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Foreword 

Several recent events have highlighted the need for long-term satellite observations of the 
Earth.  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.  There has been partial success in closing this feedback loop of climateςvegetationς 
interactions, however, the accurate characterization of the land surface vegetation and its seasonal 
timing and annual sequence of events, is crucial to this effort, and to link land surface-atmosphere 
interactions in models.  Vegetation phenology is a characteristic property of ecosystem functioning 
and ǇǊŜŘƛŎǘƻǊ ƻŦ ŜŎƻǎȅǎǘŜƳ ǇǊƻŎŜǎǎŜǎΦ  Numerous studies have demonstrated that climate 
processes operating at seasonal and interannual time scales (e.g. ENSO) are identifiable in the 
phenology of vegetation. 

To accurately understand current trends and anomalies we must have a better characterization 
of long term normal.  Land surface vegetation and all its derivative measurements are a central 
component of Earth observing and an integrator of climate and anthropogenic drivers.  While land 
surface vegetation is measured by various direct and indirect observational metrics, the vegetation 
index time series product is by far the most successful data record from the various Earth Observing 
Systems.  The international Committee on Earth Observing Satellites (CEOS) convened a Vegetation 
Index/Phenology workshop, in summer 2006, to bring together 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 long-term land surface process studies.  The 
community recognizes the value of the long term AVHRR-NDVI data record and the importance of 
backward compatibility so that scientific analyses can utilize the AVHRR record. Any reprocessing 
of the AVHRR record should consider steps to integrate important and significant improvements 
made with new sensors and algorithms to allow forward compatibility with newer sensors and 
products.  Reprocessing of AVHRR should consider other VIs-such as the Enhanced Vegetation Index 
-wherever possible and should quantitatively address the uncertainty 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).  The US-NPN began as a grass roots, 
interdisciplinary effort involving botanical gardens, academia, and government agencies with the 
goal of systematically collecting and analyzing phenological data and making use of satellite 
observations.  Providing satellite based observations of phenology is a key component of these 
efforts and will further enhance our observational capabilities and data holdings. 

The science data records discussed in this document and the methods proposed for their 
consistent generation and characterization will contribute greatly toward these objectives. 
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1. Introduction 

One of the primary interests of observing the Earth surface with global imagers is to 
characterize and measure the role of vegetation in large-scale global processes with the key goal of 
understanding how the Earth functions as a system. This requires an understanding of the global 
distribution of vegetation types as well as their biophysical, functional, structural properties, and 
spatial/temporal variations. While many direct spectral images interpretation methods exist the 
simpler method of spectral bands ratioing, or Vegetation Indices (VI), remains one of the most 
robust empirical methods for characterizing land surface vegetation health and activity (Huete et 
al. 2002, Tucker et al. 2005).  Vegetation indices are designed to enhance the vegetation reflected 
signal from measured spectral responses by making use of the distinctive soil-vegetation 
characteristic in the red-edge area of the spectrum. Vegetation indices combine two (or more) 
spectral bands in the red (0.6 - 0.7 µm) and NIR wavelengths (0.7-1.1 µm) regions (Tucker 1979).  
Vegetation indices time series inform us about the status of vegetation health during the growing 
season and as it changes in response to environmental, climate, and anthropogenic drivers.  Time 
series measures of vegetation index have been shown highly correlated with flux tower 
photosynthesis measurement and integrate the response of vegetation to change in environmental 
factors providing valuable information to global change research. 

A recent development of the study of land surface vegetation with remote sensing time series 
data is the characterization of vegetation growing season or phenology. While phenology 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 tools (Beaubien, et al., 2003). Because vegetation 
phenology affects terrestrial carbon cycle across a wide range of ecosystem and climate regimes 
(Baldocchi et al., 2001; Churkina et al., 2005; Richarson et al., 2009), accurate information related 
to phenology is important to studies of regional-to-global carbon budgets. The presence of leaves 
also influences land surface albedo (Moore et al., 1996; Ollinger et al., 2008) 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 host of eco-physiological processes that affect hydrologic 
processes (Hogg et al., 2000), nutrient-cycling, (Cooke and Weih, 2005), and land-atmosphere 
interactions (Heimann et al., 1998). 

