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ABSTRACT

Normalized Difference Vegetation Index (NDVI) is commonly used for assessing and monitoring ecological
variables such as vegetation cover, above-ground biomass and Leaf Area Index. This paper examines the utility of
NDVI for mapping the land/canopy cover characteristics in Khalkhal County in north-west of Iran. Images were
selected by considering seasonality and phenological patterns, and three images from three sensors including:
Landsat TM (30/09/1987), ETM* (29/07/2002), and IRS P6LISSIII (26/05/2008) were selected. Preporccessing
stages including geometric and radiometric corrections and topographic normalization were conducted, and NDVI
of those images were derived. Land / canopy cover of 270 sites using point intercept method were estimated and
sample sites using GPS were recorded. Collected points transferred on image and using zonal-based attributes
average of 16 pixels around the GPS points transferred to excel file and correlated with field collected data.
Derived maps were evaluated for accuracy assessment and correlation analyses. Results showed that: although
there is some considerable evidence that the results of the derived NDVI are acceptable, however by comparison of
the derived maps with the field data, there are considerable differences. Accuracy assessment showed that the
results are not acceptable. Finally, the correlation analyses between individual land/canopy covers showed that
there are no significant (p>0.05) relationships between data extracted from images versus field collected data.
Therefore, the use of NDVI in the routine procedure in the same regions of Khalkhal County is not suitable for
canopy/land cover mapping. Results of this study suggest that further analysis are required to determine the
usefulness of the NDVI calculated from course resolution satellite data for estimation of land/canopy cover when
thereis high heterogeneity exists on the study area.
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INTRODUCTION

Remote sensing has developed as a powerful to@ninronmental studies because it can provide Geklol;
objective, repeatable and cost effective informmafar large areas and it can be empirically relatedollected field
data [25, 22]. One of the most common applicatiohgemote sensing is land/canopy cover monitorind a
assessment via remote sensing indices which combfleztance measurements from the bands of resestsing
instruments [41, 22]. Remote sensing indices ddrifrem satellite data are one of the primary sosiroé
information for operational monitoring of the lasd/egetative and other land covers. These indieesagiometric
measures of the spatial and temporal patternsnaf &overs such as vegetation photosynthetic agtthiat are
related to canopy biophysical variables such a$ Reza Index (LAI), fractional vegetation coverphiass, etc. [7,
46, 22]. Spectral indices are simple mathematioailinations of two or more spectral values to poada single
value that describes a photosynthetic organismaityuor condition and quantity [47, 51, 27, 13,45 6, 20,
22].The basic idea of a spectral index is to cakathe multispectral or hyperspectral remote sgngatues to a
particular measure, which is related to some cheriatics (i.e. vegetation cover and greennessgnobbject [48].

5494
Scholars Research Library



Ardavan Ghorbani et al Annals of Biological Research, 2012, 3 (12):5494-5503

Moreover, these mathematical combinations are dedigo minimize the effect of external influencastsas solar
irradiance changes due to the atmospheric effeeaidations in soil background optical propertieghe vegetation
canopy spectral response. Healthy green vegetdtasndistinctive reflectance in the visible and rAe&ared

regions of the spectrum. At visible and in particuled wavelengths, plant pigments strongly absieetenergy for
photosynthesis, whereas in the near-infrared regf@nenergy is strongly reflected by the interiealf structures.
This strong contrast between red and near-infraefldctance has formed the basis of many diffeuegetation
indices. When applied to multispectral or hypersaéaemote sensing images, these indices involweetic

combinations of the sensor bands that record lanfhce reflectance at various wavelengths. PeaasdnMiller

[40] first presented the near infrared/red ratio $eparating green vegetation from soil backgro8idce then,
numerous vegetation indices have been proposedfiethdinalyzed, compared and classified [47, 51,13, 45, 5,
20].The NDVI is the example of the most common vatien indices to analyze the green cover of photibetic

vegetation in image processing.

