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Introduction

Rice is the fourth most consumed grain worldwide. In recent years, monitoring the area under rice
cultivation; as a strategic crop in Gilan province has become more important because of the uncontrolled
migration of residents of the southern provinces to it. Remote sensing is one of the practical tools to study the
trend of changes in the area under cultivation of agricultural and horticultural products on a large scale and in a
short time. This technique can help policymakers to make true and timely decisions. The aim of this study is to
estimate the area under rice cultivation in Kiashahr county of Gilan province.

Materials and Methods

The images of the TM sensor of Landsat 5 satellite and the OLI sensor of Landsat 8 satellite were used to
prepare land use maps. First, geometric and atmospheric corrections were made to the images. Then, supervised
classification using the maximum likelihood algorithm was used to prepare land use maps for each year. Seven
main classes/land covers, based on the available data of the area were determined: rice-land, semi-dense forest,
sparse forest, built-up area (towns and other urbanized areas), waterbody, sandy area and other areas. Then, the
area of each land use was calculated by GIS, and their changes were compared.

Results and Discussion

Overall accuracy and kappa coefficient of classification were 98.45% and 0.98 for 2000, 97.59% and 0.97 for
2010, and 98.72% and 0.98 for 2020, respectively. According to the results, rice land area decreased by 4.42%
from 2000 to 2010. It also had a decrease of 2.64% between 2010 and 2020. In total, rice lands decreased by
6.94% between 2000 and 2020, so its area has decreased to 10311.69 hectares. This downward trend can be due
to the conversion of rice land to the built-up area. The area of semi-dense forest decreased by 47.48% between
2000 and 2010, but its downward trend decreased to 26.36% between 2010 and 2020. In total, semi-dense forest
area decreases by 61.32%, equal to 682.25 hectares over a period of 20 years. This is due to the uncontrolled
cutting of trees and the change of land use from semi-dense forests to sparse forests and built-up areas. Also,
during this period, built-up areas and sparse forests have grown by 67.94% and 18.73%, respectively. But, semi-
dense forests, water bodies and sandy areas have decreased by 61.32%, 4.91% and 61.48%, respectively.

Conclusion

The reduction rate in the area of rice land and semi-dense forest classes between 2010 and 2020 was lower
than the ten-year period before, which can be attributed to the adoption of restrictive laws and more inspections
by relevant organizations. However, the downward trends in these land uses have continued over the past
decade. Meanwhile, the increase of 67.94% of built-up lands indicates that the lost lands in the forest and rice
land classes have been converted into the built-up area. The rate of land-use change in the built-up class has the
highest rate among the studied classes. This result indicates the need for serious attention to land-use change in
the rural area more than before. Another point is that there was a growth in sparse forests between 2000 and
2010, and then a reverse trend was observed between 2010 and 2020, which shows that in a period of 10 years,
deforestation has taken place, and in 10 years later, the lands from these destructions have been converted to the
built-up area. As a result, serious attention to natural resource organizations is necessary. It is considered that
there was a deliberate destruction of forests over time with the aim of personal profit.

Keywords: Land use, Maximum likelihood, Sparse forest, Supervised classification


https://jame.um.ac.ir/
mailto:rahimi_a@guilan.ac.ir
https://doi.org/10.22067/jam.2021.69174.1025
https://doi.org/10.22067/jam.2021.69174.1025
https://jame.um.ac.ir/journal/about?lang=en
https://jame.um.ac.ir/journal/about?lang=en
https://www.orcid.org/0000-0002-3547-0403

B

O ISAe i pan!