Many data sets related to plant growing season have been collected at specific sites or in 
networks focused on individual plants or plant species, still remote sensing provides the only way 
to observe and monitor phenology at global scale and at consistent and regular intervals. Satellite 
phenology encompasses the analysis of the timing and rates of vegetation growth, senescence, and 
dormancy at seasonal and interannual time scales.  To that end vegetation indices, which capture 
the aggregate functioning of a canopy (Asrar et al., 1984), are the most robust and are widely used 
proxies for extracting phenology information.  

1.1. Motivation and Background: From Science to 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; Watson et al., 1996; Mintz, 1984; Dickinson & Henderson-Sellers, 1988; 
Rowntree, 1988; Bonan et al., 1992).  There has been limited success in closing this feedback loop 
of climateςvegetationς interactions, however, the accurate characterization of land surface 
phenology, i.e., the seasonal timing and annual sequence of events in plant life (Fig. 1), is crucial to 
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this effort, and to link land surface ς atmosphere interactions in models (Claussen, 1994). 
Vegetation phenology is a characteristic property of ecosystem functioning and ǇǊŜŘƛŎǘƻǊ ƻŦ 
ŜŎƻǎȅǎǘŜƳ ǇǊƻŎŜǎǎŜǎΦ  Numerous studies have demonstrated that climate processes operating at 
seasonal and interannual time scales (e.g., ENSO) are identifiable in the phenology of vegetation 
(Braswell et al., 1996; Asner and Braswell, 2000, Myneni et al. 1997). 

Recent findings indicate that the effects of climate change are manifested in landscape 
phenology (Randerson et al., 1999), hence this has emerged as a key area of research in biosphere-
atmosphere interactions, climate change, and global change biology. {ƘƛŦǘǎ ƛƴ ǇƘŜƴƻƭƻƎȅ ŘŜǇƛŎǘ ŀƴ 
ƛƴǘŜƎǊŀǘŜŘ ǾŜƎŜǘŀǘƛƻƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƘŀƴƎŜ ŀƴŘ influence local biogeochemical 
processes, including nutrient dynamics, photosynthesis, water cycling, soil moisture depletion, 
transpiration, and canopy physiology (Reich & Borchert 1988; Herwitz 1985).  KƴƻǿƭŜŘƎŜ ƻŦ 
ǇƘŜƴƻƭƻƎƛŎ ǾŀǊƛŀōƛƭƛǘȅ and the environmental conditions controlling their activity are further 
prerequisite to inter-annual studies and predictive modeling of land surface responses to climate 
change (Myneni et al., 1997; Shabanov et al., 2002; White et al., 2002, Huete et al., 2006, Saleska 
et al. 2007, Huete et al, 2008, Keeling 1996a, 1996b). With major shifts in global temperature and 
precipitation patterns anticipated (ICCP, 2006), there is increased concern on how land surface 
phenology will change in response to global warming, land cover change, and shifts in land use 
activities (Schwartz & Reed, 1999; deBeurs and Henebry, 2005; Cochrane et al., 1999; Gedney & 
Valdes, 2000; Houghton et al., 2000; Lambin et al., 2003). 

 

Figure 1.  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 by ve driven by vegetation 
phenology, volume and timing. 

{ŀǘŜƭƭƛǘŜ ǾŜƎŜǘŀǘƛƻƴ ƛƴŘƛŎŜǎ ό±LΩǎύ ƘŀǾŜ ǇƭŀȅŜŘ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ monitoring seasonal vegetation 
dynamics (Henderson-Sellers, 1993 and 1995) and interannual comparisons of vegetation activity. 
Satellite studies using vegetation index time series seasonal profiles have shown how broad-scale 
changes in land use and land cover change affect land surface phenology (White et al., 2002, 2009).  
The temporal profile of the normalized difference vegetation index (NDVI) has been shown to depict 
phenologic events such as, length of the growing season, peak greenness, onset of greenness, and 
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leaf turnover or 'dry-down' period and the time integral of the VI over the growing season has been 
correlated with NPP/GPP (Running and Nemani, 1988; Prince, 1991; Justice et al., 2000; Goward et 
al., 1991; Tucker and Sellers, 1986; Huete et al., 2008). There is evidence from satellite data that 
the phenology of key biomes is changing in response to shifts in climate (Myneni et al., 1997; Keeling 
et al., 1996; White et al., 2002; Bogaert et al., 2002; Jia et al., 2003; Huete et. al., 2006 & 2008, 
Saleska et al., 2007), e.g., Myneni et al. (1997) used a 10 year AVHRR-NDVI data record of northern 
Boreal forests to show a warming trend, whereby the length of the growing season had increased 
by nearly 2 weeks.  Whether these trends will persist, change direction, or disappear altogether 
requires accurate observation and the compilation of long term data records.  The efforts described 
by this document will detail how a long term multi-sensor data record about vegetation and 
phenology will be assembled, generated, and characterized. 

