Downloaded from geographical-space.iau-ahar.ac.ir at 2:06 IRDT on Sunday June 14th 2026

L)

AV sosladd o guu gl Jls Al aaly codeal ol 3T ol&uil

YO-04ulado AY Y ,lgs bl e sLad cale sdsliliad

DOI:10.52547/GeoSpa.23.1.45

Y o)l oS 03130y s
" gl (534"
A G 0 0,y1gdko gl 3 ookl b pUiS CuiS 99 ) adaw 8 59T g
(U235 ! ok 40 353 590 axilino)

WA/ YA 5l sl WAVAVAY el s &6

oS>

LI

5 Ol CiS 55 mhau n ABle A8 S age lacdad S S ol Ol Sepl 4 s L
Dl 5 38 e el WIS e s 3 Aalp las g (Shess Soeal 1l 5 3lasil Slags s sael
J)M@isﬂjc]a‘dw:d;é‘ﬂccfj@‘Jﬁd;oj‘ﬁ‘&u&»duuij)j‘fﬁ 38 s Lol coles
L oylsale glad 5leslinal LG As aw faagsy cpl 55 10 g Slsl 3 glalles (gl)ls a5 s S e eslixd]
slol slad 3o >3 (NDVI, SAVI, DVI, GVI, IPVIL RV al8 iy sl axtls 5l eslinad 5 A oo
53 e kS iS55 s Ol lant ST, S (sduaids ol e 4 (OIF) w556 LaxLs (PCI)
bl Ao A4 51 i ol laad se Lo Sl sdalsa 2 bl 2338 55 andllaes ) se adlaie
Sdis LV 510 glakl 50 OIF ubujlcfwjjj%sjsw%,wﬁgW| add jo o 3 Waesls
52 40-41 el Jle s ¢,u§ CiS 5 e Ol &S 5l OLES S een A3 S s AYAYIVY osas
Loy ol SLSa 04T Y0V 550 (s 53 A0/Y 5 +/AY IS 35 5 LS oo b 5 4y andlaes )y 50 05 g
YYWAE 350> Sole o b Aoy 0/YE il o HSa WYEAYYY 550 oS Los)l Ol (65,5508 sl L]
oo A e sl &S G 8w Ol e S s I de e Js3 LB 4 a8 sl Dl LS

sla 5 oYL LB ) f—*fwx)clﬂwgmﬁﬁ L aag oSt el 5 Lol slaad s

Q\ﬂ‘ R Sisls SEL) )'\Wajﬁ—\
E-mail: Asadimehdill@yahoo.com (st 0 33) 0Ll (505w oS oy (g 3,5liS wlidlsn 5 O (g 85 -Y"


http://geographical-space.iau-ahar.ac.ir/article-1-3356-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 2:06 IRDT on Sunday June 14th 2026

