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KEYWORDS Abstract Quantitative estimation of canopy biophysical variables are very important in different
Vegetation cover fraction; studies such as meteorology, agriculture and ecology, so knowledge of the spatial and temporal dis-
Remote sensing; tribution of these variables would be highly beneficial. Meanwhile, remote sensing is known as an
LISS III; important source of information to estimate fractional vegetation cover in large areas. Today spec-
Vegetation indices tral indices have been very popular in the remote sensing of vegetation features. But often reflec-

tions of soil and rocks are much more than reflections of sparse vegetation in these areas, that
makes separation of plant signals difficult. So in this study measured fractional vegetation cover
of a desert area were evaluated with 20 vegetation indices in five different categories as the most
appropriate category, or indicator for desert vegetation to be identified. The five categories were
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including: (1) conventional ratio and differential indices such as NDVI; (2) indices corrected and
derived from the traditional indicators such as NDVIc and GNDVI; (3) soil reflectance adjusted
indices such as SAVI; (4) triangle indices based on three discreet bands in their equation (Green,
Red and NIR) like TVI; and (5) non-conventional ratio and differential indices such as CI. Accord-
ing to the results of this research, DVI index with 0.668 the coefficient of determination (R?) showed
the best fractional vegetation cover estimation. But according to the sparse vegetation in desert
areas and the results of this research it seems none of these indicators alone can accurately estimate
the percentage of vegetation cover, however, to do a proper estimation it is possible to enter data of
these indices in a multivariate regression model. Using this method enabled us to increase the coef-
ficient of determination of fractional vegetation cover estimation model up to 0.797.

© 2011 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

Vegetation cover has important affects on energy interchange
near the surface and the percentage of vegetation cover is con-
sidered as a suitable criterion to identify land degradation and
desertification in arid and semiarid regions and its measure-
ments can be used to study these processes (Xiao and Moody,
2005). Also, quantitative estimation of canopy biophysical
variables, especially the vegetation cover fraction, is very
important in different studies such as meteorology, agriculture
and ecology, so knowledge of the spatial and temporal distri-
bution of these variables would be highly beneficial (Lawrence
and Ripple, 1998; Houborg et al., 2007). Remote sensing is an
important data source to estimate the vegetation cover fraction
in wide areas (Xiao and Moody, 2005) and satellite based indi-
ces have been used in many researches to estimate vegetation
cover (Gilabert et al., 2002; Kallel et al., 2007; Jiang et al.,
2008). By using these indices, many vegetation parameters
such as leaf area, biomass and physiological activities can be
evaluated (Baret and Guyot, 1991; Verrelst et al., 2008). Spec-
tral vegetation indices that are based on red and near infrared
reflections have the high correlation with leaf area index and
canopy cover (Broge and Leblanc, 2000). However, in sparse
vegetated areas, the reflection of soil and sand are much higher
than reflection of vegetation and so detection of vegetation
cover reflection is difficult. Therefore, soil reflectance adjusted
indices such as Soil Adjusted Vegetation Indices (SAVI), Opti-
mized Soil Adjusted Vegetation Indices (OSAVI) and Modi-
fied Soil Adjusted Vegetation Indices (MSAVI) had been
developed in the passed (Karnieli et al., 2001; Gilabert et al.,
2002; Shupe and Marsh, 2004). In this research, by using 20
different vegetation cover indices that are comprised of variety
of different indices such as simple difference indices (e.g. DVI),
simple ratio indices (e.g. SR), normalized difference indices
(e.g. NDVI), soil adjusted indices (e.g. SAVI) and triangular
indices (e.g. MTVI) the vegetation cover fraction has been esti-
mated and their accuracies have been compared.

2. The study area

The study area comprises of a region with 22,118 hectare that
located at the center of Iran near the Esfahan city (Fig. 1).
Based on Bagnouls and Gaussen climate classification system
(Bagnouls and Gaussen, 1957), the local area has desert cli-
mate and according to Emberger climate classification system
(Emberger, 1955), it has cold-dry climate. The area has the
maximum monthly mean temperature 46 °C in July and mini-

mum monthly mean temperature —13 °C in January and
means annual temperature is 19 °C.

Bulk of the study area have formed of rangelands, and in
some scattered areas as close to rivers and seasonal water-
course, the farms are located (Fig. 2). White wormwood
(Artemisia herba-alba) is dominant species and in many parts
of study area it is only existing species. In some places other
species such as Sagebrush (Artemisia aucheri), Boiss (Scariola
orientalis), Syrian Rue (Peganum harmala), Pteropyrum aucheri,
salt cedar (Tamarix spp.), Acanthophyllumspp., Forssk (Lounaea
spinosa) are also observed.