Normalized Difference Vegetation Index (NDVI)

The NDVI, which is a combination of red and NIRleetance measurements (equation 1), is one of ts widely
used vegetation indices in the world [43] and heasrnbused extensively as an indicator of the stategetation
over many spatial and temporal resolutions [28, B6% based on the difference between the maxirabsorption
of radiation in the red spectral band and the marinteflection of radiation in the near-infrared cfpal bands.
Values of the NDVI range between —1.0 and +1.0,avatusually positive for soil and vegetation. Bare soils
alone, depending on composition and wetness, NR¥ies between 0.1 and 0.2 [9]. Glenn et al., [2Pprted that
in remote sensing studies bare soil value scal®] and 100% vegetation scaled at +1 to get fraatioover for a
given pixel or area of interest in the scene. Deasd/or healthier vegetation will have higher esluNDVI values
for vegetation usually offer a means of efficient abjective evaluation of phenological charactiesg44]. NDVI
increases near-linearly with increasing LAl andntrenter an asymptotic phase in which NDVI increasey
slowly with increasing LAI [54, 32]. This index she positive correlation with photosynthetic actjyivegetation
cover, biomass, and LAI [50]. Lacking the plants5arption / reflectance mechanisms, soil specpzdyly do not
show such dramatic spectral differences on thiexri83]. According to experimental measurements ditferent
soil backgrounds [30], NDVI approach their maximwaiues at fractional vegetation covers betweeno8900%.
Similar experiments conducted by Diaz and BlackijtB} showed NDVI reaching asymptotic values atfi@nal
vegetation covers of only 60%. Gutman and Ignag8] fesolved this problem by prescribing local Lédual to
infinity and derived green vegetation cover frorscaled NDVI taken between bare soil NDVI and dereggetation
NDVI. Wittich and Hansing [53] studied the relat&hip between NDVI and vegetation fraction at figsttareas in
Germany, and showed that, to a first approximatibe,vegetation cover fraction was adequately dssgrby the
linear expression of NDVI over a wide distributeshge of heterogeneous vegetation densities. Sestbial studies
also showed a strong linear relation between fvaativegetation cover and NDVI [34, 32].

npvi = ZNIRZ AR
ONIR + pR

wherep is the reflectance value in the indicated spetiaalds. "R" is the reflectance in the red channdl"&IR" is
the reflectance in the near-infrared channel ofediint sensors such as TM, ETMRS, etc. On the other hand,
some other studies outlined that NDVI cannot beiaately transformed between field and satellitdescan a linear
fashion [42, 23, 24]. Indeed, there is little knedge of interactions between spatial heterogenigitya
photosynthetic canopy and spatial scale of measemtemlthough researchers are beginning to addredsissues
[23, 24, 48]. Another problem with NDVI is that eft it is not a product of the process with whiclsitorrelated
[27, 9]. That is, NDVI can be an indicator of diféat things such as at different locations and sifheth seasonally
and inter-annually). These include dissimilaritisscanopy background (i.e. substrate) reflectar@racteristics:
the presence of leaf litter, senescent (i.e. standiead) vegetation, and woody materials; diffeegnimn green
vegetation coverage, density, geometry and phegpkiwrt and long-term climate variation; canopydisectional
reflectance properties; and contrasting managerpeadtices [27, 9]. Li et al. [37] have shown thhe tscene
brightness can account for up to 30% of the vamatf NDVI for some land covers. Another problemthe
expected difference between NDVI measured at théase and from space, which is related to dissimila
atmospheric attenuation of red and near infrareéhtian [9]. Moreover, Huete [27] and Huete et[aP] reported
that the NDVI is the inherent nonlinearity of rabased indices and the influence of additive nef$ects, such as
atmospheric path radiances. They also reported\Bél exhibits scaling problems, asymptotic (satadg signals
over high biomass conditions, and is very sensitvecanopy background variations with NDVI degraatat
particularly strong with higher canopy backgrountyitness. The canopy background correction isvesie for
vegetation monitoring since 70% of the Earth’sdstmial surface consists of open canopies withifsigmt canopy
background signals exerting some effect on the maneflectance properties.

equation 1
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Application of the NDVI in Iran