VEOY Sl AN o lach i geu gy Jlow ¢ abidl o (SLdS pale sdoliliad 2

PRV

(Grundy et al., 2016; Keating et al., 2014; Wheeler and Von Braun, 2012) ..l asl il58l 5,5ls
crv\;f Lile JLA QYW 3 g g;w'“.Sﬁ)'C)aM s JJ,QA; UZALS Eel dl@;— mlﬁ\ﬁ Jl;-O_i\L.,
f,\;f «Sl=T51 14 .(Balkovic et al., 2014; Liu et al., 2014; Vogel and Carletto, 2012) <ol s TR
)J UT g:M.:S J") clﬂ..d w.:.!: LML’@ )),«:.5 clﬂ.w )b °j"° 9 c.«‘uf J.«JLG LSJJJL‘:“S C)YW J.:S}:
el L D535 gliE gl Wl e g 3 el Slay e ety el Sl b 5 solasl slas s el
Jymu ClS cla.u e Sl e e @Uﬁ"’ L;ﬂ_fo)'l.ul Lole o™ sla oy, 5l i A.L.Z.lf).s Al
@L:J Ol uml.& ‘)}:‘-’J‘W L;]al;.» RN e feed Lole v.}lﬂj_é slalex glyls oS JJJJS& oslaiul
L 5l asg SVsb O oV¥lsw @ f}é&lﬁjmmﬁﬁm‘)J 53 o cciiss glaolele b g (6 S Ll
e R e T R e (Ziaiean et al., 2010) 54 o & 5 (S,l5 posls b (5 .S Ll Oles
Olg= o.k...i(al;u'\ LSL‘“J:'-“)}; Sl a0 sed Lo aalsl s oS Ul eslaal glo sl sale s slas 3l flfﬁe slaosls Odal
wﬁﬁ)ch.ﬂfl.uj‘mogawaetd (1997) S 1 M‘j} c)u‘ J)*M‘:"‘“Sﬁ.)ch“\"%b BE) U‘J‘,’,‘j
Sl s 4 a8 el ol Sl 0T el s sy Sl s lsly slaesls 3l eslinal b g J pass
Sleslaal b By ol cl V_A‘Jﬁ ol Gl s Ol (s Lol i e 55 aS sl pslal Cue 4 ax g
\'43 QL@)— me- (\‘HO—\‘\\/') L;l,JUm 092 > aS b‘b QL.:,.} c»l:_! M}-‘bﬁ LSJJ)L":“S QYW CA-’:\AS
0 CA.,\LSJ{_J Ck.w J.'Ls.ﬁ BE Lol azils u,:..,b.e\ M)J \YY ‘_;:.‘J.G b‘).a J"‘jj; JS} M)b AV 4-"]‘*’ ..LaT)b ‘M)J
ﬂJLU u;l.:))‘ e Kumbhar (2011) el ails U""'»I\JS‘ Loy Yo L@.J oﬂi‘« Bl rJ..f Lol odas J)M
jC,;'-‘bﬁMjboﬁjrﬁj&‘éﬂxdu&)'))ubvw wﬁjch.ﬂdijSP u.e;-u
J\.Jﬂjt,aj )‘ eJLL‘.'.w‘L'Khan et al (2016) .,\...I:L:dn )‘JL.M QT J\:jjjj rv\j C,\...';Sﬂj cﬁw Q\ﬂ L: QT fﬁj"
| LSKa YV 0 u.]\.)..:p LSLM.})N' LS JJJJS Jjﬂﬁ S VY s u t.k:f c,...':SJw' cla..» Colos
¢J;_<T ClS s ck-w ;,)Tﬁ « Rapid Eye slaesls 5 cow &, slas 31 eslixal L Khan et al (2018) .c.xls
Sl 6 oax b o W bl oS Ldew) 4 pl 4 Ol et 5 OleasSh Ol s 4l


http://geographical-space.iau-ahar.ac.ir/article-1-3356-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 2:06 IRDT on Sunday June 14th 2026

ey e a0y gale i glai 3 ouliion b puiS CuliS ) edoca 5 9T s

« Sanaei Nejad et al (2007) :5 5 0 o,Lal 0T 51 3,50 i 4 &5 ol as Selel 5 &y gony Glllas 3
Olee Olial.dzstls  TERRA o)l gale o glias 31 eslinal b (g 505 Olul 5= Oliul s rxfg;:sﬁjcawjﬁ
sler ST b alie 53 45 Waged 5500 SUSa VYW (g5, Ol Dbl s 1y pkiS 2S5 o
53 Jpame SIS 5wl 5,50 4 Abaszadeh et al (2012) .ol o35 taS doys 0710 3pd (55,5
L osnslotomn ol 5l sdslcowsss b el IRS_LISS HE wile dir o slad 51 eslizad b s 33 Ol
Sl ees Sobos 3505 55 Ghos YO a5 oS 23S 13 alie 355 5slS sl olis slaesls
Alipour et .3l 3 g 5 o5 oS CuiS Cod gl i) Slee 53 Gl V8 L;Ats,&%xfw.s@a
Lzt s A ojlgale nslal Sl eslinal b g3osliS Y pame iS5 s s 4 al (2014)
Conily e a0 5 Jlel Sl Gy 4 gdoaab el 3l eddailne CiS 5 éa.w she=ls
Colos s Okl 53 35350 glacals Sledbl b dos VE/Y 5 VVA lawgie OVl Lo 5 @
L Olyie; olS &oiS 5 mbaw s 4 Rahimzadegan and Pourgholam (2017) .5 cpass 15 &Y sames
Sl AL i lapartle il b Ol il e Ol et 3 o sl Sl eslind
sl Dbl b aglie 53 oS A3l e S8 VIVA 4 dmCa 5 3 Oldes CiS 55 e oS didews 4
sbls slulis 4 Pourgholam and Rahim-Zadegan (2016) .das o 0L |y sdo ;s V/0 gl (g5, 5LiS
L odalimnsay gl OLal dastls a5 adlaie 53 A o ) glas Sl eslizal b s olS 2S5
sl 5 aglie 5550 (555LES slem Solis o s AY-AY wallesyge ol Jle 4 by e sddadl)) gla b
Farzadmehr and Tabaki .sls e 0l 1) s CiS Cod glagme) Comlun 3,50 55 oy VE il &S
dod a5 3 Olde Jpame SIS 5 e 3810 4 A e ad sl 5l eslizad L Bajestani (2018)
aydeCo S s Olae) Jswese CUAS L Chw Slp A cw W sl 5l s ol st
Slpe h i g Lol Sl couls s YY oo L 63,5l sl Sbl L oaS sp ke Va0 /80VY
xS A5 55 Juss) Ol 03 b 5 2y 0 ol el 53 kS pae Comal 5 5l 5 4 s e
Ol Jlad and 53 A S W ojlpale bl 5l eslinad b paiS o285 e 380 ash ol Gda

