 -0.014 0181 0.033  0.149 0.214 17.53f 0.193 0.03§ 0.157 0.22§ 18.28:
Savannas 0174 0.009  0.167 0.184 4.944 0.007 0183 0019 0.179 0.193 5.329 0.199 0.009 0.181 0.199 4.854
Open Shrublands 0.104 0.004  0.094 0.114 7.367 0.007 0113 0009 0.104 0.12: 8.163 0.113 0.01q  0.104 0.123 8.405
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Figure49: Statistically modeled Accuracy Precision and Uncertainty of the VI data record. These maps were
estimated based on the statistical analysis of kvagn VI dda over clustered land cover. Then results were
transferred back to a MODIS LC map.

13. SNPRJIPSY/IIRS VI Record Continuity Considerations

Whereas single mission or senspecific measurements of vegetation index exist, the length
of these records is usually limited due to the mission life expectancy, usually few years, engineering
and technological changes which necessitate new designs and improvements, and changes in data
processing methods and approaches which render the older data undesirable and hard to integrate
with newer data. In practice, these limitations impose a restriction on the data usefuimkss,
addressing longerm phenomera and trends because they lackpresentation, or ira statistical
context, they cannot support the generation of an accurate and representativeténgnormal.
Extending these records beyond the life span of a single sensor is crucial to remote sensing data.

Three global daily syntip imagers; AVHRR, MOD#&Rd VIIRS are the current workhorse of
global land surface vegetation imaging. Up to 1998/288HHR (N-7, 9, 11, 14) remained the
only synoptic remote sensing workhorse of Ea@@bservation andtarting 2000/2002 the
records wee augmented bydata from the much-improvedEOSMODISTerra and Aqudlistice
and Townshend 2002; Hueteet al. 2002) and to a lesser extend SPAEGETATION (VGT). These
records are now being replaced blye operational SNPP VIIRS and eventually by fleént Polar
Satellite SysterPSB/IRSinstrument (Fig.50). The merits of these systems lietireir time series
of daily multispectral observations, which are used to characterize and monitor the land surface at
regional to global scales. While not all land products have their heritage in the-N@ARR, the
Vegetation Index data recordates tomcpy M @KSY Dbh! ! Q& JeRditiof OS R
Radiometer (AVHRR) started this continuum (Tucker et al. 2005; Brown et al. 2006). This vital VI
Earth science record supports monitoring, detecting, and quantifying global land vegetation
properties.

To support sensor data continuity, VIIRS VI data was compared to AVHRR and MODIS records.

Figure51shows the data histogram distributions with minor differences across the three sensors.
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Figure50: Current single sensor data records, includiNP® ad JPSS ) VIIRSwhile providing a 35+ year
long time series remain quite disparate and continuity across these sensosstadedaccounted for to use
the record as a single time seriésset: AVHRR, MODIS, and VIIRS spectral basetpas
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Figure51: Red, NIR, Blue, arvls Histogram distributionsf T/A MODIS and-8IPP VIIR&argest differences
in the NIR and blue bands (b) abargestVIdifferences athe low and high endsf the range(b) (Tropics
Deserts Snow/Icé with VIIRSbeinghigher atthe higher endower at thelower end

TheVIIRSAVHRR VIIRSMODISsurfacereflectance and \ifferences are shown in Fig2
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Figure52: VIs spatial distribution of the difference between VIIRS, A\MABRRIODISGloballythe difference
is 25% and is larger with NDVI than EVI/EVI2. Simjldwdyaverage difference in surface reflectance is < 5%
with a 2.5% mean.

The sensor land covdyaseddata crosscorrelatiors show strong and consistertnearity
(R>95%, Fig53), which indicates that \élare for the most part readily interchangeable requiring
minor continuity adjustment (Didan et al. 2016)
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Figure 53. Land cover dependergcross sensor¥is correlation. Data fom the three snsors arehighly
correlated (R>95%)whichshouldpermit translation and continuity.
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Figure54. RegionaVIIRS and MODIS VI continuity analysis. These correlations could be used to design the
transfer functions for the data translation across the two sensors.

Using the above informationand VIIRS/MODIS 202P15 overlap data grototype explicit
pixekbasedmonthly continuitytransfermapswere developed (Fig5) between VIIRS and MODIS
(and AVHRR not shown) These transfer maps can be used to#iatethe VI dataacross the two
sensorsfollowing equatior.:
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VIIRS/ = a(AVHRR) or MODISy) + b (9)

Figure 55. Prototype explicit seasonally dependent per pixel transfer function/map continuity algorithms for
VIIRS to MODI84ing data fron2012 2015).

Any sensor datdom AVHRR, MODIS, or VIIRS can be standardized to any otherdamsdn
using these transfer mapsiere we are proposing/IIRS as the reference sensor based on practical
and contextual reasons, sintkis work concerns VIIRf)e data record is the most recent, and
VIIRSwill likely be the longestconsidering JPSS plans)

This prototypeempiricalcontinuityapproactes suggest that VIIRS will performnaedl as MODIS
(Vargas et al. 2013) and that the VIIRfBadecord will provide for the extension of this VI time
series Prior work(by the VIPgroup, vip.arizona.edwidan et al. 2016) has shown that empirical
and explicit per pixel continuity regionally calibrategyproach performs extremely well in
addressing the ancillary sources of issues in the data recdris. provides a solid and necessary
foundationfor extending the VI time series across these major sensors.