S309LeS s iilo 4 pid
https://jame.um.ac.ir

A

BIB-BYY (o NF+) (liano oF o lods Y il

,jajlw&ﬁj&glkub%|wy o3\aiul b o iS5 mhae Al

Yoo Y 'S = 1

WA - el )b

AAERYER FRL S SR Oy

2SS

sl oisS o5 g g sbaes 1> (L g (550918 Y g CutS 5 s Sy gy (g2 sl el sla il S (S 090 3] Gtomies
o5 oS 5 s (ppe3S o byl (stalllnn A5l ALE Bgads 5 pusns Sloass A5l so «oledMb] ol 51 LalST b IS Canls

Claaid ag3 jolateds A Cawsd o)lsnle OLI adiomins 5 0 cassd o)lsale TM odiiun yyglas jl o plowl (S il j0ilS yisw )3 @y

Ao 0nls )l (gl vk )oSUl Sl o3lisl L s (2855 Sjg0 bl 69y 2 (Srhunel] g (owdid el il A5 ool (Sl )8
Lbelizg s 3blin oS blin oS5 iz cgelias Uiz i o)) o 65 Cin L i o3 (g8 slots Jla
LS Cops g IS i b )T )8 duslie 350 ol sl Lgy g A duwlee a6 )8 51 K o Coline cdald] j3 i as (S ple 5 sl
Sl Cewdas YoV Jlo sl o/ g ZANYY g Yo Ve Jlo (clp «/AY 9 ZaYI0A ¥ o v Jlo lp +/AA § ZANKFD Jolre cud oy (candids
GVere Jlo o ke VA58 5l T Colue oS 6 ygbds 034 olyor (cumyd FIAF Lials bl Yo o5b O 50 oy o)) 48 3 ol s
163,80y Juo yd YAYY g PY/AY lieds S5 sla K 5 (SoSume sblie Clo (sl 50 ¢ piormod (Cawl odpwy VoV Jlo jo ;e V- ¥VY/FA
e 4 (o do g quls 4 degi b il Lials aoyd FVFA 9 ¥/ SVYY i ia lhawle slaang ¢ o sblie wgilaas sla S Ll

Al oo $ygp UK 0y 5wy (ol )8

3 S sl sl (S5 UK Jlais] ST 1 gadS sWsjly

B oA L Glewls 5 1o YV L S s d YAD L
Pl AL jo)ld g Lo AUV L oliwjed uioren 3
(Izaddoost, Samizadeh, Rabiei, & 15l ), 8 cam slaod,
5 ogdn oyl Cutime 9 (loliwg, (S5 Abdollahi, 2013)
51 aigy oolitwl .l aiunly (65y0liS” 4y jouiS e (g
o b, Lol gl ‘Q\ﬂcx,ﬁh A% C)'Lol syl o ely; sl e
Sl g (6)9-88 (Y ghms (355 9 oo Copde Majls 0pé
Y guame ciS ) e cpdly Sl o b ool cunlow !
S &l dgn g0 (slaanily b gdate |y Clieos g Slods Lilg5 e
e |y 55,588 (155 (Bly puslly SNl (iopan
Ziaeian ) 5,5 sl cpSeds ol (68 Sl g 03,8
Firouzabadi, Sayad Bidhendi, & Eskandari Noudeh,
ol Slys GRlil g Cumex Dy 4 9) Mgy 4 axgi L .(2009
o 3l 59ydn 9 385 CleMbl 4 5l «gjysliS” iz o S
s 9 ghaw 22l ) Joae 3Sles (e (Y guaze S
ol plobolios] plie mocs copie coge Lol Olyus
lej e i sla g, 5l edliwl L oleMbl ol op3glcuda
(Prasad, Singh, Tare, & )i (oolaidl 4o 5 3y 0 53U
O Ygmane ),m) > Kafatos, 2007; Shen et al., 2009)

doddo

poye s jl il glie g e Bpany Al o)l &

(Darvishzadeh, couwl sy Jls 0 sloyoisS )3 Hogada
Matkan, & Eskandari, 2011; FAO, 2019; Torbick,
SO Joamo opl uizes Chowdhury, Salas, & Qi, 2017)
YO dgd oS aidly o 1y oMe Sl S 5 wew JS 5l pow
Kazemi Posht Mousavi, Pirdashti, Bahmanyar, & )
Ol Jda e @ e Jgame oy As Iy (Nasiri, 2007
Y2 U Jlood 4z 300 (oLblia (o5e) wsbye g p)5 slsn
Ajith, Geethalakshmi, ) 395 o g5 Ll 0,8 5 (o> 45y
e .(Ragunath, Pazhanivelan, & Panneerselvam, 2017