3. Satellite data

The image of IRS-LISSIII has been used in this research. The
satellite image was georeferenced by using the 50 ground con-
trol points. The Root Mean Square Error (RMSe) of 0.248
pixels has been obtained.

4. Ground data

Ground measurement of vegetation cover fraction was started
on June-3-2010. The sampling sites are square areas with 36 m
length to cover the pixel size of the image data. The study area
has been visited to determine all the vegetation types. White
wormwood (Artemisia herba-alba) was dominant species in
most of study area. The positions of sampling sites have been
chosen such that they composed of all the vegetation types.
Totally 40 sites have been sampled (Fig. 3). In order to mea-
sure the vegetation cover fraction, some parallel transects with
six meter separation distance have been used (Fig. 4). In each
transect, the positions that canopy has contact with transect
has been recorded and also the length of the contacts have
been measured. Then, the mean percent of the contacts length
to the total length of transect has been considered as vegeta-
tion cover fraction of that sampling site. In each corresponding
pixels, the values of green, red, near infrared and short wave
infrared bands have been recorded.

5. Methodology

In this research, five different class of vegetation index have
been studied: (1) conventional ratio and differential indices
such as Simple Ratio Index (SR), NDVI, DVI and Infrared
Percentage Vegetation Index (IPVI); (2) corrected and modi-
fied conventional indices such as Corrected Simple Ratio Index
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Figure 2 The satellite image of the study area.

(SRc), Modified Simple Ratio Index (MSR), NDVIc, GNDVI,
Ratio Difference Vegetation Index (RDVI) and Non-Linear
Index (NLI); (3) soil reflectance adjusted indices such as SAVI,
Optimized Soil Adjusted Vegetation Index (OSAVI) and Mod-
ified Soil Adjusted Vegetation Index (MSAVI); (4) triangular
indices that are based on green, red and infrared bands such

as TVI, Modified Triangulation Vegetation Index-1 (MTVI1)
and MTVI2; and (5) non-conventional ratio and differential
indices such as Normalized Difference Infrared Index (NDII),
Specific Leaf Area Vegetation Index (SLAVI), CI and Normal-
ized Canopy Index (NCI). All these indices have been intro-
duces in Table 1.
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Figure 3 The locations of the sampling sites in the study area.

In Table 1, Rswir, Rnir, Rrep and Rgregn are spectral
reflectance in shortwave infrared, near infrared, red and green
bands, respectively. Also min and max are minimum and max-
imum reflectance or digital number on the corresponding spec-
tral range. For all the 40 sampling sites, all the introduced
indices and also their correlations with vegetation cover frac-
tion have been estimated.

6. Results

The correlation between vegetation indices and vegetation cov-
er fraction has been assessed for all the five vegetation classes.

6.1. Conventional ratio and differential indices

The results obtained from all the indices have been shown in
Table 2. Regards to Table 2, the correlation between vegeta-

Transect

6 m

Figure 4 The sampling site and the transects.

tion cover and conventional ratio and difference indices are
more than its correlation with other indices. Also DVI index
has the highest correlation coefficient between all the indices.
Absorption of electromagnetic waves in the red region by chlo-
rophyll and its high reflectance in the near infrared region are
the reasons of this high correlation coefficient in this class of
indices (Tucker, 1980). Although NDVI has been used in many
studies, but in high vegetation cover, this index is saturated
and also its relation with biophysical vegetation is not linear
(Haboudane et al., 2004; Vescovo and Gianelle, 2008; Jiang
et al., 2008; Baret and Guyot, 1991; Gitelson, 2004). Due to

Table 1 The used indices.
Name Equation References
SR or RVI SR = % Jordan (1969)
SRC SRC = SR(I — ((RSWIR — RSWIRmin)/(RSV»l'llz{max — RSWIRmin)) Brown et al. (2000)
MSR MSR = (Rnir/Rrep — 1)/((Rair/Rrep) /2 + 1) Chen (1996)
DVI DVI = RNIR — RRED Tucker (1980)
NDVI NDVI = {MR_R8iD Rouse et al. (1973)
NDVIc NDVIc = NDV](] — (RSWIR — RSW]Rmin)/(RSWIRmaX — RSWIRmin)) Nemani et al. (1993)
GNDVI GNDVI = Rur—Roceer Gitelson et al. (1996)
NIR +RGreen
RDVI RDVI = j]gm%—’jgﬁi Rougean and Breon (1995)
IPVI IPVI = - Ruir Crippen (1990)
RRrED+RNIR

