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Foreword

Several recent events have highlighted the need for #tmmm satellite observatios of the
Earth. Climate change is expected to significantly impact the functioning of terrestrial ecosystems
and thereby alter fluxes of energy, mass and momentum betwéhe land surface and the
atmosphere. There has been partial success in closing this feedback loop of @liegetatiorg
interactions, however, the accurate characterization of the land surface vegetation and its seasonal
timing and annual sequence e¥ents, is crucial to this effort, and to link land surfatmosphere
interactions in modelsVegetation phenology is a characteristic property of ecosystem functioning
and LINBRAOG2NI 27T S OANdmedus Stddied e CdSrioasBaied thalimate
processes operating at seasonal and interannual time scales (e.g. ENSO) are identifiable in the
phenology of vegetation.

To accurately understand current trends aadomaliesve must have a better characterization
of long term normal Land surfaceegetation and all its derivative measuremert® a central
component ofEarth observingndanintegrator of climateand anthropogenic driverswhile land
surface vegetation is measured by various direct and indirect obsenrahtioetrics the \egetaton
indextime series producis by far the most successfdata record from thevariousEarth Observing
Systems.The international Committee on Earth Observing Satellites (CEOS) convened a Vegetation
Index/Phenology workshop, in summer 2006, to bring thge producers and users of global VI
time-series data and discuss the current state of global VI records, their accuracy, and methods
used to quantify their uncertainties in phenology and lgagm land surface process studieshe
communityrecognizesthe value of thelong term AVHRRIDVI data record and the importance of
backward compatibility so that scientific analyses can utilize the AVHRR .réggrceprocessing
of the AVHRR record should consider steps to integrate important and significant enpents
made with new sensors and algorithms to allow forward compatibility with newer sensors and
products. Reprocessing of AVHRRouldconsider other \6-such as the Enhanced Vegetation Index
-wherever possible and shoutghantitatively address thencertainty in these records

In addition, an important new development in the field of phenology in the United States is the
creation of the National Phenology Network (NPN). TIH&NPN began as a grass roots,
interdisciplinary effort involving botanical glens, academia, and government agencies with the
goal of systematically collecting and analyzing phenological dath making use oatellite
observations. Providing satellite based observations of phenology is a key component of these
efforts and will tirther enhance our observationabpabilities andlata holding.

The sciencedata records discussed in thi®cumentand the methods proposed for their
consistentgeneration and characterizatiomill contribute greatly toward thesebjectives



1. Introduction

One of the primary interests obbservingthe Earth surface with global imagers to
characterize and measutke role of vegetation in largecale global processes with tkeygoal of
understanding how the Earth functions asystem. Thigsequires an understanding of the global
distribution of vegetation types as well as their biophysi@ahctional,structural propertiesand
spatial/temporal variationsWhile many direct spectral imagénterpretation methods existthe
simpler method ofspectral bands ratioing, ovegetation Indices (VIfemains one of the most
robust empiricaimethods for characterizintand surfacevegetationhealth andactivity (Huete et
al. 2002, Tucker et al. 2005Yegetation indiceare designed to enhance the vegetation reflected
signal from measured spectral responses tmaking use of the distinctive saiégetation
characteristic in the re@édge area of the spectrum. Vegetation indiaEsnbire two (or more)
spectral bandsn thered (0.6- 0.7 um) and NIR wavelengths (0-Z.1 pm) regions(Tucker 1979)
Vegetation indicedime seriesinform us about the status of vegetation healtlaring the growing
season ands it changes in response to environmentdimate and anthropogenidrivers Time
series measures of vegetation index have been shown highly correlated with flux tower
photosynthesis measurement aiategrate the response of vegetation to change in environmental
factors providing valuable information to global chamgsearch.