OI)JJ)’La L;Lm&t;»l J.aL» 6‘_5JLQ.M) dLle;;wl 5 u.«él)l Q?.I pro oS

Wy (M5 B quimpurge (die 09,5 1)l (wlid)S (ggmmiily -

Olrl ey (S oKD g (it 09)5 bkl -Y

(Email: rahimi_a@guilan.ac.ir 2 s ol 5 — %)
https://doi.org/10.22067/jam.2021.69174.1025


mailto:rahimi_a@guilan.ac.ir
https://doi.org/10.22067/jam.2021.69174.1025
https://www.orcid.org/0000-0002-3547-0403
https://jame.um.ac.ir/

OV ol i OleSl gt jf odliswl b g0y Sl ) gl il oyl )50 g (5 yuano

Colame Algs o (g3od VIV o VEIA M sl Ly 5y
Alipour, Aghkhani, )i eess 1) e dizee Yy axe
4 , S5 —ibgh , (Abasspour-Fard, & Sepehr, 2014
5 03lizl IRS-PE (slvodls jl el S 5 pebaws 3y51 yolate
S Gjgo 93 4y g e glagh s ST L ol gunail
b ol (Eh 38 g EL) awdS 93 5 ((p2l)) )8 lib) audS
Oygo dn gindab o Jlexs) jiSlas oS &S sl )l s
T oy g S Como iyt gy awdS 5 5 awdS'cain
a3, (Younesi, Ahmadi Sani, & Sharafi, 2019) L4
INDVI) (a8 ity pasls (e o gesS) dlay
V o) sjlgale yglas 5l oad zlywl (RVI 4 'DVI SAVI
duglio s L5yl VoY o VOVl Sl ) s 0,Sles g
iy NDVI asli (o, 55§ olis ods slon Jias
ol (Yaghouti, Pazira, Amiri, & Masihabadi, 2018)
5 CiS ) o el pglate & ETMT casdd o lgale ailoj aix
sobate ol (sl b odlatnl (o359l (Jb adlate )5 g0 olS
Nuarsa, Nishio, ) ud ool dswss RGVI b &y (pis asls
Ol aS 0 A (6,500 kgt o (& Hongo, 2010
bl (Stusod op i RGVI (adls (LS by slapadls
T o g sl 38kes ol ol b 5 8l g 3,Shes
Paul, Saha, & ) 5,5 o i |y ccsby jl 18 55,5+ L
L oY gase glwlid jglaie 4y aa>s .(Hembram, 2020
5 Bmios o) 3 85 plosl SPOT 5 s lsale yslas 5l oslisl
b 030l Yy axe glys] plolid sl Aodib by, o
lacwilo g Jlais) s (il by, 93 45 3l oLt b
Yang, ) s jigp ot adlas (sl jboy 150 51y oty
TM pslas jl 500 2o o (Everitt, & Murden, 2011
5 b ealawl Lol (68 sadils jslate 4 Cundid o)lsale
Loy 139 03w g oaiic) Ui sl by Sl 35
aS gloj ol s gulss b eolaiwl (gabdads (oly oddbcllas
> Slae oy )5S0 151 09 Bl calio slas 4y (bjgel diges
Aol o LS 5ge] cladiges dlax a5 Sloj Lol Wy gt
(Li, Wang, Wang, ub e iolidl e )68 ole cds (S
odizxiw ailoj L (slaodly 5l g} 5 Hu, & Gong, 2014)