One of the applied indices, which are frequentlgdum Iran, particularly using coarse to moderatgial resolution
imagery such as MODIS, Landsat MSS, TM, ETEPOT, ASTER, IRS and other sensors data is thelE 18,
1, 31, 4, 2, 21, 17]. For example, the NDVI hasrbased for monitoring agricultural drought in Maabhregion
and a new drought index by considering this indes \mtroduced [49]. Moreover, it has been used/émetation
mapping in Nishabour plain Ghaemi et al., [21] wikoreported the high potential of this index foe thsed
purposes. Naghibi et al. [39] reported that, theliaption of the NDVI did not show significant rdty for
vegetation monitoring. Esfandiari et al. [16] rejedr that there is low potential using the NDVI iatection of
Avicennia or Mangrove forested area in south of Iran. Moegpthe NDVI has been used for individual species
detection. For example, Behbahani et al. [8] usedNDVI for individual Pistatica atlantica detecting in south
Khorasan province and concluded that there wasfisignt correlation for detecting this species. €alie NDVI has
been used for predictive modeling for natural reseumanagement at national to local scale in Ixoreover, this
index has been applied in interdisciplinary fiekigeh as watershed management sectors. For exammlgying
empirical models of hydrology, erosion and sedimesttmation [2, 17] this index has been used amnd tover
estimator, and produced land cover map, were imgatpd in model calculation without reliable cadition
procedures. This study was conducted to evaluatestitability of the NDVI for land/ canopy covertiesation in
Khalkhal County in south of Ardabil province in ttmwest of Iran.

MATERIALS AND METHODS

Study area

Khalkhal County is located in northwest of Iran o of Ardabil province / Figure 1). The Countysligvithin
latitudes 37° 07to 37° 53N and within longitudes 48° 120 49°00E, covering an area of 292867 ha. Initially,
digital 1:25,000 topographic maps of the study aveee used to derive a 20x20 m Digital Elevationdgloq DEM)
Map using ArcGIS9.3 based on Thin Plate SplinesS@)Ralgorithm of the study area (Figure 2). Altgudhries
from 521 to 3230 m, about 2709m elevation diffeen¢Figure 2). Mean annual precipitation is abd@ &m
(15.7% of that in March and 1.7% in August as tlghést and lowest during a year), mean annual teatyre is
9.7°C (Max 35 and Min -35.5°C), and generally witiid semi-arid climate. More than 95% of this cquig
mountainous area. Soil depth, texture, and physatemical and biological components are differ@iie major
land uses are rangeland (more than 80%) and refteofand uses are dry farming, irrigated farmiggrdens,
residential and industrial areas and forest lardpectively. Major vegetation types on natural aacdk:Juniperous
semi-steppe woodlands, Hyrcanian forest, steppiubdinds and meadow lands. Agricultural lands atmos
distributed up to 20 to 30% slopes. Riversides aalbbys with moist condition are covered with gardad wild
trees. Highland areas with smooth slops and lowptgature are covered with meadow lands, with twmesy
including high and short meadows. Hyrcanian forest dense canopy cover (100%) dodiperous semi-steppe
woodlands with canopy cover varied from 0 to 50%hwihree layers including herbaceous, shrubby srellants.
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Figure 1. Study location in Iran and Ardabil province

Seasonality and phenological consideration

By considering seasonality and phenological pagtefrthe Khalkhal County, according to 2709m aftéwariation,
there is no considerable seasonality variation pnological stages are different (there are dedimble seasons,
however with different temperature and type of jpiation in different elevation, phenological stmgare
different). Growing season in near Ghezelozan Reved low altitude areas, each year start almosh fltate
February and lasted to end of September, if mastiavailable. According to this situation, in stz areas of this
river, farmers are usually planted two crops inheg@wing season, however on rangeland area bintitation of
moisture; growing season usually lasted maximuntouiate May. On the other hand, in the highlancharef the
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County growing season is very short and lastea$s than 3 months (Start almost late March to esplyl and
ended at the late September). Therefore by cornisglénese differences, the peak growing stage erCiunty is
not the same, which can create problem in thergetireenness values from satellite data. Ovdraltonsidering
these issues, the best time of the image seleionver both low and high altitude areas was tecs@an image in
late April or early May of each year. Moreover, #® issue in which can be considered in imagec8efeis the
moisture content affected by recent rainfall orseldéo image acquisition time, thus to avoid thestuse affects on
the image data, 15 days before image selection emrsidered, however there was no considerabléathin this
period for the selected images. Therefore, possildges by considering seasonality and phenologatiérns and
moisture content were selected.