1.2. Need for Long Term Data Records 

Whereas single mission or sensor specific measurements of vegetation index and phenology 
exist, the length of these records is usually limited due to the mission life expectancy usually being 
few years, engineering and technological changes which necessitates new designs and 
improvements, and changes in data processing methods and approaches which render the data 
undesirable.  In practice these limitations impose a restriction on the data usefulness in particular 
when addressing long term phenomenon and trends because they lack representation, or in 
statistical context they cannot support the generation of an accurate and representative long term 
normal.  Extending these records beyond the short life time framework of the sensor has been both 
a goal and a challenge. 

The data records discussed in this user guide were proposed within the framework ƻŦ b!{!Ωǎ 
Making Earth System data records for Use in Research Environments project (MEaSUREs).  In this 
project we developed two global data records about vegetation index and phenology.  These 
records were generated from multiple sensors spanning the AVHRR and MODIS eras. They provide 
the longest and most consistent satellite based measurement of land surface vegetation.  These 
records were developed to meet scientific community needs for consistent, global, and multi-
decadal satellite-derived data of land surface vegetation health and dynamic.  The products are 
based on standard science algorithms for vegetation index and land surface phenology.  In this 
document we provide an overview of the science supporting these product records, followed by a 
description of the product algorithms and records specifications. 

2. Science Background 

Two key Earth Science Data Records (ESDR) identified in a NASA white paper on the Vegetation 
Index (Huete et al, 2006) and Phenology (Friedl et al., 2006) are the goal of this effort.  Both of these 
data records are now standard products generated from MODIS since 2000.  The Normalized 
Difference Vegetation Index (NDVI) and a backward compatible version of the Enhanced Vegetation 
Index (EVI), called EVI-2, and the Vegetation Phenology product were generated through backward 
extension to the AVHRR data record and forward compatibility with the Visible Infrared 
Imager/Radiometer Suite (VIIRS) sensor, that is part of the suite of sensors in the Joint Polar Satellite 
System (JPSS) mission (Welsch et al., 2001). 

The theoretical basis for empirical-based 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 high absorption by photosynthetically active pigments, with maximum absorption values 
in the blue (470 nm) and red (670 nm) wavelengths. Nearly all of the near-infrared radiation (NIR) 
is scattered (reflected and transmitted) with very little absorption, in a manner dependent upon 
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the structural properties of a canopy (LAI, leaf angle distribution, leaf morphology).  As a result, the 
contrast between red and near-infrared responses is a sensitive measure of vegetation amount, 
ǿƛǘƘ ƳŀȄƛƳǳƳ ǊŜŘҍbLw ŘƛŦŦŜǊŜƴŎŜǎ ƻccurring over a full canopy and minimal contrast over targets 
with little or no vegetation (Fig. 2). 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 saturated due to chlorophyll absorption. 

 

Figure 2. Plants absorb and reflect light differently depending on the wavelength and plant health 
status. The photosynthetic process absorbs most of the visible light (blue-red region) and vegetation 
reflect much of the near-infrared (NIR). These differences permit the separation of healthy from 
stressed plants and/or other objects. 