A recentdevelopmentof the study of land surface vegetation with remote senginte series
data is the characterization of vegetation growing season or phenolodyleViphenology is the
study of change of all living things over time, in #asitext phenology is the study of vegetation
change over time using remote sensing data and t(®¢saubien, et al., 2003Because vegetation
phenology affects terrestrial carbon cgclcross a wide range of ecosystem and climate regimes
(Baldocchi et al.2001; Churkina et al., 2005; Richarson et al., 2@@@)rate information related
to phenology is important to studies of regiortalglobal carbon budgets. The presence of leaves
also influences land surface albedo (Moore et al., 1996; Ollinger €204l8) and exerts strong
control on surface radiation budgets and the partitioning of net radiation between latent and
sensible heat fluxes (Chen and Dudhia, 2001; Yang et al., 2001). Thus, the phenological dynamics of
vegetated ecosystems influence a hastt ecophysiological processes that affect hydrologic
processes (Hogg et al., 2000), nutriegtling, (Cooke and Weih, 2005), and lamthosphere
interactions (Heimann et al., 1998).

Many data sets related to plargrowing seasorhave been collected atpgcific sites or in
networks focused on individual plants or plant specgt#,remote sensing provides the only way
to observe and monitor phenology at global scale andaatsistent andegular intervalsSatellite
phenology encompasses the analysigheftiming and rates of vegetation growth, senescence, and
dormancy at seasonal and interannual time scalés.that end vegetation indices, which capture
the aggregate functioning of a canopystar et al., 1984 are the most robust and are widely used
proxies for extracting phenology information.

1.1. Motivation and BackgroundErom Sciencéo Earth Science Data
Records

Climate change is expected to significantly impact the functioning of terrestrial ecosystems and
thereby alter fluxes of energy, mass and momentum between the land surface and the atmosphere
(Melillo et al, 1996; Watsoret al., 1996; Mintz, 1984; Dickineo& HendersorSellers, 1988;
Rowntree, 1988; Bonaet al.,1992). There has been limited success in closing this feedback loop
of climate;vegetatiorg interactions, however, the accurate characterization of land surface
phenology, i.e., the seasonal timiagd annual sequence of events in plant (fég. 1)is crucial to
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this effort, and to link land surface atmosphere interactions in model&laussen, 1994

Vegetation phenology is a characteristic property of ecosystem functioningLdNdS RA OG 2 NJ 2 F
SG2 aid Sy LINEne&a stufidssdhave demonstrated that climate processes operating at
seasonal and interannual time scales (e.g., ENSO) are identifiable in the phenology of vegetation
(Braswell et al., 199@\sner and Braswell, 200Myneni et al. 199)

Recent findings indicate that the effects of climate change are manifested in landscape
phenology(Randerson et al., 1999 encethis has emerged as a key area of research in biosphere
atmosphere interactions, climate change, and global change biofogyA T a4 Ay LIKSy2f 238
AYyGSaANIY GSR @S3aSGlF A2y NBaLRnuede ldcal biGgoghemidaly YSy G | §
processes, including nutrient dynamics, photosynthesis, water cycling, soil moisture depletion,
transpiration, and canopy physiologye{Bh & Borchert 1988; Herwitz 1985).yR ¢ f SR3IS 2 7F
LIK Sy 2 f 2 3 A Gand @e Niiviroaniefital @aditions controlling their activity are further
prerequisite to interannual studies and predictive modeling of land surface responses to climate
change (Mynai et al., 1997 Shabano\et al., 20@; White et al., 2002Huete et al., 2006Saleska
et al. 2007, Huete et al, 2008eeling 1996a, 19950Vith major shifts in global temperature and
precipitation patterns anticipated (ICCP, 2006), there is increasadecn on how land surface
phenology will change in response to global warming, land cover change, and shifts in land use
activities (Schwartz & Reed, 1999; deBeamd Henebry2005; Cochrane et al., 1999; Gedney &

Valdes, 2000; Houghton et al., 2000; lbamet al., 2003).