sl lllaes ) go dilaie elans r.xf@jj} SAS| il ag 5 Jos)

axlllans ; g ailese

‘Lf‘J§ c)‘j.mcd.:; ‘JL".’J)\ LSLAOL:.«UJ.@.».; J.ALS: J:.rb)‘ Qt.w\ JL@.& 4.‘».:4 Jiﬁj}! U’i‘ DL WP .))).o 4\.&#
Ol o dlad 55 mm 2o sk WAOY il gl b syl Dbl a3l go LT sl 5 ool gbcnSiin
o dled 5l el @};i)f sledlcaas 31 EA/00 B EVYY 3 Jgb 5 YA/EY U TV/ES Jli o e

S Ol bl 4 e 5l Ol Oll 4 s Sl OSSOkl 4 G Sl Ol (6 seer


http://geographical-space.iau-ahar.ac.ir/article-1-3356-en.html

Downloaded from geographical-space.iau-ahar.ac.ir at 2:06 IRDT on Sunday June 14th 2026

VEY g A o jlach (a gen g Jha « alsdl yha sLd sale (saoliliad A

li).ﬁ CEM )‘J:A VYV B EVYY g_,.;JS 40D gdse U'i‘ BE) QLGL&J)\ J}‘J}- )JA‘S‘J}- .0\ Jg—&) Sl ov\.i:)v\m

47°15'0'E 48°0'0"E 48°45'0"E 49°30'0"E 51°0'0"E 62°0'0"E
4
o z
4 F
2 8
3 8
z
Fa =3
=3 =}
° ~
> o~
o~
z
=)
T -
3 ) S
2 o
2 < Laia)
c ‘ 0 200 400 800 1,200 1,600 B ‘ 3
- C3 Flallaa 53 gaaa
47°15'0"E 48°0'0"E 48°45'0"E 49°30'0"E 48°0'0"E 50°0'0"E

N&w:)}e 83 gd>we A JS.&
Figure 1: Study area
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DVI (Bs —B,) Jordan, 1969
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Figure 2: The best band composition created based on the OIF index
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Figure 4: Wheat cultivation areas based on maximum likelihood algorithm classification
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Abstract

Considering that Ardabil province is one of the important centers of wheat cultivation,
determining the level of cultivation in economic and political programs will be of special
importance and can ensure the country's food security. But in the past, most traditional
methods, such as field measurement, etc., which had many errors, were used to determine the
level of crop cultivation. Therefore, in this study, it was tried to estimate the level of wheat
cultivation in the study area using Landsat 8 satellite images, and using vegetation index
(NDVI, SAVI, DVI, GVI, IPVI, RVI), analysis of the Principal components analysis (PClI),
Optimum Index Factor (OIF) with Classification of Maximum likelihood. Based on the
results obtained from the analysis of Principal components analysis, more than 99% of the
data variance was explained in the three main components, and the best color combination
extracted from the OIF index was determined as bands 5, 6, and 7 with the numerical value of
8383.73. Also, the results showed that the level of wheat cultivation in the 94-95 crop year in
the study area with kappa coefficient and overall accuracy of 0.87 and 95.2%, respectively, is
about 59203.07 hectares and with the statistics of agricultural Jahad in Ardabil province,
which It is about 62480.21 hectares and has a difference of 5.24% or in other words about
3277.14hectares, which seems to be acceptable. Therefore, it can be concluded that Landsat 8
images can analyze the Principal components analysis and the optimal factor index in
determining the area under wheat cultivation.

Keywords: Wheat, Cultivation, Principal component analysis, Landsat, Ardabil.

