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ABSTRACT - Vegetation indices computed from remote sensing data became key components of 

agricultural monitoring and assessment. With the help of these indices, the difference of vegetational 

and other land covers can be contrasted and many useful and applicable data can be gathered ranging 

from vegetation health to growth dynamics among others. In recent decades, starting from the first 

Landsat satellite, a huge number of VIs were developed in order to be able to effectively monitor 

vegetation – the reason for the immense number is due to the fact that every sensor, topographic, 

geographic, vegetative and atmospheric feature is different, and more so are their combinations. This 

is the reason why there is no unified spectral band mathematical formula. The aim of this short 

overview is to provide the reader insight of the main vegetation indices (VIs) that have been used in 

scientific literature and their development over the last 40 years. 
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INTRODUCTION 

Monitoring and assessment of vegetation were always distinctive fields in 
agriculture. With the help of passive (meaning the source of radiation is the 
Sun, thus with diffused sunlight) remote sensing, experts and even farmers 
gain the ability to get information about the plant cover without using 
excessive destructive methods. In this context, the expression of remote 
sensing (RS) is used in measuring reflectance in different spectral ranges 
(bands). Other than that, RS is the term of gathering and processing 
information from objetcs and phenomena without direct physical contact 
(Balázsik, 2010). 

The usual spectral ranges used in RS of vegetation are bands in the red part 
of the visible spectrum (wavelength of appr. 0.6-0.7 μm) and near infrared 
(NIR, appr. 0.7-1.4 μm), because they contain about 90% of the information 
relating to vegetation (Baret et al., 1989). The biophysical aspect of this is 
contributed to the fact that visible radiation (appr. 0,4 μm to 0,7 μm) is 
absorbed by leaf pigment cells (chlorophyll-a, chlorofill-b and carotinoids), 
while radiation in NIR (0,7 μm to 1,4 μm) is strongly reflected by inner leaf 
cellular structures. Therefore vegetative covers can be distinguished by their 
spectral behavior in relation to ground elements and soils by measuring and 
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quantifying the difference of the two spectral bands, and that is the basis of a 
VI (Major et al., 1990; Bannari et al, 1995). 

Figure 1: Typical spectral response of plants with indication of Red Edge 
region  

(source: Introduction to Remote Sensing, Humboldt State University) 

A vegetation index is usually a mathematical combination of a red and near 
infrared channel which are detected by a sensor. The reason behind the usual 
usage of these two bands is the fact that the biggest difference in reflectance is 
comprised between them (the inbetween region is also called Red Edge, i.e. the 
inflection point between 0,65 μm and 0,75 μm, as seen on Figure 1).  The for-
mula of such an index is the separating factor between VIs and their usability, 
and the exact computation is done with the digital numbers (or relative 
reflectances) of image pixels. An index is a number measuring the intensity of 
a phenomenon that is often too complex to be broken down into easily 
understandable factors. This is the case for remote sensing of vegetation, 
because it is generally difficult to make the decomposition for signals observed 
on RS images. (Bannari et al., 1995) Yet, even a well documented vegetation 
index is usually hard to interpret (questionable correlation with vegetative 
cover) and to compare (due to sensor, atmospheric and tomographic 
differences). 

It is worth mentioning that satellite-based remote sensing has been 
operational since the first Landsat mission (1972). Nowadays, there is a huge 
number of satellites that are constantly watching the globe, and among them 
there are a handful of examples which are open access – examples are the 
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latest multispectral Landsat satellites and ESA’s Sentinel missions. 
Furthermore, aerial photography and more specifically unmanned aerial 
vehicles (UAVs) extended with multi- and hyperspectral cameras (also called 
Unmanned Aerial Systems, UASs) are becoming more numerous and 
affordable each year giving access to temporal and spatial resolutions not seen 
before compared to satellites based on today’s technology. 