Latitude

2010
1995 2000 209
1990
1985 Year A |

2015 WMO WDCGG / Japan Meteorological Agency 340 360 380 400 ppm

Figurel. Mean distribution of atmospheric CO2 by time and latitude (2015 WMO WDCGG/Japan
Meteorological Agency http://ds.data.jma.go.jp/ghg/kanshi/ghgp/co2_e.html). The noticeable
difference between the northern and southern hemisphere is driven bygnixeen byvegetation
phenology, volume and timing.
{FGSEEAGS @83SGHGAR2Y Ay RA @bnitoring sehsoralvegdatia® S LI | & §
dynamicgHendersorSellers, 199and 1995)and interannual comparisons of vegetation activity.
Satellite studies usingegetation index time series seasonal profiles have shown how ksocalé
changes in land use and land cover change affect land surface phenology (White et ak0Pg02
The temporal profile of the normalized difference vegetation index (NDVI) hasdbesvn to depict
phenologic events such as, length of the growing season, peak greenness, onset of greenness, and
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leaf turnover or 'drydown’ period and the time integral of the VI over the growing season has been
correlated withNPPGPP (Running and Nemia1988; Prince, 1991; Justice et 2000 Goward et

al., 1991; Tucker and Sellers, 198kiete et al., 2008 There is evidence from satellite data that
the phenology of key biomes is changing in response to shifts in cliMgtesiet al, 1997 Keeling

et al., 1996 White et al., 2002Bogaertet al, 2002; Jiaet al, 2003;Huete et. al., 2006 & 2008,
Saleska et al., 2007), e.g., Myneni e(B97) used a 10 year AVHRRVI data record of northern
Boreal forests to show a warming trend, whbyethe length of the growing season had increased
by nearly 2 weeksWhether these trends will persist, change direction, or disappear altogether
requires accurate observation atige compilation oflong termdata records.The efforsdescribed

by this dcument will detail how a long term muiiensor data recorcibout vegetation and
phenology will be assembled, generated, and characterized.

1.2. Needfor LongTermData Records

Whereas single mission or sensmecificmeasuremens of vegetation indexand pherology
exist, the length of theerecordsis usuallylimited due to the missiolife expectancyusuallybeing
few yeas, engineering and technological chasgevhich necessitates new designs and
improvements, and changéan data processing methodend approg&heswhich render the data
undesirable In practice these limitations impose a restriction on the data usefulness in particular
when addressing long term phenomenon and trergkcause thg lack representationor in
statistical context they cannot suppdtie generation of a accurate and representatiieng term
normal Extending these records bend the siort life time framework of the sensor has bebath
a goal and ahalleng.

The data records discussed in this user guide were proposed wlithinamework2 ¥ b! { | Qa
Making Earth System data records for Use in Research Environments project (MEaShRiss)
project we developed two global data recordsbout vegetation index and phenologyThese
records were generated from multiple sensors spantimgAVHRR and MODIS er@keyprovide
the longestand most consistensatellite based measament of land surface vegetatianThese
records weredeveloped to meet scientific community needs for consistent, global, and -multi
decadal satellitederived data of land surfacevegetation health andlynamic The product are
based onstandard sciencalgorithms forvegetation index andand surface phenologyIn this
documentwe provide & overview of thesciencesupporting these product record$ollowed by a
description of the product algoritheandrecordsspecificatiors.

2.  ScienceBackground

Two key Earth Science Data Records (ESDR) identi&i®éN8A white paper on the Vegetation
Index (Huete et al, 2006) and Phenology (Friedl et al., 20@®)e goal of thieffort. Both of these
data recordsare now standard products generated frolODIS since 2000.The Normalized
Difference Vegetation Index (ND¥d abackward compatible version of tiEnhanced Vegetation
Index(EVI)called EVR, andthe Vegetation Phenology produetere generatedhrough backward
extension to the AVHRR data record and forward compatibility with the Visible Infrared
Imager/Radiometer Suit@/IIRS) sensdhat ispart of the suite of sensoia the Joint Polar Satellite
System (JPSS) miss{t¥elsch et al., 2001)

The theoretical basis for empiricehsed vegetation indices is derived from examination of
typical spectral reflectance signatures of leaves. The reflected energy in the visible is very low as a
result of hidn absorption by photosynthetically active pigments, with maximum absorption values
in the blue (470 nm) and red (670 nm) wavelengths. Nearly all of theinfared radiation (NIR)
is scattered (reflected and transmitted) with very little absorption, imanner dependent upon
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the structural properties of a canopy (LA, leaf angle distribution, leaf morpholdgya. result, the
contrast between red and neanfrared responses is a sensitive measure of vegetation amount,
GAGK YI EAYdzY NB Rdurbing averR JulFcar®pyBand Misidhal ntrast over targets
with little or no vegetation (Fig2). 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 tkeitiRutes

to increasing contrasts as the red band becomes saturated due to chlorophyll absorption.

