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SUMMARY

Operational monitoring of vegetative cover by remote sensing currently involves the utilisation of
vegetation indices. Vegetation indices are widely used for assessing and monitoring ecological
variables such as vegetation cover, above-ground biomass and leaf area index. This study reviewed and
evaluated different vegetation indices for estimating vegetation cover in rangelands in Center of Iran.
All vegetation indices were calculated from ASTER (Advanced Spaceborn Thermal Emission and
Reflection Radiometer) image data and compared with vegetation cover estimates at monitoring points
made during field assessments. Relationships between various vegetation indices and vegetation cover
were compared using simple linear regression. NDVI vegetation index evaluated, using high infrared
and low red ASTER bands, consistently showed significant relationships with vegetation cover.
Estimation of vegetation cover whit NDVI vegetation index was more accurate and total perennial and
ephemeral plant cover was best predicted within rangeland systems. These results provide a strong
foundation for use of vegetation indices as an adjunct to field methods for assessing vegetation cover in
northern Center Iran.

5C — Advanced Technology for Cadastre and Land Management 1/18
Operational Monitoring of Vegetative Cover by Remote Sensing in Semi-arid Lands of Iran
Fazel Amiri and Tayebeh Tabatabaie, Iran

7™ FIG Regional Conference
Spatial Data Serving People: Land Governance and the Environment — Building the Capacity
Hanoi, Vietnam, 19-22 October 2009



Operational Monitoring of Vegetative Cover by Remote Sensing in Semi-arid
Lands of Iran

Fazel Amiri and Tayebeh Tabatabaie, Iran

INTRODUCTION

One of the influential tools in the study field of pasture and vegetation cover science is technology of
remote sensing and satellite data. Satellite data have essential role in preparing needed information for
vegetation cover studying. Vegetation cover has been widely recognised as one of the best indicators
for determining land condition (Booth and Tueller 2003; Bastin and Ludwig 2006; Wallace et al. 2006;
Jafari et al. 2007). Consequently, land condition is often assessed and monitored according to
vegetation cover and its variations in time and space. This cover is, therefore, often used as an indicator
in the remote sensing of land condition. Remote sensing has developed as a powerful tool in
environmental studies (O7stir et al. 2003) because it can provide calibrated, objective, repeatable and
cost effective information for large areas and it can be empirically related to field data collected by
traditional means (Graetz 1987; Tueller 1987; Pickup 1989). One of the most common applications of
remote sensing is vegetation monitoring and assessment via vegetation indices which combine
reflectance measurements from the bands of sensing instruments (Pickup et al. 1993; Bannari et al.
1995; Purevdorj et al. 1998; Thiam and Eastman 2001).

Vegetation indices derived from satellite data are one of the primary sources of information for
operational monitoring of the Earth’s vegetative cover (Gilabert et al. 2002). However, most of the
widely used vegetation indices are inappropriate in arid and semi-arid environments of Iran where
annual and perennial vegetation dominates. These plants often lack the contrast between red and
infrared reflectance upon which the common vegetation spectral indices are based, making them
difficult to distinguish from red-colored soils. Several alternative multi spectral indices that place less
emphasis on vegetation infrared response are more appropriate and have been widely used in arid and
semi-arid rangelands (Foran and Pickup 1984; Pickup and Nelson 1984; Pickup and Foran 1987;
Pickup et al. 1993; McGregor and Lewis 1996; O’Neill 1996). Approximately, all of the rangelands
were grazed by domestic livestock in center part of Iran. The administration of these lands is governed
by the Natural Resources Institute (NRI) which aims to ensure sustainable utilisation and resource
maintenance and which also provides for effective monitoring of the condition of the lands.

