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Abstract. Biological invasions form a major threat to the provision of ecosystems products 

and services and can affect ecosystems across a wide spectrum of bioclimatic conditions. 

Therefore, it is important to systematically monitor the spread of species over broad regions. It 

has long been recognized that remote sensing and geographical information system could 

contribute to this capacity. This paper aims to investigate the efficiency of Landsat TM images 

in identifying and classifying invasive species Cirsium arvense and Stachys byzanthina in 

Vazroud rangelands of Iran. For optimizing results, the Cos(t) model was used for atmospheric 

correction on the image. Then multiple vegetation indices, by extracting the digital mean of 

pixels related to training samples of the corrected image, were calculated. A supervised 

algorithm using minimum distance of mean was used as a classification technique for 

evaluation against ground truth map. The results indicated that NDVI, Ratio, RVI, TVI and 

NRVI were the most suitable indices for the discrimination of Cirsium arvense species. The 

best indices for the Stachys byzanthina species were DVI, NDVI, PVI 1, PVI 2, RVI and 

WDVI. Of all the indices analyzed, DVI and WDVI were able to discriminate both species but 

with varying degrees of separation. 

Key words: Biological invasion, Cirsium arvense, Remote sensing, Stachys byzanthina, 

Vegetation index. 
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Introduction 
Biological invasion is a recognized threat 

to ecosystems and economies worldwide. 

Invasive plants have been called non-

natives, exotics, aliens, non-indigenous 

harmful species, and weeds. All of these 

definitions incorporate a basic concept: 

invasive plants are plants that have been 

introduced into an environment in which 

they did not evolve and thus usually have 

no natural enemies to limit their production 

and spread (McQueen and Noemdoe, 2000; 

Bradley and Mustard, 2006). At 

international level, there is a growing 

agreement that invasion by invasive 

species is one of the greatest threats to 

biological diversity conservation. Massive 

habitat destruction by invasion of exotic 

species into areas where they did not 

evolve is considered to be one of the causes 

of diversity loss (Joshi, 2006). Much 

research into discriminating invasive 

species from the native vegetation has been 

undertaken in order to develop a 

sustainable protection strategy (Parker-

Williams and Hunt, 2004). Remote sensing 

technology has many attributes that would 

be beneficial to detecting, mapping and 

monitoring invaders (Joshi, 2006; Huang 

and Asner, 2009). This technology has 

been used to assess invasive species 

attributes such as canopy architecture, 

vegetation density, leaf pubescence and 

phenological stage (Everitt et al., 2001). 

Many studies show remote sensing 

evolution and satellite imagery processing 

in discrimination and mapping of invasive 

vegetation. The resulting maps can be seen 

as a baseline inventory to assist natural 

resource or conservation management 

(Oldeland et al., 2010). For example, 

Peterson (2005) combined field survey data 

and multi-seasonal ETM+ images to 

estimate Bromus tectorum in the Great 

Basin, USA using a specific regression 

model. His results showed good 

correspondence between sampled and 

estimated Bromus tectorum ground cover. 

Kandwal et al. (2009) in order to 

discriminate the invasive species Lantana 

camara using vegetation indices evaluated 

the utilities of twenty nine common 

vegetation indices. Their results showed 

that SAVI is most favorable in 

discriminating Lantana followed by PVI 3.  

This research is an attempt to study and 

evaluate of some vegetation indices in 

problem resolvent of composition of 

Cirsium arvense and Stachys byzanthina 

from other species and the preparation of 

their spatial distribution map. 

 

Materials and Methods 

Study area  
The study area is located at longitude of 

52º 01' 43'' to 52º 12' 23'' E and latitude of 

36º 14' 13'' to 36º 18' 49'' N in the 

rangelands of Northern slopes of Alborz 

Mountains, in the south of Caspian Sea 

(Fig. 1). The field site includes two 

ecosystem regions from highland to the 

forest zone. In highland, the dominant 

vegetations are related to the rangeland. 

From 14123 ha of the study area, 5000 ha 

belonged to the rangelands. 

 

Preprocessing and preparing of 

official data  
Used digital data in this study are part of a 

frame of TM sensor of Landsat satellite. 