DEM

-

521

s>
3?\.?" =

Figure 2. DEM of the Khalkhal County
Field data
Sample locations defined systematically by congideroad accessibility and different land uses kamdl covers in
the first place, then samples located randomlyaichdand uses and land covers. Samples located apgropriate
distances from the roads and boundary of eachuard. Some parts of the study area because cdc¢kef road
accessibility did not covered by sampling. Landriapy cover (Table 1) estimated using line poitercept method
(500 points on a 100 x100 m plot size, over fiv® 10 transect) by including necessary precautiongfound
sampling such as homogeneity of sampling areadomte sensing studies. Major land covers such s dwl,
litter, stone (>3cm), non woody plants, shrubsegren different land uses were recorded. The cefitegich sample
location using a Garmifesvista GPS (x10m) was recorded and using Oziexplorer.8@PBansferred to computer as
the shapfile format. In ArcGIS all attributes, winizvere collected from the field, classified and edido the GPS
points. In 2009 about 114 samples and 2010, 15@lsanitotally 270 samples) were collected. Preaijgih of the
first year (2009) of sampling was 359mm and yed02@as 380mm.

Table 1. Main land covers, which were considered fesample collection in this study.

Main Land covers Sub land covers / Descriptions No. of
Samples

out crops Area‘s which is covered by more than 30% stonenéstarger than 3 cm & out crops are 15

included)

Dry farming 42
Agricultural lands Irrigated farming 12

Garden & wild trees such &slix spp. &Platanus orientalis, Phragmites australis, ... 28
Residential & industrial Including urban, rural, road, ... 24
areas

Steppic shrublands 106
Rangelands Meadow lands Short meadows 3

High meadows 11

Forests Hyr_canian fore;t _ 2

Juniperous semi-steppic woodlands 27
Total 270

Satellite Data and Data Analysis

A full scene of three images from three sensorbudtiog: 1) Landsat Thematic Mapper (TM) (30/09/108@th
167, row 34), 2) Landsat Enhancement Thematic Maphe (ETM+) (29/07/2002/ path 167, row 34)), ad
Indian Remote Sensing (IRS) P6LISSIII (03/04/2008th 065, row 042) were acquired. Obtained imagehiggen
registered to the Universal Transverse MercatorMihap projection with a datum of the WGS84 by vensd The
study area is located in zone 39(N) of UTM. Howeaacording to the collected Ground Control Po{@EP) and
other GIS layers such as registered topographicsmaqmuired images were still required to be redtif Using
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affine transformation model acquired images geanadty corrected to the WGS84 to align accurateithwhe GIS
layers and collected GPS points. In image geomewitection Root Mean Squire (RMS) errors of 18npmi
selected from 50 GCP were (RMS) 1.22 pixels. Peoioiield data collection synchronized almost Wi images
in 2008. The IRS image synchronized almost on @y the full growth of annual and perennial ptaah the
study area. Image preprocessing stages, includmgspheric, radiometric corrections, topographicnmadization
and image enhancements, were conducted before iotdigation (Chavez, 1996; Chander and Markhan93)0
NDVI of the selected images were calculated. Ctddésample points transferred to ArcGIS9.3 andlggon using
selected images by average of 16 (4x4) pixels ardhe GPS points was derived. Using the derivegiquo and
each selected images and zonal-based attributesdnrof ERDAS Imagine8.7, mean value of each cbhimeach
image transferred to an excel file, and then eg@thattributes from sample location added to tigs f

Accuracy assessment

By considering literature such as Carlson and Rif#é and Glenn et al. [22], and also as in thigdgtthere was no
close range spectra collection, thus by conside@ogman and Ignatov [26] proposed method and ctinydbare

ground in defined areas from field visits, whichrev@bout -0.25 to + 0.18 on the study area. Orpother hand,
dense vegetation cover varies from +0.27 to +0THus, by considering literature and controlled arfram this

study, bare soil scaled as 0, and 100% canopy cmaed as maximum value of NDVI of each imagehia study

area. Overall accuracy calculated based on Dellepgaad Smith [14] formula and Kappa statistic dalmd based
on Foody [19] formula.