Objective

The aim of this study was to evaluate the suitability of vegetation indices derived from Aster imagery
as an adjunct to field methods for assessing and monitoring vegetation cover, and consequently
vegetation cover map of Gharah Aghach region, in the center rangelands of Iran. Specifically, we
aimed to identify the most suitable image indices for recording vegetation cover in this area, to
determine the scales at which they may be applied, and the components of vegetation cover that they
best predict for vegetation cover map. Our approach was to determine the relationships between a range
of widely used spectral indices and vegetation cover as measured, with the intention to produce image
maps that more fully document spatial and temporal variation in vegetation cover.
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Vegetation indices

Vegetation indices (VI) derived from satellite data are one of the primary sources of information for
operational monitoring of the Earth’s vegetative cover. Vegetation indices combine reflectance
measurements from different portions of the electromagnetic spectrum to provide information about
vegetation cover on the ground (Campbell 1996). These VI are radiometric measures of the spatial and
temporal patterns of vegetation photosynthetic activity that are related to canopy biophysical variables
such as leaf area index (LAI), fractional vegetation cover, biomass, etc. (Asrar, Kanemasu & Yoshida
1985; Baret & Guyot 1991; Gilabert et al. 1996; Richardson et al. 1992). Perry and Lautenschlager
(1984) compared 20 VI and found most of them to be functional equivalent. Most of VI is called
broadband because they are based on algebraic combinations of reflectance in the red, R, and that in the
near infrared, NIR, spectral bands (Bannari et al. 1995; Baret 1995; Elvidge & Chen 1995; LePrieur et
al. 1994). This strong contrast between red and near-infrared reflectance has formed the basis of many
different vegetation indices. When applied to multispectral remote sensing images, these indices
involve numeric combinations of the sensor bands that record land surface reflectance at various
wavelengths. Pearson and Miller (1972) first presented the near infrared/red ratio for separating green
vegetation from soil background. Since then, numerous vegetation indices have been proposed,
modified, analysed, compared and classified (Huete 1988; Qi et al. 1994; Bannari et al. 1995).
Definitions of the indices are provided in Table 1. Some of this vegetation index is simple arithmetic
combinations of reflectance measurements, contrasting the high infrared and low red reflectance that
characterises photosynthetic vegetation. This contrast has been widely used to generate several
vegetation indices such as the simple vegetation index (SVI) (Pearson and Miller 1972), normalised
difference vegetation index (NDVI) (Rouse et al. 1974), and soil adjusted vegetation index (SAVI-
1,3,4) (Pearson and Miller 1972). Masoud and Koike (2006) in order to prepare the vegetation cover
map of the area and with attention to desert situation of area, used SAVI indicator to reduce the
afterward influence of soil and they considered soil coefficient 0.5. The NDVI has been widely used in
many applications including regional and continental-scale monitoring of vegetation cover (Satterwhite
and Henley 1987; Foran and Pearce 1990; Myneni et al. 1997; Wang et al. 2004; Wessels et al. 2004).
Others vegetation indices consists of distance-based. These indices have been designed to remove the
influence of soil brightness in sparsely vegetated areas; they are more effective at discriminating
vegetation from bright soils when the two are mixed within the sensor field of view. These indices take
advantage of the fact that most soil-dominated pixels fall along a line in a red/near-infrared bi-spectral
plot, with vegetation increasing with distance perpendicular to this line. The soil line can influenced by
surface roughness, moisture, texture and colour (Huete et al. 1984; Baret et al. 1993). The
perpendicular vegetation index (PVI) (Richardson and Wiegand 1977) was the first of this type of
index. The PD311, PD312 and PD322, which has been used with considerable success in Australian
perennial-dominated arid vegetation, also fall within this group (Pickup et al. 1993). The slope-based
and distance-based vegetation indices generally use two spectral bands, most usually red and infrared.
Orthogonal transformation vegetation indices use multiple spectral bands to derive a new set of image
components that are uncorrelated with one another and ordered with respect to the amount of scene
variation they capture from the original band set (Kauth and Thomas 1976; Fung and LeDrew 1987).
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Table 1. Vegetation indices compared in this study