This image was taken on June 3, 2010. 

Geometric correction was made using first 

order polynomial transformation model and 

nearest neighbor method for resampling. 

The image was corrected geometrically by 

choosing 17 ground control points on study 

area. For atmospheric correction, spectral 

values for each band converted to radiance 

and reflectance. Then spectral radiance 

converted to reflectance (Chavez, 1988). 
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Field sampling and ground truth map 

production 
To determine training samples, 30 points 

were sampled by GPS device using 

stratified-random sampling method. In 

such a way that by using GPS and 

recording central point geographical 

coordinates of a class of Cirsium arvense 

and Stachys byzanthina and also their 

angles coordinate as a circle, first a point 

map was built in GIS and then ground truth 

map was prepared by connecting the points 

of these polygons. Percentage of these 

species canopy cover was 50-60 in training 

samples. 

 

 

 

 

 

 

 

 

 

Fig. 1. Location of the study area on Iran and Vazroud basin 

 

Vegetation indices selection and 

classification 
To prevent background soil spectral 

reflectance's interference in vegetation 

cover spectral reflectance, NDVI, WDVI, 

SAVI and TSAVI indices which reduce 

soil spectral reflectance effects 

(Alavipanah, 2006) were calculated. To 

calculate these indices soil line factors 

were used i.e. the relation between soil line 

reflectance observed in two different 

wavelengths. The aim to use this line was 

to show correct reflectance of vegetation 

canopy cover from soil's spectral 

reflectance effects by applying these 

indices (Baret and Jocquemoud, 1993; 

Sundison and Henley, 1999). To reveal 

vegetation and minimize effective 

variable's impact on reflectance like 

canopy cover geometry, background soil 

and atmospheric conditions, some 

vegetation indices were used. To calculate 

indices, the mean of digital pixels related to 

sampling units of the corrected image was 

extracted. SAVI is intended to minimize 

the effects of background soil on the 
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vegetation signal by incorporating a 

constant soil adjustment factor (L) into the 

denominator of the NDVI formula.  

The (L) factor chosen depends on the 

density of the vegetation and its 

determination depends on prior knowledge 

about vegetation density (Huete, 1988). 

NDVI is based on this fact that chlorophyll 

existing in plant structure is able to absorb 

red light and leaf mesophyll reflects NIR 

light. NDVI ranges from -1 to 1 which its 

negative values represent non-vegetation 

surfaces (Rouse et al., 1974).  

Supervised method in minimum distance of 

mean classifier was used as classification 

technique. After featuring the pixel that 

assigns the selective samples spectral value 

mean of every class to itself, the distance 

of every unclassified pixel with mean 

pixels is calculated and the intended pixel 

assigns to a class which has the closest 

distance to the mean (Zobeiry and Majd, 

2005).  

 

 

 

Accuracy and precision assessment of 

indices 
In each confusion matrix, an overall 

accuracy, producer and user accuracies, 

kappa coefficient, commission and 

omission errors are reported. The 

coefficient is calculated by multiplying the 

total number of pixels in all the ground 

truth classes (N) by the sum of the 

confusion matrix diagonals (Xkk), 

subtracting the sum of the ground truth 

pixels in a class times the sum of the 

classified pixels in that class summed over 

all classes (XkƩXƩk), and dividing by the 

total number of pixels squared minus the 

sum of the ground truth pixels in that class 

times the sum of the classified pixels in 

that class summed over all classes: 

  
 ∑     ∑         

   ∑        
 ……… (Equation 1) 

k varies from 0 (full disagreement) to 1 

(full agreement) and if k<0.4, 0.4<k<0.75 

and k>0.75, it will be classified as poor, 

fair and power, respectively. The best 

classification happen when overall 

accuracy and kappa coefficient are both 

high (>0.6) (Foody, 1992). The steps of 

this study are shown in (Fig. 2). 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Steps of the study 

Official Data  
(Topographic Map, Landsat TM image) Field Operations 

Training Samples 

Collection: GCP 

Atmospheric Correction: to convert radiance 

into reflectance & propagable image 

production, Geometric correction 

Classification Vegetation Indices: 
NDVI, PVI, TVI,... 