Correlation analysis between field vs. image data

A. Correlation Analysis based on row / heterogeneousath

The relationships between field collected datadlaover attributes) and the NDVI, which was derifeain 16
(4x4) pixels around the GPS points, tested usirgB and interpreted.

B. Correlation analysis based on classified (modifiedhomogeneous data

The relationships between field collected and dia@ss(modified) data (land cover attributes) ahd NDVI, which
was derived from 16 (4x4) pixels around the GPStspitested using SPSS16 and interpreted. Theifidation

(modification) of the field collected data basedthe Table 2, by considering literature [23, 24] @8ich was
claimed that NDVI can show significant relationshipith the homogeneous land covers. In the modifina
process the sites with lower than the mentioneciat each sites, were eliminated and correlati@lysis built
on the remained data.

Table 2. The classified field collected data basexh the homogeneous patterns.

Land cover units Sub land covers / Descriptions

Grasses & Grass Likes  Areas which were covereddng ihan 20% grass or grass-like plants

Forbs Areas which were covered by more than 2%tahts (most of the sites have lower than 2% &antopy caver)
Shrubs Areas which were covered by more than 54bSlyrplants

Trees Areas which were covered by more than 208ttiants

Total canopy cover Areas which were covered by ntizaie 20% canopy covers

Litter Areas which were covered by more than 2% (most of the sites have lower than 2% litterer)

Stone & out crops Areas which were covered by rituaia 20% stone & out crops

Bare soil Areas which were covered by more than ba% soils

RESULTS AND DISCUSSION

NDVI maps derived from images

The collected sample points and Landsat EPRIO2, as an example, is shown in Figure 3. Acogrtt this Figure,
there is no considerable water body and snow orstihdy area in the times of acquired images; howsuene

small cloud can be seen on the image, which wensidered in NDVI interpretation. Moreover, Hyrcamiforest,

Meadows (short & high) and Garden and Wild treeth wbout 100% canopy cover are considerable orirttage,

which were considered in the interpretation of ND®¥$ults. As shown in Figure, according to the raacessibility
limitation, the sample locations were selected mdigg to the existing roads, thus some parts ofgan& not
properly covered by field samples. Derived NDVIs ftbree selected images are presented in Figutes64 As

Figure 4 for image 1987 (TM) shows, the NDVI vafuectuated from — 0.67 to +0.69, in Figure 5 foraige 2002
(ETM") the derived values varies from -0.44 to +0.74 anéigure 6 for image 2008 (IRS) values variesrfr®.75

to +0.27. By considering the theory of NDVI thatiea from -1 to +1, although the lowest valueshireé produced
maps by existing cloud are acceptable, by inteagicet of these produced maps using the NDVI, tlageeno 100%
canopy cover at the study area. For bare soil agiomed the amount of NDVI varies from -0.25 to®ih three

selected images. However, from the field collectath and existing forest area with 100% canopy rc(igrcanian

forest, Garden & Wild trees, etc/ Figure 3) theidit} of the NDVI maps for TM, ETM and IRS P6LISSIII
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imagery in applying to such area is questionabterseds more investigation.

Legend
= Sample points
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Figure 3. Landsat ETM" 2000, location of sample points, dry farming andriigated farming visually cannot discriminate by cansidering
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small extent and mixed pattern.

0o 5 10 20 30

Figure 4. Derived NDVI for the study area from Landsat TM 1987 (a small part of the Khalkhal County insouth west of the image are

not included)

The accuracy of derived NDVI, depended on manyessincluding the familiarity of the analyst withet pattern
and distribution of different land cover componefgg. woodland, shrubland, etc), as well as famiili with their
spectral and spatial patterns on the remote sernsiagery. Overall, by considering the summary offasion
matrices (Table 3) results were unacceptable, wimiehans using IRS images for different indices @nateas such
Khalkhal county more consideration are required.
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Figure 5. Derived NDVI for the study area from Landsat ETM*2002
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Figure 6. Derived NDVI for the study area using IRS2008 image (there is some cloud, which were considd in the analysis)

Table 3. Summary of confusion matrices for the redts of overall accuracy and Kappa statistics of reaNDVI (non-scaled) from derived
image and scaled NDVI values for the produced map#bbreviations in Table used are: P= Producer accucy; U= User accuracy; OA=

Overall Accuracy; K= Kappa statistics.