The aim of this article is to give an overview of significant, mostly ratio-
based vegetation indices found in scientific literature in historical order and in 
a short manner, and to assess their development throughout the last four 
decades. Nowadays, classification of VIs is affected by technological 
advancement as modern sensors allow us to gather more precise data. Thus, 
narrow band (meaning the data is less scattered but also of lesser amount) 
indices are distinguished from broad band ones. In fact, narrow bands (such 
as bands at the red edge positions) can be used singularly to acquire applicable 
information of vegetation. The main differentiating factor between broad and 
narrow bands lies in their applicability: while high spectral resolution means 
very precies and compact data, the range of interpretation is also smaller, due 
to the fact that the gathered information is very specific. On the other hand, 
broad band indices can be more universally applied to plant assesment but 
their specificallity – because of the bulk information – is low. The choice 
between them has to be made every time, whether it be scientific purpose or 
general farm management. In the article, we avoid the differentiatiation of 
narrow and broad bands, thus we use a more traditional approach of 
discerning vegetation indices. 

Indices mentioned here are checked and referenced in the online database, 
https://www.indexdatabase.de/. 

HISTORY OF VEGETATION INDICES 

One of the first researches conducted in the topic of reflective properties of 
plants was done by Wilstatter and Stoll in 1913. However, the creation of the 
first vegetation index was prior to the launch of the first Landsat satellite as 
stated by Mróz and Sobieraj, (2004). The first two VIs were simple ratios of 
bands Red and NIR (Near Infrared), the Ratio Vegetation Index (RVI) and the 
Vegetation Index Number (VIN). VIN is also called the Simple Ratio (SR). 

RVI =  
RED

NIR
 (1) 
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VIN =  
NIR

RED
 (2) 

In spite of the simplicity of the formulas, sources differ on their origins. 
However, the earliest mention was by C.F. Jordan in 1969, according to Xue and 
Su (2017). 

The sole purpose of them is to contrast the difference between vegetation 
and other ground objects, and they are still used even today (mostly in 
comparisons, such as in Huete and Jackson, 1987) as they are easy to compute 
and interpret. Ratio-based indices have the huge benefit of eliminating 
disturbing factors that affect all bands in the same way (such as topography, 
Baret and Guyot, 1991). However, if the vegetation is sparse and soil 
reflectances come in action, they become near useless and these indices do not 
have normal distribution either (Bannari et al., 1995). 

One of the oldest, yet even nowadays among the most used indices 
wordwide is the Normalised Difference Vegetation Index (NDVI) which was 
created by Rouse et al. in 1974 (a). It could be viewed as the enhanced and 
normalised version of VIN (SR), as it is its linear function (Perry and 
Lautenschlager, 1984). 

NDVI =  
NIR − RED

NIR + RED
=  

𝑉𝐼𝑁 − 1

𝑉𝐼𝑁 + 1
 (3) 

The success of NDVI is through its normalization (index range is from -1 to 
1) process that enables the user to easily explain and compare the results. 
Beside that, as it is also a ratio-based index the same benefits apply here as 
well. However, it does not correct atmospheric effects, and has a short dynamic 
range – underestimates sparse vegetation because of soil effects and rapidly 
saturates at very high vegetation density because it weighs the red and near-
infrared bands the same in its formula. The NDVI has been successfully applied 
in a great number of studies in the last four decades, ranging from vegetation 
monitoring (Santos and Negri, 1996; Radoslaw, 2010; Yengoh et al., 2014), 
classification (Julien et al., 2011; Havasi and Benő, 2012;) to estimation of 
different vegetational traits (i.e. chlorophyll and nitrogen content, plant 
height; Prince and Tucker, 1986; Deblonde and Cihlar, 1993; Payero et al. 2004; 
Ambrus et al, 2015). 

The fact that NDVI lacks normal distribution and has negative values, in the 
same year of the developement of NDVI (1974, b), Rouse et al. created the 
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Transformed Vegetation Index (TVI) to eliminate the aforementioned 
problems. 

TVI =  √NDVI + 0.5 (4) 

Obviously, if NDVI < -0.5 (very low NDVI values) then it cannot be 
computed. According to Perry and Lautenschlager (1984), TVI could still be 
negative so they improved it (some sources list it as TVI2). 