The red-NIR contrast can be quantified through the use of ratios (NIR/red), differences 
όbLwҍǊŜŘύΣ ǿŜƛƎƘǘŜŘ ŘƛŦŦŜǊŜƴŎŜǎ όbLwҍƪωǊŜŘύΣ ƭƛƴŜŀǊ ōŀƴŘ ŎƻƳōƛƴŀǘƛƻƴǎ όȄ1ωǊŜŘҌȄ2ωbLwύΣ ƻǊ ŀ ƘȅōǊƛŘ 
combination.  Vegetation indices are measures of this contrast and thus are integrative functions 
of canopy structural (%cover, LAI, LAD) and physiological (pigments, photosynthesis) parameters. 

2.1. Vegetation Index ESDR Algorithms 

2.1.1. Normalized Difference and Enhanced Vegetation Indices 

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 detection.  There is currently a consistent NDVI record extending for more 
than 3 decades from the NOAA AVHRR series (Gutman et al., 1995), which have contributed 
significantly to the advancement of Earth System Science, in particular to global biome, agricultural 
primary production; interannual fluctuations and impacts of ENSO and other climatic disturbances, 
especially droughts, on primary production; phenology; and climate change and variability.  
Compared with other land products, ŀƴŘ ŘǳŜ ǘƻ ǘƘŜƛǊ ǎƛƳǇƭƛŎƛǘȅΣ ±LΩǎ ŀǊŜ ƳƻǊŜ ǊŜŀŘƛƭȅ ŦǳǎŜŘ ŀŎǊƻǎǎ 
sensor systems facilitating an underlying need to ensure continuity of critical data sets to study 
climate-related processes.  Recent cross-sensor analyses and studies have shown the potential to 
empirically fuse medium and coarse resolution NDVI measurements from new and advanced sensor 



6 
 

systems (MODIS, SPOT-VEGETATION (VGT), SeaWiFSΣ ŜǘŎΧ) in order to extend the existing long-
term NDVI data record (Tucker et al., 2005, Brown et al., 2006).  This has been accomplished by 
converting one sensor-specific time series into another, either by degrading newer data to the 
AVHRR data record or through processing improvements of the older data, e.g., implementation of 
better atmosphere corrections to AVHRR (DeFelice, et al., 2003; Vermote et al., 1995, 2006), or by 
simple statistical and correlative analyses. 

¢ƘŜ b5±L ƛǎ ŀ ƴƻǊƳŀƭƛȊŜŘ ǘǊŀƴǎŦƻǊƳ ƻŦ ǘƘŜ bLw ǘƻ ǊŜŘ ǊŜŦƭŜŎǘŀƴŎŜ ǊŀǘƛƻΣ ˊNIRκŕed, designed to 
standardize VI values to between [ҍ1 and +1], it is expressed as: 

ὔὈὠὍ
” ”

” ”
     ρ 

As a ratio, the NDVI has the advantage of minimizing certain types of band-correlated noise 
(positively-correlated) and influences attributed to variations in direct/diffuse irradiance, clouds 
and cloud shadows, sun and view angles, topography, and atmospheric attenuation. Ratioing can 
also reduce, to a lesser degree, calibration (Rao et al., 1994; Vermote et al., 1994) and instrument-
related errors.  The extent to which ratioing can reduce noise is dependent upon the correlation of 
noise between red and NIR responses and the degree to which the surface exhibits Lambertian 
behavior. 

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

The biophysical performance of satellite VI measures of greenness has been consistently tested 
and proved useful and well correlated with continuous flux tower measurements of photosynthesis 
(Huete et al., 2006; Xiao et al., 2005, Rahman et al., 2005), which provide valuable information 
about the carbon cycle, phenology, and the seasonal and inter-annual changes in ecosystems.  An 
accurate depiction of seasonal vegetation dynamics is a desired prerequisite for accurate ecosystem 
modelling, and improves confidence in ESDR/CDR products and model capabilities to predict longer 
term, inter-annual vegetation responses to climate variability.  Comparisons of temporally 
aggregated flux tower measures of photosynthesis with satellite VI measures of greenness have 
shown a strong seasonal correspondence with the Enhanced Vegetation Index (EVI) from MODIS 
and SPOT-VGT sensors (Xiao et al., 2004, 2005; Rahman et al., 2005; Sims et. al., 2006, Huete et al. 
2008).  An example of this tight coupling at the Harvard Forest site is shown in Fig. 3.  In the case of 
NDVI, there is some saturation and an overestimation of GPP.  MODIS and SPOT-VGT EVI were also 
shown to depict phenology cycles in dense Amazon rainforests for the first time, confirmed by 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 Amazon (Huete et al., 2006; Xiao et al., 2005).  
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a) b) 