Introduction

Global climate change has reduced the yield and even cultivation of some major crops such as
wheat, barley, and rice. Therefore, since wheat is one of the most important human food
sources and Ardabil province, especially Moghan plain, it is one of the main areas in the
production of agricultural products such as wheat, etc., determining the level of cultivation
will be of special importance in planning economic and political, and it can provide food
security for the country. In the past, more than traditional methods such as field
measurements, etc., were used to determine the level of crop cultivation that had many errors,
but satellite imagery was used with the advancement of remote sensing capabilities and timely
provision of data. In the following, some of the studies conducted in the world and Iran about
the level of crop cultivation will be mentioned: Ogawa et al. (1997), Rudel et al. (2009),
Kumbhar (2011).
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The study area

The study area, in this study, is the northern part of Ardebil province including, Ardebil,
Billesavar, Girmi, Meshkinshahr, Namin, and Parsabad cities. Ardebil province is located in
the northwest of Iran, with an area of 17953 square kilometers, which includes about 1.09
percent of the total area of the country.

Research Methodology

In the present study, Landsat 8 was used in path 167 and row 33 on 10/8/2015 that is due to
the coincidence with the period of cultivating and harvesting wheat in the region. To
understand the wheat cultivation sites in the study area, it was referred to the Agricultural
Jahad Department of Ardebil Province, and approximate plant cultivars were identified. After
identification of the wheat cultivation sites, it was attempted to preprocess and prepare the
image for applying the desired vegetation indices (NDVI, SAVI, DVI, GVI, IPVI, RVI) on it,
as well as analysis of the Principle Component Analysis (PCA) along with determination the
best color mix of the Optimum Factor Index (OIF).

Vegetation indices

Vegetation indices have many uses in the measurement, and the purpose of extracting each of
these indicators is to predict and evaluate plant characteristics such as canopy cover, biomass,
leaf area, or vegetation percentage. These indices are a series of math operations that are
applied between bands and are very useful in identifying areas with different ranges.
Accordingly, in the present study, were used of infrared, red, and green bands of Landsat 8 in
the ENVI 4.8 environment and were extracted the vegetation indices.

Principal component analysis

One of the most valuable results of linear algebra is the investigation of the principal
component analysis, which is a simple and non-parametric data extraction method for
confusing sets. In the analysis of principal components, data sifted from a high-dimensional
space into a low-dimensional space. A principal component analysis is used to reduce the
number of parameters, to simplify the examination of the features in lower bits, and more than
90% of the image information is usually compressed in the first three components.

Maximum likelihood algorithm classification

The maximum likelihood method is the most accurate and most widely used method among
other supervised classification methods. The maximum likelihood method evaluates the
variance and covariance of classes. For this, it is assumed that all educational areas have a
normal distribution.

Results and discussion

After referring to the Agricultural Jahad Department of Ardebil province, wheat cultivars
were identified in the study area. Then we proceeded to preprocess and prepare the desired
image for applying the vegetation indices on it, as well as analysis of the Principal component
analysis along with determining the best color combination of the optimum factor index. An
OIF analysis was performed to determine the best false-color combination from Landsat 1 to
7 bands, and the best color combination was used to detect the complications and phenomena
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in the study area, which most researchers considered to be desirable to determine the false-
color combination. After obtaining the best bands and the peak of chlorophyll wheat is harvest
time in the study area (August), has attempted to obtain indices of vegetation, including
(NDVI, SAVI, DVI, GVI, IPVI, RVI) (Fig. 3). Using these indicators helps to reveal and
improve the characteristics of vegetation in a better image Identification and study. Finally, in
the present study, the method of classification of the maximum likelihood algorithm with a
coefficient of kappa of 0.87 and a general accuracy of 95.2% was used to identify the areas
under cultivation of wheat in the studied area (Fig. 5). Then was extracted using ArcGIS
software, the area under wheat in the crop year 94-95 in the study area whose value is 59203.
07 hectares and with the statistics of agricultural Jahad in Ardebil province, which is about
62480.21 hectares, it is 5.24% or about 3277.14 hectares, which seems to be acceptable.

Conclusion

Probably one of the earliest humanely cultivated plants is wheat, therefore considered to be
the most important crop, and the primary food is mostly the people of the world. According to
these conditions, estimating the cultivation area of this crop is very important and can help
authorities in planning and planning related to the food security basin. Therefore, it is very
important to have speed and accuracy in such evaluations, which is a measure of remote
sensing. The best time to determine wheat cultivars in Ardabil city in August and September,
most of which are under wheat cultivation and have a good reflection on the infrared and red
ranges and rarely, other crops are found, so less interference occurs in reflections. The results
of this study showed that Landsat 8 satellite imagery was relatively good in determining or
estimating the area under wheat cultivation (about 59203.07 hectares) with an error of about
5% Compared with the statistics of agricultural Jahad in Ardebil province (about 3277.14
hectares).
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