T T T 1 T 1T 1] \ T T
- \J/\ -
: / \ Green vegetation '
0.6 |- [ A\ i

04 I - \ Dry vegetation

0.2 |- ’ \/ \ '"/’\'- e
. N
K | / N

0.5 1.0 1.5 2.0 2.5

Wavelength (um)

Reflectance
| |

Figure2. Plants absorb and reflect light differently depending on the wavelength and plant health
status. The photosynthetic process absorbs most of/tkible light blue-redregion) and \egetation
reflect much of the neamfrared (NIR). These differences permit the separation of hedithy
stressed plants aridr other objects.

The redNIR contrast can be quantified through the use of ratios (NIR/rdidferences

ObLWHLNBRUZ $6SAIKGISR RAFTFSNBYOSoNBHbEW) ONBROE K2 g

combination. Vegetation indices are measures of this contrast and thus are integrative functions
of canopy structural (%cover, LAI, LAD) phgsiological (pigments, photosynthesis) parameters.

2.1. Vegetation Indexe SDRAIgorithms
2.1.1. Normalized Difference ané&Enhanced Vegetation Indes

Spectral vegetation 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 detectiofhere is currently a consistent ND¥tordextendingfor more
than 3 decades from the NOAA AVHR&ies(Gutman et al., 1995)which hae contributed
significantly to the advancement of Earth System Science, in particular to global, bigrceltural
primary production; interannual fluctuains and impacts of EN$@d other climatic disturbances
especially droughtson primary production; phenology; and climate change and variability
Compared with other land produgts Y R RdzS (2 GKSANI aAYLIX AOA(G@X
sensorsystems facilitating an underlyimieed to ensure continuity of critical data sets to study
climaterelated processesRecent crossensoranalyses angdtudies have shown the potential to
empirically fusenedium andcoarse resolution NDVI measurementaifroew and advanced sensor
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systems (MODIS, SROEGETATION (VGT), SealViFS in@nder to extend the existing long
term NDVI data record (Tucker et al., 2085own et al., 200§. This has been accomplished by
converting one sensespecific time serieinto another, either by degrading newer data to the
AVHRR data record or through processing improvemeittse older data, e.gimplementation of
better atmosphere correctionto AVHRRDeFelice, et al., 200¥ermote et al., 1995, 20060r by
simple satisticaland correlativeanalyes.

¢KS b5xL Aa I y2NXYIFfAT SR (NI yaK2Ndsigefitoi KS bLw
standardize VI values to betwe@sil and +], it is expressed as:

00w Q——— »p

As a ratio, the NDVI has the advantage of minimizing certain types ofdmarelated noise
(positivelycorrelated) and influences attributed to variations in direct/diffuse irradiance, clouds
and cloud shadows, sun and view angles, topography, and atredspdittenuation. Ratioing can
also reduce, to desser degregecalibration(Rao et al., 1994; Vermote et al., 1994d instrument
related errors. The extent to which ratioing can reduce noise is dependent upon the correlation of
noise between red and RIresponses and the degree to which the surface exhibits Lambertian
behavior.

The main disadvantage of ratimased indicedends to be their nonlinearities exhibiting
asymptotic behaviors, which leatb insensitivities to vegetation variations over cerntéand cover
conditions. Ratios also fail to account for the spectral dependencies of additive atmospheric (path
radiance) effects, canogyackground interactions, and canopy bidirectional reflectance
anisotropies, particularly those associated with caypspadowing