Images
30/09/1987 29/07/2002 26/05/2008
Pre-defined class name ~ Real NDVI  Modified NDVI  Real NDVI ~ Modified NDVI ~ Real NDVI  Modified NDVI
(non-scaled) (Scaled) (non-scaled) (Scaled) (non-scaled) (Scaled)
P(%) U®%) P((%) U®%) P(%) U%) P®%) U®%) P(®%) U%) P((%) U (%)
Bare ground 33 33 43 41 34 31 44 44 35 33 44 45
Stone 35 31 45 44 35 36 46 46 37 35 48 47
Liter 9 11 39 36 14 13 38 35 13 17 39 42
Total canopy cover 22 23 25 30 28 27 28 23 30 29 30 30
Tree canopy 27 26 7 8 27 31 25 33 28 26 26 25
Shrubs canopy 5 8 55 50 13 10 49 52 14 16 34 35
Forbs canopy 8 9 56 54 11 15 56 52 13 12 58 58
Grasses & Grass likes canopy 25 23 28 32 25 28 32 4 325 28 39 39
OA =21% OA =31% OA =28% OA =30% OA =29% OA =34%
K =0.20 K =0.32 K =0.28 K =0.34 K =0.29 K =0.34

Results of calculated NDVI from extracted Pixels vdield collected data
A. Results based on field collected data (raw data Eterogeneous data) and correlation analysis

Results of correlation for NDVIs calculated fromtraxcted 4x4 pixels of each image and land coverpegsented
in Table 4 and as an example, Figure 7 shows tlagimeship between total canopy cover and NDVI ealn

Landsat TM imagery of 1987.

Scholars Research Library

5500



Ardavan Ghorbani et al

Annals of Biological Research, 2012, 3 (12):5494-5503

Table 4. Correlation results between fields colleet] data and the NDVI, which all are not significant

Images

Land/Canopy cover 30/09/1987 29/07/2002 26/05/2008
Grasses & Grass likes  0.00 0.00 0.002
Forbs 0.026 0.006 0.013
Shrubs 0.012 0.004 0.018
Tree 0.00005 0.003 0.00005
Total canopy cover 0.003 0.007 0.011
Liter 0.00005 0.007 0.004
Stone 0.002 0.001 0.001
Bare soil 0.002 0.00 0.002
0.7
05 y = 0.0004x + 0.0182 : e
* R2=0.0114 g

0.3

NDVI

0.1

Canopy cover

Figure 7. Relationship between total canopy covema NDVI value in Landsat TM imagery 1987, as an exaple.

B. Results based on classified field collected data @correlation analysis

Results of relationships between classified fiedlected data and NDVI extracted from 4x4 pixelsath images
are presented in Table 5. As can be seen from Tabteclation between field and image data are awpd about
75% in comparison with raw field collected datae3$é results are contrast with the results of ddriNBVI from

the image. It means these results support the aéiprevious studies, which if the image scenedtelogeneous,
digital image interpretation cannot produce a goesiilt. However, by reducing the heterogeneity,silgaificance

of relationship has increasingly are improved.

Table 5. Results of correlation analysis between ND and categorized land cover attributes (**p>1%, * P>5% and ns= non-significant.