14.Summary and Conclusien

Continuous acquisition of globséitellite imagery over the years has contributed to the creation
of along VI time seriesom AVHRR, MODIS, TM, SRGIT and other sensors. These records now
account for more thai@5years ofsynopticEarth surfac@bservation As these archives grothey
are becorming an invaluable tool for environmental monitoring, resources management, and
climate studies from local, to regional, to global seale

This SNPP effortis building upon the EGMODISegacy and methods. In thdocument we
presentd a st of methodologes and science algorithms for the creation of a consisterniti-
spatial and temporal resolutioiegetation Index product suifeom the SNPP VIIRS SensdYhile
adapting thevariousEOS MODISciencealgorithms toingest andprocessVIRS data was the
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primary goalof this project and documentother objectives and opportunities ranging from
continuity, data processing strategies, and the longer goal of sustaining the generatidongf a
term time-series data record were also discusséfk have alsgresented and discussed an initial
framework fora gatiallyexplicit perpixelerror characterization approach

The SNPP VIIRS dhta are public anavill be availablefrom the LRDAAC(Ipdaac.usgs.ggv
distribution center andvia an interactive online toolr & G KS & OA Sy @& VIR Batay Qa T O.
Exploreryip.arizona.edu/viplab_dat_explorer.phpwith afocus on value addition and estemand
time seriesservices

The SNPP VIIRS Vegetation Index product suite is building upon the MODIS legacy and shows
strong correlation and capabilities to sustain the VI time series for many years.
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Appendixq | ¢ New Land Water Mask design considerations and limitations

In this sectionwe describe the design apgach we followed to generate this new laiveater
maskat all spatialresolutiors. These changes valildress the chronic issues associated with the
older (current production) LW mask. During processing input surface reflectiata for each
pixel/observation is loaded along with its State QA, which includes a flag that defines the
underlying land water mask class. The LW mask should theoretically be a fixed ancillary flag
associagd with the location, however during Lev2G pocessing that converts sensor orbital
swath observations to gridded geolocated data, the flag is assigned to the pixel depending on its
viewing geometry and distortion. This very dynamic process leads to different LW classes being
assigned to the samedation during different overpasses whigksults inmajor spatial
inconsistencies and noise. These issues cono@stly coastal areasrivers, and land with small
water bodies, or water bodies with small islar{@égure 14)main text

To correct these @ies and improve the LW performance we decided to adopt a new
approach based on how a vector line (coastline) is interpreted and converted to a raster line. To
do so have used thigrocessing method:

1 We used.W masldata from:

0 The currentproductionVIIRSandMODE (C6 and older C5 since it contains more refined
classes)

0 TheMOD44WLW mask (at 250 m indicating Land and Water ¢walydi

o An ancillary30-meter resolution global shoreline vector and associated global islands
database [https://rmgsc.cr.usgs.gmutgoing/ecosystems/] (Sayre et al., 2019).

0 We have also manually digitized and corrected the above datasets using Google Earth and
daily MODIS or VIIRS surface reflectance data to constrain the mask and improve its
performance in areas here the above msk arepoor (ex: Missing Scandinavian coastal
islandsthe disconnected river runs, small glacial lakes classification)

1 These databases were merged to create the new LW rimdiskving this logic that depends

on the output spatial resolutionFor all products at all resolutien

0 All processing is based on the sinusoidal projection to minimize distortion on the final
products

o The &nd is now assigned to any pixel with nothing but land. Further correcti@ne
manually implemented in areas where the input LW mask had clear issssigning the
land class follows this logic:

A For the 500 m the 4 finer resolution pixels (@ 250 m) must be all land

A If they contain water the pixel becomes a mix

A For the 1km and CMG the aggregated pixels must have > 90% finer resolution
(@250 m) land tde considered land, otherwisé# is assigned to the med class

0 The @ean is now divided into two categories instead of the older thiiges also helped
us save a slot to be used for other LW mask changes (below).

A Deep ocean like in previous LW masks
A WeO2Y0AYSR aG{KIFIft2gé YR aaz2RSNIGS 2N 02y

o Shallow inland water is now internally separated into two-sedpions a 2 km buffer that
we process to capture any land or coastal water vegetation, all other pixels are no longe
processedFigurel-1)
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Figurel-1. Shallow Inland Water with 2 internal classes, a subclass within the first 2km buffer to be processed,
everything else will no longer be processed. 250 m (left) and 500m (right) resolution showing theffekm
of the inland shallow waterlf the width of the water body is less than twice this 2 km buffer everything will
be processed.
0 2S NBY20OSR (KS G9LIKSYSNIft ol GSNE Oflaa aayo:
This also helped us create a slot farther changes to the LW mask (below).
0 The30 mglobal shoreline vector and associated global islands datadias&s multiples
small island falling within 250m pixel off the shore, and we decided to create a new
GaArAESR 21 GSNJ I yR eiteyidgeace.Of  8a G2 NBFt SO0 GK

Figurel-2. New nixed water and land classes. Separated into land or water dominated.
At 250m we decided to create a double coastline (only at 250 m)

o One coastline on the land side around all water bodies and oceans
0 And a secondoastline on the waterside but dnover oceans

This refiement was implemented as a safety measure around any land/ocean boundary. We
created a waterside buffer tensure that if the coastline omits any land pixels they will still be
processed. Users can still mask these processed pixels by using the
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