_ (I+L)(Rnir—Ri
SAVI SAVI = % Huete (1988)
OSAVI OSAVI = pRun—Remn) Rondeaux et al. (1996) and Steven (1998)
MSAVI MSAVI = 1/22Rnir + 1 — /2Rnir + 1) — 8(Rnir — RreD)] Qi et al. (1994)
NLI NLI = (R%;z — Rrep)/(R¥;r + RreD) Goel and Quin (1994)
TVI TVI = OS[IZO(RNIR — RGREEN) — 200(RRED — RGREEN)] Broge and Leblanc (2000)

MTVII1 or MCARI1
MTVI2 or MCARI2

NDII or NDWI

MTVI1 = 12[12(RNIR — RGREEN) = 2'5(RRED _ RGREEN)]

MTVI2 = L.5[1.2(Rnir —RGREEN) —2.5(RRED — RGREEN )]
\/(ZRNIR+1)2*(6RN|R—SM)70_5

NDII = Bxr—Rswir

RNIR +Rswir

SLAVI SLAVI = Rnir/(RreD + Rswir)
cl CI = Rswir — RGREEN
NCI NCIT — Rswi—Rgeex

Rswir +RGREEN

Haboudane et al. (2004)
Haboudane et al. (2004)

Hardisky et al. (1983)

Lymburner et al. (2000)
Vescovo and Gianelle (2008)

Vescovo and Gianelle (2008)
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Table 2 Correlation coefficient between vegetation indices and vegetation cover fraction.

Vegetation index SAVI MSR IPVI RDVI DVI GNDVI NDVIc NDVI  SRc SR
Correlation 0.720™ 0723 07197  0.798"" 08177  0.570"" 0.674™ 07197  0.765" 0.727"
Coefficient 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Significant level number 40 40 40 40 40 40 40 40 40 40
Vegetation index NCI CI SLAVI  NDII MTVI2  MTVI1 TVI NLI MSAVI  OSAVI
Correlation 0.195 0.170 0.699  0.503""  0.555" 0426 0.588"  0.345" 0.710"" 0.719""
Coefficient 0.229 0.295 0.000 0.001 0.000 0.006 0.000 0.029 0.000 0.000
Significant level number 40 40 40 40 40 40 40 40 40 40

Note: The significance level of 0.000 indicates that we can reject the null hypothesis that X (independent variable) does not predict Y (dependent

variable).
* Correlation is significant at the 0.05 level (two-tailed).
™ Correlation is significant at the 0.01 level (two-tailed).

Table 3 Relationship between NDVI and RDVI indices and different curve estimation methods.

Method NDVI RDVI
R? df F Significant level R’ df F Significant level

Linear 0.517 38 40.7 0.000 0.637 38 66.58 0.000
Inverse 0.524 38 41.85 0.000 0.591 38 55.00 0.000
Quadratic 0.553 37 22.92 0.000 0.659 37 35.70 0.000
Cubic 0.558 36 15.12 0.000 0.663 36 23.57 0.000
Compound 0.399 38 25.19 0.000 0.505 38 38.73 0.000
S 0.281 38 14.85 0.000 0.337 38 19.31 0.000
Growth 0.399 38 25.19 0.000 0.505 38 38.73 0.000
Exponential 0.399 38 25.19 0.000 0.505 38 38.73 0.000

low vegetation cover in the study area, this index is not satu-
rated. As is shown in Table 3, many linear and nonlinear rela-
tions between NDVI and vegetation cover fraction have been
assessed. Similar to results obtained by Haboudane et al.
(2004), the most correlation coefficient is obtained by nonlin-
ear relations. Also, the results show that by normalization of
DVI index and developing NDVI index, the correlation coeffi-
cient is reduced from 0.817 to 0.719. Regards to Table 2, the
correlation coefficient of SR index is more than NDVI index.