Land covers Sensors R?
Grasses & Grass likes TM1987 0.12¢
ETM'2002 0.10™
IRS2008 0.18
Forbs TM1987 0.11™
ETM'2002 0.11™
IRS2008 0.19
Shrubs TM1987 0.29
ETM'2002 0.43"
IRS2008 0.31
Trees TM1987 0.57
ETM*2002 0.64
IRS2008 0.71
Total canopy cover  TM1987 0.26"
ETM*2002 0.27°
IRS2008 0.21
Litters TM1987 0.21™
ETM™2002 0.48
IRS2008  0.26™
Stone TM1987 -0.53
ETM*2002 0.5T
IRS2008 0.50
Bare soil TM1987 0.76"
ETM*2002 0.75
IRS2008  -0.75

There is different value of NDVI for each image,igthwere taken in different time of the year. Thasults support
the finding of Rundquist [48] which NDVI vales afted by different season of the year. By considgttire source of
errors such as error of interpreter, field datdectibn, geometric and atmospheric correction, ety which are
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expected in any remotely- sensed method, in the NfaY also affect, however the results of this gtsitbw that in
using the NDVI in the areas such as Khalkhal Caupgrticularly for canopy /land cover mapping byfatient
purposes, particularly for a secondary analysishsag using the NDVI map for erosion, sediment, dloetc
estimation more caution should be considered. Qeagt if the NDVI is used for canopy caver mapaotion, the
accuracy assessment process should be consideredx&mple, Amirian [2] and Esmali and Ghorbani][h@ve
been used the NDVI, however there are no evidehaeauracy assessment process in their works.

Overall as Jiang et al. [32] reported, there axiahy perspectives and discrepancies on the twteceissues of the
relationship between NDVI and fractional vegetatmover and the scale effect of NDVI. The principlehind
derivation of fractional vegetation cover from NDj4 to relate the NDVI of mixed pixels to referens®VI
values, such as the NDVIs of dense vegetation amnd &oil, assuming the individual component NDW\isrixed
pixels can be represented by these reference NINAwever, even if component NDVIs can be estimaedhe
reference NDVI without error, there are still s@sof uncertainty caused by the scale effect of NiDVetrieving
vegetation fraction from NDVI. NDVI of mixed pixelsnd that of the components in mixed pixels areatdhe
same spatial scale, as the former is at pixel sedide the latter is at sub pixel scale. It rensaimclear the extent to
which the pixel scale NDVI corresponds to the siXelpscale NDVI and what possible relationshipssekietween
them. The relationship between NDVI and fractioredetation cover appears to be directly influencgdhe scale
effect of NDVI and an understanding of this effecessential to understanding the relationship eetwWNDVI and
fractional vegetation cover, and for accurate egtiis of vegetation fraction.

As Rundquist [48] reported NDVI has been criticizeecause of its sensitivity to atmospheric cond#tiand
substrate reflectivity, as well as its insensifitib increases in vegetation biomass past partitofasholds. Yet, the
use of NDVI remains widespread and is attractiveabse of the ease with which it is calculateditémdture, there is
also evidence that NDVI cannot be accurately temséd between field and satellite scales in a lifieshion [42,
24]. Indeed, there is little knowledge of interan8 between spatial heterogeneity in a photosyntieahopy and
spatial scale of measurement, although researehrerdeginning to address such issues [42, 23].eThedude
dissimilarities in canopy background (i.e. subsfra&flectance characteristics: the presence 6fliteer, senescent
(i.e. standing dead) vegetation, and woody materéhfferences in green vegetation coverage, dergiometry and
phenology; short and long-term climate variatioanapy bi-directional reflectance properties; anchticsting
management practices [27]. There also some otheesswhich reported by previous studies that eaflNDVI
complicated. These complication related to nonlirsgmtial and temporal variations in the spectriximg of green
vegetation and soil background [27], litter andndiag dead vegetation [52], canopy shadows [10pplexities
associated with atmospheric attenuation[35], and-Sensor—target geometry [38].

To sum up by considering the results, the NDVI hasignificant capability to detect different cagbfand covers
in Khalkhal County by the common procedure. Thyscbnsidering land/canopy cover variation and plagioal
variation the NDVI is not a suitable index for thégion. By considering some preliminary study sihg the NDVI
based on each land covers, the relationships ¢d fiellected data and image information are sigaifitly
increased. Thus by considering these results, d)qdbgical consideration using the NDVI is necegstire way of
considering to phenology is that to select imagesetd on elevation categories. Thus further stumjesonsidering
1) Increasing the sample sites; 2) Testing diffen@ages and sensors; 3) Testing other indiceBefiving possible
new indices; 5) Testing segmentation or phsiogonotype based indices; and 6) Testing altitude based
phenological based indices are required.
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