TVI2 =  
NDVI + 0.5

|NDVI + 0.5|
∗  √|NDVI + 0.5| (5) 

In 1976, Kauth and Thomas, based on the processing of Landsat images, 
developed the method of Tasseled Cap Transformation (TCT). It is different 
from the aforementioned indices in the fact that it converses and compacts the 
original bands into fewer ones leaving only the useful information in them The 
results of the transformation are four computed bands (as outputs), namely 
the Soil Brightness Index (SBI), Green Vegetation Index (GVI). Yellow 
Vegetation Index (YVI) and the Non-Such Index (NSI, which contains the noise 
from the image) (Xue and Su, 2017). It is worth mentioning that in 2017, 
Nedokov successfully applied the TCT on Sentinel-2 images and reported 
remarkable results. 

One of the main problems of ratio-based indices is the fact that they are not 
taken into account noise coming from sparsely vegetated areas (i.g. soil 
reflectance). In light of this, after prior research of soil effects, Richardson and 
Wiegand proposed the Perpendicular Vegetation Index (PVI) in 1977 which 
was perfected by the work of Jackson et al. in 1980 (formula 6 and 7 
accodingly). 

PVI = √(REDsoil + REDveg)2 + (NIRsoil + NIRveg)2 (6) 

PVI =  
(NIR − aRED − b)

√a2 + 1
 (7) 

Where ’a’ and ’b’ are the slope and intercept of the ’soil line’ (Figure 2). Ri-
chardson and Wiegand (1977) noted that pixels representing soils tend to align 
in RED-NIR space on the same line, and they named it the Soil Background Line 
(SBL) which came to be known as the soil line. Vegetation indices that utilize 
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the soil line parameters represent a different category of ratio- (or slope-) -
based indices. The gerenal formula of the soil line concept can be seen on For-
mula 8 (Bannari et al., 1995). 

NIR = aR + b (8) 
 

Figure 2: PVI index and the soil line  
(source: http://a-a-r-s.org) 

The sole purpose of PVI is to measure the prependicular distance of 
vegetation pixels from the soil line (Figure 2) as Richardson and Wiegand also 
noted that pixels representing vegetation are always on the left side of the SBL 
(and pixels representing water bodies are on its right side). However, studies 
showed that PVI is still very prone to miscalculations due to variable soil 
effects, and the determination the exact parameters of a given soil line is 
challenging (i.g. Major et al., 1990; Huete, 1985). Yet, it is used quite often in 
comparisons, classifications and biomass-estimations (such as in: Huete et al., 
1985;  Major et al., 1990; Garey et al., 2004, Payero et al., 2004; Wenlong, 2009). 

One of the most straightforward vegetation indices is the simple difference 
of the bands RED-NIR, which is called the Differenced Vegetation Index (DVI). 

DVI = NIR − RED (9) 

As with RVI and VIN, sources differ on the origins of DVI, but most of them 
agree on the fact that it was first mentioned with Landsat-bands in the works 
of Richardson and Wiegand in 1977. It is still used nowadays due to its 
simplicity (faster computational times) mainly in comparisons and vegetation 
monitoring (Bannari et al., 1995; Barzegar et al., 2015). 
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In 1988, mostly because of the deficiencies of NDVI and PVI in evaluating 
the soil reflectances, Huete proposed the Soil Adjusted Vegetation Index (SAVI, 
Formula 10). It is a compromise between the two main types of VIs (slope-
based and orthogonal indices) as it contains a non-linear factor (L) which 
correlates with vegetation density (Huete, 1988). 

SAVI =
NIR − RED

NIR + RED + L
(1 + 𝐿) (10) 

It is apparent if L equals 0, then SAVI equals NDVI. According to Huete, when 
L is 0.5 (L can range from 0 to 1) it permits the best adjustment against canopy 
backscattering, but the general rule is that the denser the vegetation, the closer 
L is to 1. So in order to have adequate results, the user needs to evaluate the 
density of vegetation on a given area and pair it with the correct L value from 
literature or prior research. However, in many cases the density of vegetation 
is the one that we are aiming to determine with VIs. So in order to address this 
problem Qi et al. proposed the Modified Soil Adjusted Vegetation Index 
(MSAVI) in 1994 that varies with the amount of vegetation present on the 
picture (Formula 11). 