The biophysical performance of satellite VI measures of greerassgeerconsistentlytested
and proved useful and well correlated witbntinuous flux tower measurements of photosynthesis
(Huete et al., 2006; Xiao et al., 2005, Rahman t2805) which provide valuable information
aboutthe carbon cyclephenology and the seasonal and intemnual changes in ecosystems. An
accurate depiction of seasonal vegetation dynamics is a desired prerequisitefgateecosystem
modeling, andimproves confidence in ESDR/CDR praoglacti model capabilities to predict longer
term, interannual vegetation responses to climate variability. Comparisons of temporally
aggregated flux tower measures of photosynthesis with satellite VI measures ofngesehave
shown a strong seasonal correspondence with the Enhanced Vegetation Index (EVI) from MODIS
and SPOVGT sensors (Xiao et al., 20Pd05; Rahman et al., 2005; Sims et. al., 2606:te et al.
2008. An example of this tight coupling at the Hanl Forest site is shown in F&. In the case of
NDVI, there is some saturation and an overestimation of GPP. MODIS andGPEYV | ere also
shown to depict phenology cycles in dense Amazon rainforests for the first ¢onérmedby a
strong linear and consistent relationship between seasonal EVI and taaBbrated GPP
measurements of carbon fluxes in both intact rainforest and forest conversion to
pasture/agriculture sites in the AmazoHuete et al., 2006; Xiao et al., 2005
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Figure 3MODIS and SPOT VGT EVI are consistent in their phenological depiction of temperate and
tropical ecosystems, providing -8itu based methods for assessment of VI performance and
capabilitiesa) 16R @ ah5L{ =+ L Qsitu 16#apGPR fukRmeasurasklarvand forests.

b) Seasonal correspondence of MODIS EVI with tower flux measures of GPP in both intact rainforest
(top) and forest conversion to pasture/agriculture (bottom). Huete et al., 2006

2.1.2. Development of 2band EVI (EVI2)

While the utility of theNDVIhas been well established in climate science, one major weakness
is its nonlinear behavior and saturation in high biomass vegetated areas (Huete et al., 2002; Unsalan
& Boyer, 2004; Gitelson, 2004; Vaiopoulos et al., 2004). Reduction of satur#fieats eand
improved linearity adds to the observed accuracy in estimating biophysical parameters from the VI
values and provides a mechanism for matinsor (resolution) scaling of VI values. The enhanced
vegetation index (EVI) was developed to optimlee vegetation signal with improved sensitivity in
high biomass regions and improved vegetation monitoring through-aodling of the canopy
background signal and a reduction in atmosphere influen&agfing et al., 1994luete et al.

2002).

Tominimiz the impact of turbid atmosphere on the VI one can tieedifference in blue and
red reflectances as an estimator of the atmosphere influence leVkls concept is based on the
wavelength dependency of aerosol scattering cratssospheresections. Imgeneralthe scattering
cross section in the blue band is larger than that in the red band. When the aerosol concentration
is higher, the difference in the two bands becomes larger. This information is used to stabilize the
index value against variations aerosol concentration levelsEVI incorporates this atmospheric
resistance concept as in the Atmospheric Resistant Index (K&#ihan et al., 199), along with
the removal of soibrightness induced variations in VI as in the Soil Adjusted Vegetater (SAVI
Huete, 1988 The EVI additionally decouples the soil and atmospheric influences from the
vegetation signal by including a feedback term for simultaneous corregtioete et al., 1994)The
3-bandEVI iexpressed as
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WK S Ndare the full or partially atmospheradly corrected (for Rayleigh scattering and ozone
absorption) surface reflectancelsis the canopy background adjustment that addresses nonlinear,
differentA £ bLw FYR NBR NIRAFYG (NFya¥FSN Qakeli dzaK
coefficients of the aerosol resistance term, which uses the blue band to correct for aerosol
influences in the red band (Huete et al., 2002). The coefficients addpte®lODISEVI are L=1,
G=6, G=7.5, and G (gain factor) =2.5.

EVI has beemised recently in a wide variety of studies, including those on land cover/land cover
change (Wardlow et al., 2007), estimation of vegetation biophysical parameters ¢€akr2004;
Houborg et al., 2007), phenology (Zhang et al., 22088 Xiao et al.2006; Ahl et al., 20Q6Huete
et al., 2008, BEvapotranspiration (Nagler et al., 2005), biodiversity (Waring et al., 2006), and the
estimation ofgross primary production (GPP) (Rahman, et al., 2005; Sims et al., 2006).