6.2. Corrected and modified conventional indices

Regards to nonlinear relation between vegetation cover frac-
tion and NDVI, two new indices of RDVI (Rougean and
Breon, 1995) and MSR (Chen, 1996) have been proposed
based on linearization of the relation between vegetation cover
fraction and vegetation indices. Although MSR index is more
sensitive to vegetation cover fraction, but regards to Table 2,
the sensitivity of MSR index is lower than its derivative index
(SR). Regards to Table 3, the correlation of determinations be-
tween MSR and vegetation cover fraction are 0.517, 0.553 and
0.558 for linear, quadratic and cubic relations, respectively.
RDVI index that was developed based on modification of
NDVI has the highest correlation coefficient in this class.
The correlation of determinations between RDVI and vegeta-
tion cover fraction are 0.637, 0.659 and 0.663 for linear, qua-
dratic and cubic relations, respectively. However, as
Rougean and Breon (1995) notified, the results show that the
relation between RDVI index and vegetation cover fraction
is more linear than the relation between MSR and vegetation

cover fraction. NDVIc and GNDVI indices that are based
on modifications of NDVI, have lower correlation of determi-
nations than NDVI and it seems that using green band in the
sparse vegetated areas decrease the sensitivity of vegetation in-
dex to vegetation cover fraction variations. In this class, NLI
index has the least correlation of coefficient. Regards to low
vegetation cover in the study area and so high reflectance of
soil in the near infrared range (Fig. 5), by squaring the near
infrared reflectance, the sensitivity of NLI index to vegetation
cover fraction variations has been reduced.

Potential spectral bands
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Figure 5 Reflection amounts in different spectral bands (Elachi

and VanZyl, 2006).
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6.3. Soil reflectance adjusted indices

In order to reduce the effects of background, Huete (1988) pro-
posed the SAVI index. In the equation of this index (Table 1),
L is a function of vegetation cover density. In this research,
average of vegetation cover fraction in all sampling sites has
been used to estimate L parameter and L = 0.86853 has been
obtained. As is shown in Table 2, the correlation of coefficients
of NDVI and SAVI are nearly the same. L = 0.5 has been
considered by Huete (1988) as optimum value of L, but the
correlation coefficient was not improve sensibly. It is because
by using an unique L value for all the sites, the results will
not improve (Huete, 1988). The same result has been obtained
by using OSAVI and the correlation coefficient of NDVI,
SAVI and OSAVI are nearly similar. Therefore, previous
knowledge of vegetation cover is necessary to determine accu-
rate L (Huete, 1988). To solve this problem, Qi et al., 1994 pro-
posed MSAVI index. However, the results of this research
show that correlation coefficient obtained from MSAVI index
is lower than correlation coefficient of SAVI index. Generally,
as Lawrence and Ripple (1998) were shown, none of these indi-
ces are more accurate than NDVI for estimation of vegetation
cover fraction in sparse vegetated areas. In their studies, the
correlation of determinations obtained from SAVI, OSAVI
and MSAVI were 0.55, 0.59 and 0.55, respectively. However,
the correlation of determination they were obtained by using
NDVI was 0.62. Also, in the study had done by Baugh and
Groeneveld (2006), it was shown that SAVI and MSAVI indi-
ces had inaccurate correlation of determinations of 0.4306 and
0.4446 with antecedent precipitation.

6.4. Triangular indices

The interesting result obtained in this research is that the accu-
racy decrease sensibly by using indices that are based on green
band. This can be seen in the results obtained by GNDVI,
TVI, MTVI1 and MTVI2. The last three mentioned triangular
indices had been recommended for hyperspectral sensors
(Haboudane et al., 2004) and maybe it is necessary to custom-
ize them when multispectral sensors are used.

6.5. Non-conventional ratio and differential indices

CI and NCI indices had been proposed to linearism the rela-
tion between vegetation biophysical parameters and vegetation
indices (Vescovo and Gianelle, 2008). Regards to Table 2,
these two indices are the least accurate indices. In their equa-
tions, near infrared and green bands are replaced by short
wave infrared and red bands, respectively. Therefore, by using
green band, the accuracy reduces. NDII index had been pro-
posed to estimate vegetation water content (Hardisky et al.,
1983). This index is based on NDVI modification and red band
is replaced by short wave infrared. However, due to low water
content of vegetation in the study area, the accuracy obtained
from this index is not high. SLAVI index had been proposed to
estimate specific leaf area (Lymburner et al., 2000). This index
is based on short wave infrared band and it is the only index in
this class of indices that its correlation coefficient is near the
correlation coefficient obtained by using NDVI. Generally,
by using short wave infrared band, the accuracy of determin-
ing vegetation cover fraction is reduced.

In order to improve the confidence of geometric correction,
the accuracy assessment has been repeated by using adjacent
pixels of the central pixel. The correlation coefficients between
RDVI and DVI indices of these pixels and vegetation cover
fraction are shown in Tables 4 and 5.