Figure 3. MODIS and SPOT VGT EVI are consistent in their phenological depiction of temperate and 
tropical ecosystems, providing in-situ based methods for assessment of VI performance and 
capabilities. a) 16-Řŀȅ ah5L{ ±LΩǎ ǇƭƻǘǘŜŘ ǿƛǘƘ ƛƴ-situ 16-day GPP flux measures at Harvard 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 2-band EVI (EVI2) 

While the utility of the NDVI has been well established in climate science, one major weakness 
is its nonlinear behavior and saturation in high biomass vegetated areas (Huete et al., 2002; Ünsalan 
& Boyer, 2004; Gitelson, 2004; Vaiopoulos et al., 2004).  Reduction of saturation effects and 
improved linearity adds to the observed accuracy in estimating biophysical parameters from the VI 
values and provides a mechanism for multi-sensor (resolution) scaling of VI values. The enhanced 
vegetation index (EVI) was developed to optimize the vegetation signal with improved sensitivity in 
high biomass regions and improved vegetation monitoring through a de-coupling of the canopy 
background signal and a reduction in atmosphere influences (Running et al., 1994, Huete et al. 
2002). 

To minimize the impact of turbid atmosphere on the VI one can use the difference in blue and 
red reflectances as an estimator of the atmosphere influence level.  This concept is based on the 
wavelength dependency of aerosol scattering cross atmosphere sections.  In general, the 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 in aerosol concentration levels.  EVI incorporates this atmospheric 
resistance concept as in the Atmospheric Resistant Index (ARVI, Kaufman et al., 1995), along with 
the removal of soil-brightness induced variations in VI as in the Soil Adjusted Vegetation Index (SAVI, 
Huete, 1988). The EVI additionally decouples the soil and atmospheric influences from the 
vegetation signal by including a feedback term for simultaneous correction (Huete et al., 1994). The 
3-band EVI is expressed as: 
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WƘŜǊŜ ˊx are the full or partially atmospherically corrected (for Rayleigh scattering and ozone 
absorption) surface reflectances; L is the canopy background adjustment that addresses nonlinear, 
differentƛŀƭ bLw ŀƴŘ ǊŜŘ ǊŀŘƛŀƴǘ ǘǊŀƴǎŦŜǊ ǘƘǊƻǳƎƘ ŀ ŎŀƴƻǇȅ όōŀǎŜŘ ƻƴ .ŜŜǊΩǎ ƭŀǿύΣ ŀƴŘ /1, C2 are the 
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 adopted for MODIS EVI are L=1, 
C1=6, C2=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 et al., 2007), estimation of vegetation biophysical parameters (Chen et al., 2004; 
Houborg et al., 2007), phenology (Zhang et al., 2003, 2006; Xiao et al., 2006; Ahl et al., 2006, Huete 
et al., 2008), Evapotranspiration (Nagler et al., 2005), biodiversity (Waring et al., 2006), and the 
estimation of gross primary production (GPP) (Rahman, et al., 2005; Sims et al., 2006). 

Recent cross-sensor studies have shown the feasibility of NDVI and EVI translation across 
several sensors systems (Gallo et al., 2005; Miura et al., 2006; Brown et al., 2006, Huete et al., 2006).  
EVI extension, however, is limited to only sensors that carry a blue channel, which includes SPOT-
VGT, SeaWiFS, and other instruments.  In contrast to the red and NIR bands, sensor-dependent blue 
channels are generally not as compatible and often do not overlap, e.g., the MODIS (459-479 nm), 
MERIS-blue (440-450 nm), and VIIRS-blue (478-498 nm) channels do not overlap, a spectral issue 
that restricts the compatibility of cross-sensor EVI values. Thus, it is recommended that cross-sensor 
algorithms should be based on VIs without a blue band (Fensholt et al., 2006, Jiang et al., 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, a 2-band adaptation of EVI was developed to be compatible with EVI 
(Huete et al., 2006, Jiang et al., 2008).  An earlier version of the 2-band EVI (EVI2) was used as the 
άōŀŎƪǳǇ ŀƭƎƻǊƛǘƘƳέ for MODIS EVI product for cases when the blue band yields problematic VI 
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 continuing advancements in atmosphere correction (Vermote et al., 2002, 
Lyapustin et al., 2012).   