Acronym Author Formula Aster bands *
NDVI Rouse et al. (1974) (NIR-R)/(NIR+R) (3-2)/(3+2)
BI Kauth and Thomas (1976)  BG+GH+RNIR+MIR+ SWIR ‘M1 bands except thermals bands
(10,11,12,13,14)
GVI  Kauth and Thomas (1976)  BG-G-R+NIR+MIR-SWIR I ba“‘zsl gﬁcle%ﬂllgng;ls bands
IPVI Boyd et al. (1996) [(NIR-R)/(NIR+R)]+1/2 (NDVI+1)/2
IR1 Boyd et al. (1996) (NIR-MIR)/(NIR+MIR) (3-4) / (3+4)
IR2 Boyd et al. (1996) (NIR-SWIR)/( NIR+SWIR) (3-7)/ (3+7)
MIR Boyd et al. (1996) MIR/SWIR 4/7
MND Boyd et al. (1996) [NIR-(1.2*R)/(NIR+R)] [3-(1.2 x 2)/ (3+2)]
MSVI-1 Thenkabail et al. (1994) NIR/MIR 3/4
MSVI-2 Thenkabail et al. (1994) NIR/SWIR 377
SVI Pearson and Miller (1972) NIR/ R 32
PD311 Pickup et al. (1993) R-1 2-1
PD312 Pickup et al. (1993) (R-1)/(R+1) (2-1)/ (2+1)
PD322 Pickup et al. (1993) (R-G)/(R+G) (2-D)/@2+1)
PVI Rwhardsoa ;‘;‘%Wlegand’ (SWIR-NIR)/ (SWIR+NIR) (7-3)/(7+3)
PVI-1 Qi etal. (1994) (B.NIR-RED)+ o/ (/1+b%) (B.3-2)+ o/ (W1+b%)
AXNIR-B XR,
where A is the
PVI-3 Qietal. (1994) intercept of soil AX3-BX2
line and B is the
slope of soil line
RA Boyd et al. (1996) NIR/(R+MIR) 3/ (2+4)
RATIO Boyd et al. (1996) NIR/R 32
SAVI-1  Pearson and Miller (1972) (MIR X R)/NIR 4X2)/3
SAVI-3 Pearson and Miller (1972) NIR/(R+MIR) 3/(2+4)
SAVI-4  Pearson and Miller (1972) MIR/(NIR+MIR) 4/ (3+4)
TVI Boyd et al. (1996) (NIR-R)/(NIR+R)+0.5 (3-2) / (3+2)+0.5
Wil Qi et al. (1994) (G+R+NIR)-MIR-SWIR (14243) -4 -7
VNIR1 Qi et al. (1994) (NIR-1)/(NIR+1) (3-1)/(3+1)
VNIR2 Qi et al. (1994) (NIR-2)/(NIR+2) (3-2)/(3+2)

* Band 7 Aster agreement by this formula: Band 7= [1/4 bands (5+6+7+8)] (Pavelka and Svatuskova 2006)

The first component usually represents brightness, often related to soil exposure, and the second
component often represents variation in green vegetation cover. These vegetation indices, has been
used in numerous environmental studies for vegetation mapping and monitoring land cover changes
(Byrne et al. 1980; Ingebritsen and Lyon 1985; Dymond et al. 2002; Price et al. 2002; Jin and Sader
2005). The tasselled cap transformation is the best-known of these indices (Kauth and Thomas 1976):
its two first components are the soil brightness index (BI) and the green vegetation index (GVI). The
index, based on the contrast between red and green reflectance, was shown to double the sensitivity of
vegetation indices, especially in sparsely vegetated areas. The others vegetation indices that include
mid and short-wave infrared regions of the electromagnetic spectrum, on the basis that vegetation has
lower reflectance than soil in these regions, a contrast that may assist their discrimination (Kimes et al.
1981; Dusek et al. 1985; Baret et al. 1988; Thenkabail et al. 1994). Since it is water content that largely
determines plant reflectance in the near infrared, mid and shortwave infrared regions, these have been
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called plant—water sensitive vegetation indices. Thenkabail et al. (1994) proposed six different plant—
water sensitive vegetation indices using Aster mid-infrared and shortwave-infrared bands, including the
mid-infrared vegetation index (MSVI 1 and 2). They found that these indices were as good or better
predictors of yield, leaf area index, wet biomass, dry biomass, and plant height than slope-based
vegetation indices in corn and soybean fields. Most of the widely used vegetation indices such as
NDVI, MND, SAI, PVI-1, PVI-3, RATIO and TVI, that use red and NIR regions in arid and semi-arid
lands (Rouse et al. 1974; Boyd et al. 1996; Pearson and Miller 1972; Qi et al. 1994). There more
vegetation indices which are studied IPVI, IR1, IR2, MIR, RA, WI, VNIRI1, VNIR2 etc. These
vegetation indexes are the ratio vegetation index which has been used already for many years. They are
widely used expressing ratio between two band values where highest values are those with green and
sound vegetation (Pavelka and Halounova 2005).