The results show that for both of the two indices,
the correlation of coefficients of central pixels are more than
the correlation of coefficients of adjacent pixels. This shows
that the geometric correction of the image is accurate.

7. Discussion

In this research, the relations between 20 vegetation indices
and vegetation cover fraction have been assessed. DVI and
RDVI have the most sensitivity to vegetation cover fraction
variation. Although according to results of some studies (Carl-
son and Riziley, 1997) NDVI is a proper index to estimate veg-
etation cover fraction, but the relation between this index and
vegetation cover fraction is nonlinear (Haboudane et al., 2004)
and also this index is not accurate in shrub lands and

Table 4 Correlation coefficient between DVI and vegetation cover fraction in the adjacent pixels.

West pixel East pixel South pixel North pixel Central pixel DVI Index

0.687"" 0.765"" 0.789"" 0.666"" 0.817" Correlation Vegetation cover fraction
0.000 0.000 0.000 0.000 0.000 Coefficient

40 40 40 40 40 Significant level number

** Correlation is significant at the 0.01 level (two-tailed).

Table 5 Correlation coefficient between RDVI and vegetation cover fraction in the adjacent pixels.

West pixel East pixel South pixel North pixel Central pixel RDVI Index

0.749" 0.754™" 0.775™ 0.719" 0.798™" Correlation Vegetation cover fraction
0.000 0.000 0.000 0.000 0.000 Coefficient

40 40 40 40 40 Significant level number

** Correlation is significant at the 0.01 level (two-tailed).
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Table 6 The regression models and their statistics.

Std. error of the estimate Adjusted R square R square R Model
3.78439 0.735 0.797 0.892% 1
3.72287 0.744 0.797 0.892° 2
3.76740 0.738 0.785 0.886° 3
3.80874 0.732 0.773 0.879¢ 4
3.87329 0.723 0.758 0.871° 5

# Predictors: (Constant), NCI, SRc, MTVII, NLI, NDII, DVI, SR, MTVI2, CI.
b Predictors: (Constant), NCI, SRc, MTVI1, NLI, NDII, DVI, SR, MTVI2.

¢ Predictors: (Constant), NCI, SRc, MTVII1, NLI, NDII, DVI, SR.

4 Predictors: (Constant), NCI, SRc, MTVI1, NLI, NDII, DVI.
¢ Predictors: (Constant), NCI, SRc, MTVI1, NLI, NDII.

grasslands (Montandon and Small, 2008). Elmore et al. (2000)
have reported that “‘the correlation between the vegetation
cover area and NDVI index is 67% in semi-arid regions”
and linear correlation of vegetation and NDVI index is 72%
in our study area.

So regards to the coefficient of determination between
NDVI and the vegetation cover fraction obtained in this re-
search (0.517) it seems that NDVI is not a proper index to
use in dry areas.

In the first class of indices, the accuracies of SR, NDVI and
IPVI were very similar. Another point is that the indices that
are based on green indices such as GNDVI, TVI, MTVII,
MTVI2, CI and NCI have the least accuracies. However, this
result is not consistent with the results obtained by Baret and
Guyot (1991) and Haboudane et al. (2004), but it is similar to
results of some studies were done in arid areas (Khajeddin,
1995).

Also the results show that by replacing near infrared by
shortwave infrared in the indices, the accuracies decrease as
CI and NCI indices have the least accuracies.

Moreover, it was shown that soil adjusted indices such as
SAVI, OSAVI and MSAVI have similar accuracies as NDVI,
it is opposite to results of some other studies (Rondeaux et al.,
1996; Huete, 1988).

Although, DVI and RDVI are the most accurate indices to
determine vegetation cover fraction but their accuracies are
not proper in dry and sparse vegetated areas. Therefore, mul-
tivariable linear regression models have been developed to use
the effective information of different indices. The regression
models and their accuracies are shown in Tables 6. Regards
to Table 6, the coefficient of determination of the first and sec-
ond models are 0.797 that is much better than the coefficient of
determination of DVI index.

8. Conclusion

In this research, the relations between 20 vegetation indices
and vegetation cover fraction have been assessed. DVI and
RDVI have the most sensitivity to vegetation cover fraction
variation.

Although, the indices do not have the good coefficient of
determination separately, but after combining them in a mul-
tivariable mode, it is so interesting that the accuracy improve
significantly. So, the developed integrated model is recom-
mended to use in dry regions for vegetation cover fraction esti-
mation. Moreover, by using vegetation indices that are based
on green band in dry regions, the accuracies decrease and it

is necessary to be careful for using such indices when climate
of the study area is dry.
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