The EVI2 is based on a linearization method and by geometrical analysis of spectral angles in 
the red-near infrared reflectance space (Fig. 4). 

 

Figure 4. The isolines of the EVI/SAVI and their angles in red-NIR reflectance space 
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A linearized vegetation index (LVI) comparable to the EVI is obtained by adjusting the constant 
ŀƴƎƭŜ ˉκп ǘƻ ŀ ǾŀǊƛŀōƭŜ ŀƴƎƭŜ ʲΣ ƻǊ ǎƻƛƭ ōŀŎƪƎǊƻǳƴŘ ŀŘƧǳǎǘƳŜƴǘ ŦŀŎǘƻǊ, 

ὒὠὍ ÔÁÎὥὶὧὸὥὲ  (3) 

 Where: ʲ ŘŜǎŎǊƛōŜǎ ŀ ƭƛƴŜ ŀŎǊƻǎǎ 9 ŘŜǾƛŀǘƛƴƎ ŦǊƻƳ ǘƘŜ ǎƻƛl line in clockwise direction in Fig. 

4. The LVI value of the soil line, Y=X, (LVI0) is, LVI0 Ґ ǘŀƴόʲύΣ ǿƘƛŎƘ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎΣ 
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 Where a gain factor, D,̆ is multiplied in order to maintain the amplitude of the LVI as that 

of the EVI,  

( )b
b

tan1

sec2

-

¡
=

G
G  (5) 

 ²ƛǘƘ ƻǇǘƛƳŀƭ ʲ ŀƴŘ DΣ ǘƘŜ ŘƛŦŦŜǊŜƴŎŜǎ ōŜǘǿŜŜƴ ǘƘŜ [±L ǾŀƭǳŜǎ ŀƴŘ ǘƘŜ 9±L ǾŀƭǳŜǎ ǿƻǳƭŘ ōŜ 

very small when atmospheric effects are insignificant and this optimal LVI is used as the 2-band EVI, 

i.e. EVI2 (Jiang et al., 2008).  CƻǊ ŀ ƎƛǾŜƴ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ [ ŀƴŘ ʲΣ there is a single, optimal G that 

minimizes mean absolute difference (MAD) between EVI and EVI2, which results in G = 2.5 similar 

to the standard 3-band EVI, and the optimal parameter values for the EVI2 equation are, 

ὉὠὍς ςȢυ 
 

Ȣz   
    (6) 

The resulting relationship between EVI and EVI2 show their very close correspondence for the 

entire range of values (Fig. 5). The coefficient of determination between EVI and EVI2 is high 

(R2=0.9986) with the Mean Absolute Difference (MAD) of 0.00346 reflectance units.  It is important 

to note that because the 2-band EVI lacks the blue band it becomes prone to atmosphere 

contamination, although with modern atmosphere correction this issue is minimal, while 

maintaining the other advantages of EVI, being the minimization of background variation and the 

additional canopy sensitivity. 

 

Figure 5.  Relationship between EVI and EVI2 with MODIS data from 40 test validation sites (Jiang 
et al., 2008). 
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2.1.3. Continuity Algorithm 

In order to generate a sensor independent value for any measurement one of three things 
must exist: 1) Same sensor specifications (e.g. MODIS on Terra or Aqua), 2) A sensor independent 
formulation (easier for a physical entity), or 3) a transfer function capable of translating across two 
or more sensors (Tsend-Ayush, et al, 2010a, 2010b).  Since the data for this work derive from sensors 
with very different band passes (Fig. 6) we are left with option 3 and a continuity algorithm is 
required to translate the data. 