MATERIALS AND METHODS
Study area

The study area was located in the Ghareh Aghach watershed in the center rangelands of Iran (Fig. 1).
The region lies within latitudes 3130 28" and 3126 19" N and within longitudes 51" 45 53" and 51" 34
54" E, covering an area of 8962.25 hectares. The climate in this area includes hot summers and cold—
mild winters. Rainfall is highly variable from year-to-year, with average annual totals ranging and
Long term mean temperature are 358 and 10.5 degrees Celsius which classifies the site in semi-arid
climatic conditions according to Ambergie (Q= 40.7) and Demartin (Ia=17.4) categories. There are
about 17 different vegetation types and four major landscapes of mountainous lands, hilly lands,
plateau and gravel lands consisting of nine minor land units. The study areas are primarily managed for
sheep and goat grazing for wool and meat production (Fazel amiri 2008). We analysed the relationships
between vegetation cover and satellite image indices by an Aster scene.

ﬁ Aster scene

Semirom

. * Monitoring sﬂes\j

N — ——
0 50 km

Fig. 1. Location of study area within the Ghareh Aghach District.
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Field data

The vegetation cover data used in this study were collected in frequent field visits at all vegetation type in 2008-
09: The data were recorded in May and July 2008 and between May and July 2009. Rainfall in the study area
was around average during these years (358.06 mm recorded at Semirom station in 2008 and 2009). Monthly
rainfall during and immediately preceding the data collection periods was generally low, with some localised
falls during January and May 2008 (Fig. 2).
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Fig. 2. Monthly average rainfall of 2008 and 2009 recorded at Semirom station within the study area.

Field survey was operated with the following details (Fig. 3).
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Fig. 3. The process method of field survey
Satellite data

A full scene of Aster imagery from 15 May 2008 was acquired. The dry summer image minimised the
contribution of green ephemeral vegetation, maximised solar irradiance and land surface reflectance
and also excluded cloud cover from the scene. In addition, the Digital Elevation Model (DEM) 1:25000
of the site was used.

Pre-processing Stage

Geometric correction was done on the data with suitable accuracy and average squares error of lees
than 0.8 pixels. In this manner that the most up-dated image was related to topography map of 1:25000
with RMSe, 0.5 pixels and with the use of 30 control spots with suitable dispersion, then ASTER
image with the use of 20 joint spots were recorded. With attention to being mountainous of a part of
site, the correction of the topography was done with usage of site’s DEM and images information. By
employing the re-sampled method in this study, the 30-meter bands of 4, 5, 6, 7 and 8 were transformed
into 15-meter bands.
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Preparing the percentage map of the vegetation cover

In order to preparing the percentage map of the vegetation cover, with the use of existing satellite
images, vegetation indicators of Table 1 were prepared. In order to analyze the amount of vegetation
cover percentage, the data field in each vegetation type was collected by stratified random sampling
method. In each sampling unit, 10 plots were located randomly on perimeter of a supposed circle with
about 20 meter radius and then percentage vegetation cover has been estimated on each plot. The
average of 10 estimated cover has been considered for each sampling unit. Then, each DN of plots with
vegetation indicators, assimilation of simple linear regression was done between plots cover as
dependent (Y) variable and same quantities of each plot in vegetation indicator as independent variable
(Xi). As a result, strong relationships between vegetation cover and vegetation indices means that
image indices have a capability for vegetation cover assessment. Among vegetation indicators, NDVI
indicator has the most quantity of percentage map of cover index. So, in order to preparing percentage
map of vegetation cover, this indicator was used. Then this equation was then applied to the desired to
the desired images in the ERDS software. It is evident that the output resulting from it is a map
expressive of the percentage of plant cover in different points. In the next stage, with regard to the plant
cover of the region and by the use of re-classification technique, this image was divided into different
levels.