3- Overall Accuracy

4- Kappa Coefficient

5- Normalized Difference Vegetation Index
6- Soil Adjusted Vegetation Index

7- Difference Vegetation Index

8- Ratio Vegetation Index

9- Rice Growth Vegetation Index

10- Support Vector Machine

9 ol 0 (olid)S (g s b Y guazee CulS 5 o
2 S 5 o (eSS S e plool s cla g0l 5 ealat]
ol @l 5 olges 5 Cusl (Bl s €85 Gyl ol b,
G 51 2)sl 2 Gigy 5 25 0ol ;0S re (5SS e
D550 03] (035 Jgame CuiS i e Az gyl pcan 18
aip he) ol D Ortmen Wl ed L ) ol (SuSTy L
)1 oale_w! ‘039) (3R g—w D9 .A_b|9> \”.4 )l.:_.\u) u;l_u.u‘ S9
bbb oMbl abolo 5 93 jl Giow (g2 (ug Sbrsysld
shl> by o= (Ziaeian Firouzabadi et al., 2009) ¢l
ogMs 3 dgrg (LB i (sla by, p oS 039 lglyd elone
ol Copie Glaal ay o ()gld ol c0as, S5 0b5 sblse p
35l s 0359l 55 |y oMbl g jeS ploj g aja (dn
(Khatami, Mountrakis, & Stehman, 2016; Weiss, Jacob,
993 3 tomiaw 3l eolaiw] ansiS slaand > .& Duveiller, 2020)
Siliml an y93 5l o ST g adly il (65)0liS s
Cwl 04 J).\_».: Q\/}@.’XA )I d)‘.)).g AL d‘); .)ﬁ)l.{)g: 9 ).»90
(Atzberger, 2013; Chauhan, Darvishzadeh, Boschetti,
olee pled (Y g 3 Slos s Pepe, & Nelson, 2019)
Ly oo ilw i g S 1) e e (Y gaasmo
SirgS LSy 490 3l Glors (sl )8 ades Sl ¢ Jgae
(Mondal et al., 2014; Singha, Dong, Zhang, & swa
5 odd plosl wldllas gl I &y 4 aeldl jo Xiao, 2019)
S5 slada s dps sl slolaale gl 5l oolitul diej
04 4\_».'>|.)).s Ls”9L~u§ u\f9a.a.‘>m S 25 C.Em O g u.wl)l
Ll

NOAA o)|9lz>Ln AVHRR oUW )J9Lan )] U_M&B)) 50
2ol etS 5 e 25l 5 @ Jpame gabaib jglaies,
WS ioaab P9y )‘| )5]&;.9 L};.I d\).g A5 eolaswl u)/hf Qh’.w\
> Bls jgbaie ay diuiiy NDVI &iljg 2l isciu] p (S dilej
CoiS ;e (gaoyd AV/AF Bl Ll ls b it
Ansari Amoli & ) 5)l> gn 0 4 i L duolie ,d 00 dwle
O gy 5500 (g > J(Alimohammadi Sarab, 2011
bl 550l 035> Yoz )3 Lgw 5 @82 Jease 9 Sl 5 o
ol bl b ookl o ¢ yllas (ganaab b9y dw B Ol;'.wlf
5 alols opysess 5 Jleisl STas candil by g, 45 ol
b9 bg 9 @ S v (eSS Sl i (ke
(Dashti Marvili, Kamkar, & Kazemi, 2019) s ol
gac &S g Jlas! Sl sanaib g, 90 3l edliwl b o

1- Maximum Likelihood
2- Minimum Distance



VFe) (ylimno oF 0 3losds IY w655l slopiilo 45 pis  OVA

Jess ¥ YA /5 LYY 0 Y Ll Japs
ol yie Y8 ddlaio pl lawgio gla)l (V) JS5) Cunl oids 8ly
93,5 olw \?/V\O lod willls pSSbe ol Sl31 slac] pdaws
S Sk ol o duo WWOS/IYA o bl (S5,L :Sibe
Laogio 9 31,5 Lo YY (050 5 548) Jlo (slolo cp2p 5 5o Lo
S 5l /% (e 5 53) Jlo slaolo e > o> il
Naghinezhad, Saeidi Mehrvarz, Norouzi, & ) ccuwl 635
(Faridi, 2006
ouldicl oy g0 slasuly