MSAVI =
2NIR + 1 − √(2NIR + 1)2 − 8(NIR − R)

2
 (11) 

There are many variations of SAVI, but one of the most influential is the 
Transformed Soil Adjusted Vegetation Index (TSAVI) created by Baret et al. in 
1989 (and perfected it in 1991). It uses the parameters from the soil line (For-
mula 8) which makes it robust according to Baret. 

TSAVI =
(a(NIR − aR − b))

(R + aNIR − ab)
 (12) 

Abdou and Huete published of the usability of SAVI and especially TSAVI 
compared to NDVI as they are independent from the sensor used, and they give 
better results in differentiating vegetative cover from bare soil (Bannari et al., 
1995). 

As it has been already mentioned, one of the main problems of NDVI is its 
narrow dynamic range or small sensitivity. In 1991, Escadafal and Huete 
addressed this shortcoming by correcting NDVI (and also SAVI) with a factor 
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that correlates with soil color. This factor is the Redness Index (RI) and the VI 
used was corrected with the slope (’k’) of the linear correlation of RI and the 
given VI (Formula 12-13; Escadafal and Huete, 1991). Based on the results of 
the authors, this correction can enhance the sensitivity of NDVI and SAVI. 

RI =  
RED − GREEN

RED + GREEN
 (13) 

VIcorr = VI − kRI (14) 

When the vegetation is sparse, the VI used is greatly influenced by the soil 
parameters. However, atmospherical factors always play a remarkable role, 
and researchers started to create vegetation indices which deal with this issue 
starting from the 1990’s. One of the first and most significant was the 
Atmospherically Resistant Vegetation Index (ARVI) in 1992 by Kaufman and 
Tanré. Their explanation is that in general the atmosphere increases the 
reflectance of the red bands, and decreases it on the near-infrared channels, 
therefore they implemented a self-correcting factor for the former into the for-
mula.  

ARVI =
NIR − RB

NIR + RB
 (15) 

𝑅𝐵 = 𝑅 − 𝛾(𝑅 − 𝐵) (16) 

𝛾 =
𝜌𝑎−𝑟

𝜌𝑎−𝑏 − 𝜌𝑎−𝑟
 (17) 

RB is the corrected difference of the red and blue channel, and γ is the self-
correcting factor (ρa-b and ρa-r are components of the atmospherical reflectance 
in the blue and red channel accordingly). Of course, if γ=0, then ARVI equals 
NDVI. According to Kaufman and Tanré, if no atmospherical data is present a 
priori, than γ=1 is a good choice for better adjustments (Kaufman and Tanré, 
1992). There are many versions of ARVI, and the RB factor in its formula 
inspired a number of researchers to create new VIs with it (or to implement it 
into former ones). However, precisely defining the value of γ can be difficult, 
hence ARVI is mainly used in comparisons, and not as a main VI in researches 
(Xue and Su, 2017). 

Based on the analisation of satellite images, Pinty and Verstrate proposed a 
new vegetation index in the same year as ARVI (1992) that – according to the 
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authors – deals with atmospherical effects, and is easier to compute than ARVI. 
It is called the Global Environment Monitoring Index (GEMI), and as its name 
suggests, it is designed for global monitoring of vegetation. 

GEMI =
η(1 − 0.25η) − (RED − 0.125)

(1 − RED)
 (18) 

η =
(2(NIR2 − RED2) + 1.5NIR + 0.5RED)

NIR + RED + 0.5
 (19) 

GEMI is aimed to be more sensitive than NDVI, however many studies 
showed that (i.e.: Bannari et al., 1994) sparse vegetation can seriously alter the 
index values due to reflectance coming from soils. In spite of it, GEMI is still 
widely used today in studies that need information of vegetation on a global 
scale. 