Recent crossensor studies have shm the feasibility of NDVI and EVI translation across
several sensors systems (Gallo et al., 2005; Mitigd,2006; Brown et al., 200&;luete et al., 2006).
EVI extension, however, is limited to only sensors that carry a blue channel, which incl@des SP
VGT, SeaWiF8&nd other instrumentsIn contrast to the red and NIR bands, serdgpendent blue
channels are generally not as compatible and often do not overlap, e.g., the MODI&/@16(),
MERISblue (440450 nm), and VIIR8ue (478498 nm) chanals do not overlap, a spectral issue
that restricts the compatibility of crossensor EVI values. Thus, it is recommended that «essor
algorithms should be based on Vs without a blue band (Fensholt et al., 288§ et al., 2008

Since the blue bad in the EVI does not provide additional biophysical informatabout
vegetation properties, rather is aimed at reducing noise and uncertainties associated with highly
variable atmospheric aerosols, @2and adaptation of EVI was developed to be compatitith EVI
(Huete et al., 2006Jiang et al., 2(). An earlier version of th@-band EVI (EVI&)asusedas the
Gol O1 dzLJ Iof MGDNSAEVIKpKOduct for cases when the blue band yields problematic VI
values, mainlyover dense snow or pixel with extensivesubpixel clouds The EVI2 remains
functionally equivalent to the EVI, although slightly more prone to aerosol noise, which is becoming
less significant with continuing advancements in atmosphere corre¢itammote et al., 2002,
Lyapustin et a).2012)

The EVI2 is based orliaearization method and by geometrical analysis of spectral angles in
the rednear infrared reflectance space (Hy.
&
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Figure 4The isolines of the EVI/SAVI and their angles iA\i&Ireflectance space



A linearizedregetation index (LVI) comparable to the EVI is obtained by adjusting the constant
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4. The LVI value of the soil line, Y=XJu¥IL\IIT G y6i 02 gKAOK A& RSaONROSR
LVI = Gi[tan(a +b)- tanb]
_ (N- R) (4)
N + Rtan(p/4+ b)+L/(1- tanb)
Where a gain factqrD ;is multiplied in order to maintain the amplitude of the LVI as that
of the BVI,
_ Gise¢ b
=0
(1- tanb)
2 A0K 2LJWGAYFE 7 FyYyR DX GKS RATFSNBYyOSa o0SiGsSSy
very small when atmospheric effects are insignificant and this optimal LVI is used dsahé EVI,
i.e. EVIQJiang et al., 2008)C2 NJ | 3 A @Sy O2 Ythekeystalsihgleyoptindl G that y R |1 X

minimizesmean absolute differenceMAD) between EVI and EVI2, which resuliS in 2.5imilar
to the standard 2band EVJland the optimal parameter values for the EVI2 equation are,

060 & — (6)

The resulting relationship between EVI and EVI2 show their very close 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 unissimportant
to note that because the -Band EVI lacks the blue band it becomes prone to atmosphere
contamination, although with modern atmosphere correctionistissue is miimal, while
maintaining the other advantages of EVI, being the minimization of background variation and the
additional canopy sensitivity.
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Figure5. Relationship between EVI and EVI2 with MODIS data from 40 test validation sites (Jiang
et al., 20@).



2.1.3.  Continuity Algorithm

In order to generate a sensor independent value for any measurement one of three things
must exst: 1) Same sensor specificatife.g. MODIS on Terra or Aqud) A sensor independent
formulation (easier for a physical entitydr 3)a transfer function capable of translatiagross two
or more sensorgTsendAyush et al, 2010a, 2010b)Sincehe data for this work derive frorsensos
with very differentband passegFig. 6)we are left with option 3 and a continuity algorithm is
required to translate the data.