Study of the validity of the produced map

The map was checked against the ground data to study its validity. For this purpose, during the visits
from the region at the data of receiving satellite data, the validity of the region cover map was
determined and with regard to the data from 35 control points, the general validity and Capa factor for
this map was calculated.

RESULTS

The regression relationships between fields cover data and vegetation indices at landscape scale, across
the Aster scene, are given in Table 2. At this scale, an study area, only NDVI vegetation indices was
significantly correlated with field cover data, the strongest relationships, explained relatively 78% of
the variance in the field measurements (R’=0.38). Other vegetation indices were not significantly
related to vegetation cover percentage of the field data. These vegetation indices, although explained
relatively low proportions or less consistent predictors of the variance of the field data.
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Table 2. Relationships between field cover and vegetation indices in the study area
Values are R
Correlation Correlation Correlation

Ve_getaﬁon coefficient with Vegetatlon coefficient with Ve_getatlon coefficient with
index o index o index o
cover (%) cover (%) cover (%)
NDVI 0.62** MSVI-2 -0.07 RATIO -0.05
Bl 0.30 SVI 0.08 SAVI-1 0.22
GVI -0.31 PD311 0.12 SAVI-3 0.06
IPVI 0.07 PD312 -0.12 SAVI-4 0.05
IR1 0.05 PD322 0.05 TVI -0.08
IR2 0.23 PVI 0.22 Wi -0.17
MIR 0.26 PVI-1 -0.12 VSVI1 0.23
MND 0.10 PVI-3 0.07 VSVI2 0.14
MSVI-1 0.16 RA 0.04 - -

* Correlation is significant at the 0.05 level.
** Correlation is significant at the 0.01 level.

The results of stepwise regression on vegetation indices show in Table 3. According to Tables 3, first,
each index was entered into the model, but they were removed for the model in next stages and only
NDVI index remained in the final model. The equation for this model is as follow:

Y= 10.08+86.55 NDVI (1)

Table 3. ANOVA analysis between NDVI index and vegetation cover (%)

Index entered into the model Sum of Squares df Mean Square Sig.
NDVI 3559.263 20 177.963 0.78
10801.492 44 245.488

The distinctive factor for this model is 0.78% and the null hypothesis is rejected at the probability level
of 1%. Since there is a linear regression relation between the plant crown cover percentage and the
above bands, the model is therefore valid. So, by the use of the map resulted from the above equation,
the region ranges under study is divided into 5 separate levels on the basis of the percentage of the
plant crown cover. The map resulting from the classification of the ranges is depicted in figure 4. The
total validity and the Capa factor for this map are 68.53% and 72.43%, respectively. Moleele et al.
(2001) obtained the validity of the plant cover at about 63.5% which conforms to the results obtained in
this research.

DISCUSSION

So far, many plant spectral indexes have been introduced for the study of the conditions of quality and
quantity specifications of plant cover. But, the selection of the best index for quantity analysis of plant
cover is one of the important problems for the users. In most similar researches only one index has
been used as independent variable. It is successful when the plant cover is highly vigor and turgid and
the effect of soil reflection is minimum. Therefore, in drought and semi-drought regions, even in years
with suitable raining, one index by itself cannot describe the plant cover of the region. The use of plant
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cover indexes is therefore more suitable for the study of plant cover of these regions due to the variety
produced in the use of the existing data in spectral bands.

On the basis of the plant indexes, the results of the analysis showed that out of the 26 indexes used in
this research 25 indexes did not have a meaningful relation with the percentage of the plant cover of the
region and that reason for the lack of the estimation of the cover percentage by these indexes is the high
variance among the cover data. NDVI index was the only index with a relatively higher relation with
the plant cover percentage of the region which is related to the use of band 2 and 3 in this index. This
index had also a correlation of (r=0.28) with plant cover in a study performed by Arzani et al. (1998).
The explanation should be searched in the strong reflection of plant cover within the limit of band 3 of
Aster gauge. Also, Khajedeen (1995) in his study in Jazmooriyan region introduced the NDVI index as
the only suitable index for the study of plant cover in the region (11). The results of Sepehri study
(2003) also showed that in regions with high plant cover percentage; this index is correlated with plant
cover (5). Apan et al. (1997) in their study believed that the reason for the reduction of NDVI
correlation with the cover crown percentage was the effects of the background soil on the plant cover
(9). But in Zahedifard's (2003) study NDVI had a meaningful correlation with the plant cover
percentage (R2= 0.83%) although the plant cover rate was low (4). Farzadmehr et al. (2004) in a study
performed in Semirroom region estimated the correlation between NDVI index and plant cover data at
<0.5% error.