Post-processing & Accuracy Assessment 

Classification of Indices and Preparation of Zoning Maps 
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Results  
Using corrected bands were obtained 

vegetation map for each index. 

Determinate coefficient and regression 

coefficient of red and near infrared bands 

are 98.49% and 99.24% respectively. High 

determinate coefficient implies high 

relationship of spectral value levels in both 

bands. Regression coefficient shows the 

correlation level observed for dependent 

variable and its predicated level from 

regression model (Figs. 3 and 4).  

 
Fig. 3. Distribution of spectral values of bare 

soil pixels in space of red and NIR bands  

 

Relation between soil line and red and near 

infrared bands is: 

(Equation 2) …………..                 

X and Y are spectral value of bare soil in 

red and NIR bands. Equation 2 is used to 

create PVI 2 ,PVI 3, TSAVI and TSAVI1 

(Schmidit and Karnieli, 2001). 

 

 
Fig. 4. Distribution of spectral values of bare 

soils pixels in space of NIR and red bands  

 

Relation between soil line and near infrared 

and red bands is: 

(Equation 3) ……...…..                   

Where X: Spectral value of bare soil in 

NIR band and Y: Spectral value of bare 

soil in red band. The obtained coefficients 

are used to create PVI, PVI 1, DVI and 

WDVI indices (Schmidit and Karnieli, 

2001).  

 The best response for separation of 

Cirsium arvense from other classes is 

relevant when using NDVI, Ratio, RVI, 

TVI and NRVI
.
 For separation of Stachys 

byzanthina best responses were obtained 

by using DVI, NDVI, PVI 1, PVI 2, RVI 

and WDVI (Table 1). 
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Spectral value of bare soil in near infrared band 
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Table 1. Overall Accuracy (O. A.) and Kappa coefficient for vegetation indices (see nomenclature in 

last page) 

Veg. Index Formulae O. A. (%) 

C. arvense 

 

S. byzanthina 

Kappa 

C. arvense 

Coefficient 

S. 

byzanthina 

  

AVI         71.42 57.14 0.42 0.08 

 

CTVI         

|        |
 √|        | 

75 62.5 0.5 0.25 
 

DVI (     )      71.42 87.5 0.46 0.72 
 

NDVI               ⁄  87.5 87.5 0.75 0.75 

 

NRVI           ⁄  75 75 0.75 0.5 

 

PVI (   ( )     ) (   ( )     ) 71.42 71.42 0.46 0.46 

 

PVI 1 (          )

√    
 

62.5 87.5 0.25 0.75 

 

PVI 2 (     ) (     )

√    
 

62.5 87.5 0.25 0.75 

 

PVI 3 (     )  (     ) 75 75 0.5 0.5 
 

Ratio       ⁄  87.5 62.5 0.75 0.25 

 

RVI       ⁄  87.5 87.5 0.75 0.75 

 

SAVI L0.25        

            
      

55 71.42 0.35 0.36 

 

SAVI L0.5        

           
     

50 75 0.3 0.5 

 

TSAVI  (    (     )   )

    (     )      (    )
 

64.28 57.14 0.31 0.22 

 

TSAVI 1 
 ((     )(     ))

            
 

75 65 0.5 0.45 
 

TVI 

√(
       

       
)      

87.5 75 0.75 0.5 

WDVI (    (     ) 64.28 87.5 0.31 0.75 
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Training samples of Cirsium arvense and 

Stachys byzanthina introduced to software 

in order to classify the indices which had 

more efficiency than other indices. Thus 

were created vegetation maps for both 

species and by minimum distance 

algorithm (Figs. 5 and 6). Maximum 

occupied area by Cirsium arvense is 

relevant to RVI and TVI (10.5 km
2
) and by 

Stachys byzanthina is relevant to DVI and 

WDVI (5.84 and 5.46 km
2 

respectively). 

 

 
b 

        
a 

 
d            

c 

 
e 

 

Fig. 5. Cirsium arvense mapping of the study area by classification of: a) NDVI, b) Ratio  c) RVI, d) 

TVI and e) NRVI 
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b 

 
a 

 
d 

 
c 

 
f 

 

 

 
e 

 
 
Fig. 6. Stachys byzanthina mapping of the study area by classification of: a) DVI, b) NDVI, c) PVI1, d) 

PVI2, e) RVI and f) WDVI  
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Since each class is scattered about its mean 

with some deviation, so initially to 

incorporate the deviation, μ±SD were taken 

as criterion for the spectral plots (Kandwal 

et al., 2009; Fig. 7).  