Relative Spectral Response Function
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Figure 6 VIS and NIR bands spectral response functions for AVHRR, MODIS and VIIRS

Whereasmany of the ontinuity and translation algorithnefforts to dateattempt to use a
qguasiphysically basedpproach thatry to address the continuity ahe band pass differendevel
(Yoshioka et al. 2005, Steven et al 2008:ndAyush,et al., 2010a, 2010b, Trishchenko et al, 2002)
here weproposeal and havedeveloped a hybrid pepixel simpler method based dhe statistical
correlation analysigcross theawo sensorsfAVHRR and MODISkhtheory this method requires
that only data from simultaneous observation be used so they can be compared, however in
practice the approach isleveloped using data from a short period @fansition from AVHR to
MODIS For thiswe limited our data to the periods995-1999 and 2002004 which provides long
enoughrecordwhile limitingthe impact of changeMany of theproposedmethodsrequirea bridge
data record and awo-step translation processusing SPOVGT. The first step is to translate
between AVHRR and SPQGT then from SPOAGT to MODISwith SPOIVGT provithg
observatiors to close the gap betweethe other two sensors These methods are cumbersome
and prone to ancillary issugsspeciallythe lack of an effective clouthaskfor SPOIVGT and due
to differences in data processirgproaches, which creates a hostaoimplexchallenges

For the current methodology(V4) we limited the AVHRR and MODIS data sets t& gfears
before and after transition(19%-2004) from each sensoassuming minimal disturbancesThe
resultingtime series is then filtered to retain only cloud free and high quality data as defindabby t
per pixel Quality Assurance informatianailable in each data recard@he remaining dat is then
aggregate into a one-year cyclefor each sensoand a regressionanalysis performedo extract
three¥ 2 Ny 4 Dfe andftercajt{ S |j didr daghpixel(Fig.7):

1 A general Slope and Intercefat,b),
1 ASope onlywith Intercept set to ZER(@,b=0)
1 A Translatioronly and Slope is set th (a=1,b)

Although theintercept isexpected to beerowhen the input is equal to zer@ preanalysis of
the AVHRRSs. MODI8ata indicates that an interceptasrequiredfor certainsnow covered areas
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(high latitude mostly)due to the erratic AVHRRdata behaviorover snow On the other hand,
tropical foreststime series dataand due to he excessive presence of residual clouds (noise)
(Donahue, et al., 200%and lack ofa consistent growing season (usually a flat profile) required
special handling whera slopeonly mayberequiredto effectively translate between AVHRR and
MODIS.Other areasrequire the application of a slope and intercepi further consider the impact

of seasonality on the relationship between MODIS and AVHRR we modified this algorithm to work
on a perpixel monthly adjustedtep. Theresultingcontinuity algorithmfollowsthis generaform:

00 OOBYOLOW azdwOW b X
Where:

The left side represents thdesiredcontinuity (new) VI value for the AVHRR sensor. AVIHRR
the VI value measured by AVHRRS the slope of the correlation, artids an interceptdynamically
set for each pixe}s To account for seasonahangesthe method was refined by statistically
analyzing the datat a monthly interval. The resulting monthtyanslation functions areghen
applied to the corresponding AVHRR dafa minimize deviation and preserve the trends in the
resulting data the algorithm is applied dynamically to each pixel following these conditions and
logic:

If Greenland then
Use Slope with Intercept algtrim
Else
If SlopeZ> 0.3 then
Use Slope Only Algorithm
Else
If (SlopezZ<0.9)
Use translation Algorithm
Else
Use Slope with Intercept Algorithm
Where SlopéeZis the slope resulting from setting the intercept to ZERO.

JanuarnySlope AugustSlope

A Monthly continuity algorithmbased on a Slope arsgtting Intercept=2ERO

January Slope August Slope
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January Intercept August Intercept

B: Monthly continuity algorithm based on a Slope and Intercept

January Translation August Translation

C Monthly continuity algorithm based on a Simple Translation

Figure7. Global continuity algorithm following the proposed methods (full regressiegression
with slope only, andranslation only). Thealgorithm dynamicallydecides what form of the
continuity to apply based on the analysis of the location of the pixel and its VI profile

Figure8. AVHRRMODIS Correlations (winter and summer data) demonstrating the process of
going from AVHRR to MODIS like data
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