One of the first VIs that combined the elimination of atmospherical and soil 
effects in one single vegetation index was the Transformed Soil 
Atmospherically Resistant Vegetation Index (TSARVI). As the name suggest, 
TSARVI is the combination of TSAVI and ARVI, and as such, in the formula of 
TSAVI the red channel was replaced by RB (Formula 16; according to Rondeaux 
et al, 1996). In scientific literature there is little mention of TSARVI, and Myneni 
and Asrar in 1994 showed that the combination of TSAVI and ARVI does not 
reach the same level of correction as their individual parts. 

In 1995, Liu and Huete created a vegetation index that – similarly to TSARVI 
– tries to eliminate disturbing factors coming both from soil and atmospheric 
effects. The Enhanced Vegetation Index (EVI) is so called because the aim was 
to enhance NDVI. The formula was designed with Landsat bands, but the 
authors give a generalised version of it as well (Formula 20-21). 

EVI = 2.5 ∗
(TM4 − TM3)(1 + L)

TM4 − (C1 ∗ TM3) + (C2 ∗ TM) + L
 (20) 

EVI = 2.5 ∗
NIR − RED

NIR + (C1 ∗ RED) − (C2 ∗ BLUE) + L
 (21) 

TM (Thermatic Mapper) stands for the Landsat band used, factor L is the 
same concept as in SAVI, and the two constant values (C1, C2) are 6 and 7.5 
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respectively. Unlike TSARVI, EVI has ample mention in scientific literature, and 
is still used nowadays in various studies. 

Another widely used index (created in 1996 by Gao) is the Normalised 
Difference Water Index (NDWI) that uses two infrared bands (a NIR band at 
around 840-860 nm, and an infrared band at 1630-1660 nm) in a formula very 
simliar to NDVI. 

NDWI =
NIR − IR

NIR + IR
 (22) 

It is a measure of liquid water molecules in vegetation canopy that interact 
with solar radiation, thus it indicates and enhances water content of canopy 
making the user be able to assess canopy health and – for example – stress-
levels.  

The Chlorophyll Absorption Ratio Index (CARI) has many different 
variations, but all rely on the fact that spectral response of chloropyll content 
of leaves is constant in spite of variable leaf attributes (Kim et al, 1994). In 
2000, Daughtry et al. improved CARI to Modified Chlorophyll Absorption Ratio 
Index, (MCARI) which – according to them – is more sensitive to leaf 
chlorophyll content. 

MCARI =
1.5[2.5(NIR − RED) − 1.3(NIR − GREEN)]

√(2𝑁𝐼𝑅 + 1)2 − (6𝑁𝐼𝑅 − 5𝑅𝐸𝐷) − 0.5
 (23) 

Another approach of improving the NDVI can be seen in 2004 by Gitelson. 
When the LAI (Leaf Area Index) is high, NDVI loses its accuracy due to 
diminishing NIR reflectance. Thus, he proposed a correctional factor (α) for 
NIR that correlates with LAI or VF (Vegetation Fraction) and created a new 
vegetation index, the Wide Dynamic Range Vegetation Index (WDRVI). 

WDRVI =  
αNIR − RED

αNIR + RED
 (24) 

Starting around from the year 2000, the emergence of vegetation indices 
using the other visible spectrum bands (mostly green) is apparent. Gitelson in 
1996 reasons with the fact that in prior years, researchers were only focusing 
on the difference between the red and NIR bands to identify vegetation, not on 
evolution’s choice of identification of plants, the green channel. Novel 
examples of this are GARI (or GARVI, Green Atmopherically Resistant 
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Vegetation Index developed with the subtitution of red with green channel in 
ARVI) and the Green NDVI (using a green channel instead of red one in the 
formula of NDVI). The authors claim that using the green channel (that highly 
correlates with chlorophyll content) can make these formulas at least five 
times more sensitive to existing chlorophyll in vegetation, and can make them 
have a wider dynamic range (Gitelson et al, 1996). Another example of this is 
the Visible Atmospherically Resistant Vegetation Index (VARI) by Gitelson et al 
in 2002. 