 

 

 
Fig. 7.  Spectral analysis of vegetation indices developed using Landsat TM bands 

 

The graph helped in selecting the best 

performing indices for separating Stachys 

from Cirsium and its visual interpretation 

shows that of all the indices analyzed, DVI 

and WDVI are most adequate to 

distinguish Stachys byzanthina and Cirsium 

arvense but with varying degrees of 

separation. Therefore, these indices can 

produce good results as a measure 

separation in future studies. 

 

Discussion 
Regarding that accessing basic and up to 

date data about rangelands requires 
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successive measurements in a period of 

several years, and since every component 

of rangeland has different reflectance, it's 

suggested to use vegetation indices to study 

rangeland cover. However, to analyze 

cover precisely and even to determine 

cover types, it's impossible to use only one 

index and it's more useful and fruitful to 

use several indices along with each other 

and to apply previous information about 

the region under study. Because red band 

wavelength is shorter than infrared band 

wavelength, they have higher distribution 

than infrared band. As a result, some 

vegetation indices levels like NDVI are 

less than their real level. Therefore, 

accurate geometric and radiometric 

corrections of images are the preprocess 

requirements in zoning invasive species. In 

this study, before applying indices and 

classification in order to remove 

undesirable atmospheric effects on the 

image and consequently to offer better 

relations with vegetation cover quantitative 

parameters and accurate process of field 

with canopy cover at different times, Cos 

(t) method was used.  

As were mentioned in results section, 

NDVI and RVI show fine performance in 

Cirsium arvense and Stachys byzanthina 

zoning discrimination. From this view our 

study agrees with findings of other 

researchers like Peterson (2005), Bradley 

and Mustard (2006), Hestir et al. (2008), 

Kandwal et al. (2009) and Evangelista et 

al. (2009). TVI and DVI efficiency for the 

discrimination the invasive species were 

observed in Kandwal et al. (2009) study. 

TSAVI1 had almost the same accuracy of 

the NDVI and RVI that this similar 

function can be due to very low effect of 

background soil in measured samples, 

because field sampling was done while this 

species was in its proper vegetation growth 

and background soil had trivial effects on 

reflection.  

Since TVI benefits from NDVI in its 

structure and both are standard of slope 

line between red and near infrared space, it 

has almost the same accuracy (Deering et 

al., 1975). To map accurately the result of 

this type of biological invasions, there is a 

clear need of combined use of remote 

sensing, GIS and expert knowledge. 

Management dealing with invasive species 

requires accurate mapping and modeling 

techniques and development of those will 

be a valuable step toward conservation of 

native biodiversity. 
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CTVI: Corrected Transformed Vegetation Index 

DVI: Difference Vegetation Index 

NDVI: Normalized Difference Vegetation Index 

NRVI: Normalized Ratio Vegetation Index 

PVI: Perpendicular Vegetation Index 

RVI: Ratio Vegetation Index 

SAVI: Soil Adjusted Vegetation Index 

TSAVI: Transformed Soil-Adjusted Vegetation 

Index 

TVI: Transformed Vegetation Index 

WDVI: Weighted Difference Vegetation Index
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ّبٕ گ٘بّٖ، هغبلؼِ هَسدٕ: ّبٕ هْبخن ثب اػتفبدُ اص ػٌدؾ اص دٍس ٍ ؿبخصؿٌبػبٖٗ گًَِ

 ٍاصسٍد )اٗشاى( هشاتغ
 

 هؼئَل( ؼٌذُداًـگبُ ػلَم وـبٍسصٕ ٍ هٌبثغ عج٘ؼٖ ػبسٕ، اٗشاى )ًَٗ هشتغ ٍ آثخ٘ضداسٕ، اسؿذ هشتؼذاسٕ، گشٍُ آهَختِ وبسؿٌبػٖ، داًؾهحذثِ اه٘شٕ