Moleele et al. (2001) also estimated the correlation between NDVI index and the bush herbaceous
biomass in semi-drought ranges of Botswana to be at<0.5% error. The studies done by Hobbs (1995),
Janalog et al. (1998) and also by Tad et al. (1998) provided similar results. For the preparation of the
plant cover map of Kalahurd, Sadeghi (2009) employed the Aster Satellite data. The results of his
studies showed that there was a meaningful correlation between numerical data resulted from Aster
gauge and the plant cover crown percentage and among the spectral bands, the correlation in plant
indexes generated from the combination of bands 2 and 3 are therefore, higher. The results of this
research also showed that only NDVI index had a meaningful relation with the plant cover crown
percentage. The meaningfulness of the relation of the total cover crown with bands 2 and 3 of the
gauge can be attributed to the high reflection of plant cover in Red and NIR regions which is therefore
an acceptable result. Due to the effect of high reflection of the background soil and the percentage of
annual and perennial graminae in plant composition in drought and semi-drought regions, the
correlation indexes between the cover crown percentage and the plant indexes drops (since, on the one
hand the direction of the leaves on the stems of this group of plants results in less reflection compared
to broad leaves and on the other hand, these plants lack sponge mesophyll). Because of the low
percentage of cover crown in the region under study (25%) and prevailing effect of the background
reflection as well as the nonlinear nature of relations between spectral reflection and pant
specifications, the correlation relations have practically lower justification coefficients. This was
supported by Schmidt and Karnelli (2001) as well as Sellers et al. (1992). The results obtained by
Sepehri (2003) also showed that because of the prevalence of spectral reflection of the soil, estimation
of plant cover (<40%) is difficult and there should be other data such as the type of the soil, color, and
leaf surface indexes to be included in the model for the estimation of plant cover less than 40% (27).
The results obtained by Pickup et al. (1993) also showed that in drought and semi-drought ranges
except for rainy seasons and a few days after, most of the time the plant cover is not green and its
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reflection specifications are near to the soil specifications. Therefore, a plant index should have the
capability of being used both in drought and green conditions of the cover (97). Therefore, it can be
concluded that by the application of the tested plant indexes, the estimation of plant cover in the region
conditions has no desirable result. In a study done by Abdullahe (1997), no meaningful regression
relation between the plant indexes and plant cover percentage was obtained. Also, in a study done by
Khavaneenzadeh (1999), in Nayeer region of Yazd, none of the indexes had any meaningful relation
with the total cover rate the preparation of plant cover percentage map ( 2 and 6). Other cases resulting
in error in the evaluation of plant cover in the region are, slight mismatch between the precise area
sampled in the field and the pixels extracted from the imagery could also potentially reduce the strength
of relationships between the two datasets. Finally, the field measurements were made by several
different field workers, adding another source of variation to the data. For example, it has been shown
that there may be up to 20% difference in measurements of plant cover made by experienced field
workers, using objective methods similar to those made at the pastoral lease monitoring sites (Friedel
and Shaw 1987; Wilson et al.1987).

CONCLUSIONS

One of the main objectives of this study was to identify vegetation indices that were the best predictors
of vegetation cover, and hence vegetation cover map, in the semi-arid of the Gharah Aghach region, in
Center of Iran. Criteria that make an image-based vegetation index suitable for regional monitoring are
strong relationships with vegetation cover in the vegetation types of the district, ability to predict this
cover within semi-arid region. Although simple red-infrared contrast indices, in particular NDVI, have
been widely used with success in arid land studies throughout the world, our results confirm that they
are the best indices for recording vegetation cover. However, this suggests that NDVI and simple red-
infrared indices are useful for general cover monitoring regardless of more localised soil and vegetation
variation.
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