 

Figure 6. VIS and NIR bands spectral response functions for AVHRR, MODIS and VIIRS 

Whereas many of the continuity and translation algorithm efforts to date attempt to use a 
quasi-physically based approach that try to address the continuity at the band pass difference level 
(Yoshioka et al. 2005, Steven et al 2003; Tsend-Ayush, et al., 2010a, 2010b, Trishchenko et al, 2002) 
here we proposed and have developed a hybrid per-pixel simpler method based on the statistical 
correlation analysis across the two sensors (AVHRR and MODIS).  In theory this method requires 
that only data from simultaneous observation be used so they can be compared, however in 
practice the approach is developed using data from a short period of transition from AVHRR to 
MODIS.  For this we limited our data to the periods 1995-1999 and 2000-2004, which provides long 
enough record while limiting the impact of change.  Many of the proposed methods require a bridge 
data record and a two-step translation process using SPOT-VGT. The first step is to translate 
between AVHRR and SPOT-VGT then from SPOT-VGT to MODIS, with SPOT-VGT providing 
observations to close the gap between the other two sensors.  These methods are cumbersome 
and prone to ancillary issues, especially the lack of an effective cloud mask for SPOT-VGT and due 
to differences in data processing approaches, which creates a host of complex challenges. 

For the current methodology (V4) we limited the AVHRR and MODIS data sets to the 5 years 
before and after transition (1995-2004) from each sensor assuming minimal disturbances.  The 
resulting time series is then filtered to retain only cloud free and high quality data as defined by the 
per pixel Quality Assurance information available in each data record.  The remaining data is then 
aggregated into a one-year cycle for each sensor and a regression analysis performed to extract 
three ŦƻǊƳǎ ƻŦ ǘƘŜ ά{lope and interceptέ Ŝǉǳŀǘƛƻƴ for each pixel (Fig. 7):  

¶ A general Slope and Intercept (a,b), 

¶ A Slope only with Intercept set to ZERO (a,b=0) 

¶ A Translation only and Slope is set to 1 (a=1,b) 

Although, the intercept is expected to be zero when the input is equal to zero, a pre-analysis of 
the AVHRR vs. MODIS data indicates that an intercept was required for certain snow covered areas 
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(high latitude mostly) due to the erratic AVHRR data behavior over snow.  On the other hand, 
tropical forests time series data and due to the excessive presence of residual clouds (noise) 
(Donahue, et al., 2005) and lack of a consistent growing season (usually a flat profile) required 
special handling where a slope only maybe required to effectively translate between AVHRR and 
MODIS.  Other areas require the application of a slope and intercept.  To further consider the impact 
of seasonality on the relationship between MODIS and AVHRR we modified this algorithm to work 
on a per-pixel monthly adjusted step.  The resulting continuity algorithm follows this general form: 

ὓὕὈὍὛ ὃὠὌὙὙ  a z ὃὠὌὙὙ  b   χ 

Where: 

The left side represents the desired continuity (new) VI value for the AVHRR sensor.  AVHRRVI is 

the VI value measured by AVHRR. a is the slope of the correlation, and b is an intercept (dynamically 
set for each pixels).  To account for seasonal changes, the method was refined by statistically 
analyzing the data at a monthly interval. The resulting monthly translation functions are then 
applied to the corresponding AVHRR data.  To 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 algorithm 
Else 
 If Slope-Z > 0.3 then  
  Use Slope Only Algorithm 
 Else 
  If (Slope-Z<-0.9) 
   Use translation Algorithm 
  Else  
   Use Slope with Intercept Algorithm 

Where Slope-Z is the slope resulting from setting the intercept to ZERO. 

 
January Slope 

 
August Slope  

A:  Monthly continuity algorithm based on a Slope and setting Intercept=ZERO 

 
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 

Figure 7.  Global continuity algorithm following the proposed methods (full regression, regression 
with slope only, and translation only).  The algorithm dynamically decides what form of the 
continuity to apply based on the analysis of the location of the pixel and its VI profile 

 

 

Figure 8.  AVHRR-MODIS Correlations (winter and summer data) demonstrating the process of 
going from AVHRR to MODIS like data 
























































































