گبُ ػلَم وـبٍسصٕ ٍ هٌبثغ عج٘ؼٖ ػبسٕ، اٗشاى RS  ٍGISاػتبد هشوض  ،وشٗن ػل٘وبًٖ  گشٍُ هشتغ ٍ آثخ٘ضداسٕ، داًـ

گبُ ػلَم وـبٍسصٕ ٍ هٌبثغ عج٘ؼٖ ػبسٕ، اٗشاى، سضب توشتبؽ  ػضَ ّ٘ئت ػلوٖ گشٍُ هشتغ ٍ آثخ٘ضداسٕ، داًـ

 ، داًـدَٕ دوتشٕ آثخ٘ضداسٕ، داًـگبُ هبصًذساىصادُه٘شحؼي ه٘شٗؼمَة

 چكيذه

ؿًَذ ٍ ّب ًبؿٖ هّٖبٕ صٗؼتٖ اص ٗه خغش ػوذُ دس تأه٘ي هحصَلات ٍ خذهبت اوَػ٘ؼتنّدَم  

ّب تأث٘ش ثگزاسًذ. ثٌبثشاٗي اغلت ّبٕ صٗؼت الل٘وٖ ثش سٍٕ اوَػ٘ؼتنتَاًٌذ دس ع٘ف ٍػ٘ؼٖ اص ٍضؼ٘تهٖ

ّبٕ ػٌدؾ ّب دس ٗه ًبحِ٘ ٍػ٘غ اّو٘ت داسد. هـخص ؿذُ وِ تىٌ٘هپبٗؾ ػ٘ؼتوبت٘ه گؼتشؽ گًَِ

بؿٌذ. اٗي همبلِ ً٘ض ثِ ّبٕ هْبخن ػَدهٌذ ثتَاًٌذ دس ؿٌبػبٖٗ گًَِاص دٍس ٍ ػبهبًِ اعلاػبت خغشاف٘بٖٗ هٖ

إ ّبٕ هْبخن وٌگش صحشاٖٗ ٍ ػٌجلِ ًمشُثٌذٕ گًَِدس ؿٌبػبٖٗ ٍ عجمِ TMثشسػٖ وبسآٖٗ تصَٗش لٌذػت 

اًدبم ٍ ػپغ  Cos (t)پشداصد. خْت حصَل ًتبٗح ثْتش، تصح٘ح اتوؼفشٕ تصَٗش ثب هذل هٖ  دس هشاتغ ٍاصسٍد 

ّبٕ تؼل٘وٖ ثش سٍٕ ّبٕ هشثَط ثِ ًوًَِي سلَهٖ پ٘ىؼلّبٕ گ٘بّٖ ثب اػتخشاج ه٘بًگ٘تؼذادٕ اص ؿبخص

 ًمـِ ٍالؼ٘ت ثب ٍ اًدبم فبصلِ اص ه٘بًگ٘ي حذالل ثٌذٕ ثب الگَسٗتنتصَٗش تصح٘ح ؿذُ اػوبل گشدٗذًذ. عجمِ

ٍ  NDVI ،Ratio ،RVI ،TVIّبٕ وِ ؿبخص داد ًـبى ًتبٗح .گشفت صحت ٍ دلت لشاس اسصٗبثٖ هَسد صهٌٖ٘

NRVI  ّٕبٕ تـخ٘ص گًَِ وٌگش صحشاٖٗ ٍ ؿبخصثشاDVI  ٍWDVI ُتشٗي هٌبػتإ ثشإ ػٌجلِ ًمش

ثب دسخبت  DVI  ٍWDVIّبٕ ؿبخص ّبٕ آًبل٘ض ؿذُ،اص ه٘بى ولِ٘ ؿبخصّوچٌ٘ي  ّب ثَدًذ.ؿبخص

 اًذ. هتفبٍتٖ اص تفى٘ه لبدس ثِ تفى٘ه اٗي دٍ گًَِ اص ّن ثَدُ

 

 ، ؿبخص گ٘بStachys byzanthinaّٖ، ػٌدؾ اص دٍس، Cirsium arvenseّدَم صٗؼتٖ،  كلمات كليذي:
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