VARI =  
GREEN − RED

GREEN + RED − BLUE
 (25) 

According to the authors, the red/NIR ratio is less effective to evaluate the 
vegetation fraction when the VF is high (because NIR reflectance saturates at 
higher fractions of vegetation), in contrast the green/red ratio moves with the 
vegetation fraction in very high correlation. Besides, they realised that by 
adding a blue channel to the formula as a self-correcting factor for the 
atmosphere, they could increase the correlation of the index with VF. 

Another example of the emerge of visible vegetation indices is the usage of 
the Green Difference Vegetation Index (GDVI) which was developed in 1979 
by Tucker. It is very similar to DVI (Formula 9), however it uses a green channel 
instead of a red one. The GDVI has sparse mention prior to the publication of 
Sripada et al. (2005) who successfully created a model of optimal nitrogen 
fertilisation using the GDVI. 

GDVI (1979) is not to be confused with the GDVI (Generalised Difference 
Vegetation Index) of Wu (2014), where the latter is the improvement of NDVI 
through exponentiation.  

GDVI =  
SRn − 1

SRn + 1
=  

NIRn − REDn

NIRn + REDn
  (26) 

’n’ is an integer from 1 to n. GDVI (2014) is proven to be a lot more sensitive 
than NDVI, SAVI, WDRVI and SARVI, and has a greater range as well. 

One of the latest and most promising indices is the Visible Band-Difference 
Vegetation Index (VDVI, Wang et al., 2015). 

VDVI =  
2(GREEN − RED − BLUE)

2(GREEN + RED + BLUE)
  (27) 
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Compared to other visible light indices (NGRDI, NGBDI, RGRI]), it performs 
much better when using UAV imagery, reported accuracy is over 90% (Xue and 
Su, 2017). Thus, it holds great promise for agriculture and for – for example – 
farmers using simple, visible light unmanned aerial systems. 

SUMMARY 

According to Jackson et al. (1983), the ideal vegetation index can be described 
as an index which is ’particularly sensitive to vegetative covers, insensitive to 
soil brightness, insensitive to soil color, little affected by atmospheric effects, 
environmental effects and solar illumination geometry and sensor viewing 
conditions’. Unfortunately, the ideal one is still to be created as every above 
mentioned circumtence is different when a vegetation index is used. 

If we take a look at the timeline of VIs, the first ones created (which are very 
much used nowadays due to their simplicity, i.e.NDVI) were the staples of the 
other later vegetation indices, as they originate from plant biophysics without 
correcting with any disturbing features. Thus, these simple and mostly slope-
based (as they practically measure the slope of vegetation isolines) indices are 
still the basis of every research done in the topic. 

Starting from the 1980’s, the attention of remote sensing scientists were 
directed at the problem of soil reflectance. Thus, the soil line concept was born, 
and with it angular vegetation indices (such as the PVI). Later that decade, soil 
adjusted NDVI-based indices were also created (SAVI, MSAVI, TSAVI). 

However, there was still an untended problem, the atmospheric 
disturbances. In the 1990’s, the focus shifted, and it lead to atmospherically 
corrected indices, such as the ARVI, EVI, GEMI and other derivates. As we were 
moving towards the next millenium more complex attempts to create the 
ultimate index (soil and atmopherical corrections in one VI) were conducted, 
not reaching the perfect solution yet. 

Today, the perfection of older indices are still in work, and the emergance 
of VIs that are utlising the visible spectrum broadens the possibilities of 
creating effective vegetation indices for every user, even for those that do not 
possess multi- and hyperspectral cameras. This is supported by the fact that 
commercial cameras and drones are emerging to be more available for 
everybody. 

Also, due to the above mentioned technical advancements and ongoing 
researches, our knowledge of vegetation spectrums are widening. This led to 
various narrow bands that try to reflect core information about vegetation. 
The future of vegetation monitoring may lie in these narrow bands, thus in 
hyperspectral cameras, as data-gathering can be tailored according to the 
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types and phenological stages of plants based on prior research. However, as 
already stated above, usage of broader bands means a higher range of 
interpretation as well.  
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