odizmiw Yo Ve g Veoo gla Jluw poluas jl (sudos opl jo
oylsale OLI (godiomiw YV yi9ai 90 Cwdd o)lgals TM
b ealarwl (sl g,0,lS slaaids a g jaliie 4 A Cawd)
OpieS lsse slisey «yaglai (ttp://earthexplorer.usgs.gov)
Jeasdlas )50 adlate )3 g0y Jgpase 43 woi 9 (SUpl 2oy
ol 3 et () Jgan) 05 €8l )s 15 pol (i e Clus
S s CIB 3 e as o5yl o) cbaiis I adlas
Ox,x:‘_glﬁvc)l S5 o5 A 3 g D9y 0 agd VWAL (gand j0 &S
ol (slojlgale ygluas (wdid goal 5 (o) S b
csS 5 e 8L slolgnle polas (il jslaie a4 nd)S

2 do boye o)lS Ghdlds dnd g (soulsd LB (e 5L
Google Earth JLWIS 3.3 ENVI 5.3 sla)l;sle, 5 5l

A odlal Arc GIS 10.4 4 Pro 7.3.2
229kl (B3I a0k

S tagdly 9 (6 yhmes] ootz Jai I pglad calsyo cpl
)8 Cygo polal (69 y (owdin guoual Il WA ruoual
By L S USGS colw jl o 331 polad cowl ,$5 a4 p5Y
oS o] 5l Lol sl o owtin Slbousual Iy wilods ags L1T
Sldail gl il o dilojrins polal dunlis adllas oyl CGun
ol FYL ey Jds an ¥oe o pgad Jo dw pglas JolS
LYoV gVere ngad 9 9 0 435 i )0 g po pgead lyicas
(e B3 g pan; VoV gl byl &1 pgal g
wdizviw b wgs odd <S5l lise g9y » o> b3l s &
Jas el @903 g2 51 b pgead gloodls Julos 4l
@S Syg o iy canle a5 ol > 4 (Buins )y b
Bl s B SU mls ) » e Ol g sandid
TS by 35 03k S ] g g 51 ol

2- Shape file

3- Google Earth

4- Image to Image
5- Dark Subtraction

o gl asls s s 6l A Casadd olsalo OLI
3 oy 2 o2l (0§ 53 g8 S 3blie p )l polaie
5 po sl j 4 'NDWI-GSL Lasls ¢ jasls Lid duslie
9 0SMos (g 1S (o 02latusl olgS zge Jobo L 503 (93l
el ) gm citS 3blio ygl 5o Lad 5o (208
.(Sakamoto, Sprague, Okamoto, & Ishitsuka, 2018)

Ol @y CulS i aw Cumdy Gl o] sl
035y s Sl (S (il > Sl ] Jgarme S
Ol g bl (aygi g ol 3ble 15) el pl Jd
Gblie ool 4 )28 (i (slaglinl (Sl 00l J5S 5 4,00
Sy 38y g > (JLuSid oy Jdda )31 oS wil s
=l S g s oo a4 e lee Jud cpl cunlaiily
oy Eomd el ogMle Cal 0ad (GgSune 3blie 4y (j)liS
Lol by do g Gl (ag slagdind bwg 42 (il
Sl ) 5 4 pmie SlbI ato g Cumen yy slaglinl
ol 0125 by, baws (6 )lls o) sosadds ¢l
45 Cowl 0dg pSeudin (gd> 4yl sl Jlo jd Sl opl Ko,
ol ol julS o (slolin! Lol cMane 5l (S a4 o
03,5 Bglare 393 & 1) (sl gte I (5)lr a2 g5 &5 9k
ol dgzody Jdre S g Cupde 0 Jol pad il zusly .l
and iz > SlyeS cpl Wy (y 9 39290 Cundg o) (Sl
TGS gdaw (o) cdallan ol ol Bun ail o 3
2R LTVA el o e el Yo o alols Sy b
o3lisl b (IS il 5> 48,5 il s o 51 eSS i
Ol dumlie g (oldlyir GleMbl g 5 593 I omiw (65913 |
g ol bl 5l (SO ise ol el adS el wlyuss
Blas (e Sl g2y g g 039 OIS Gl (5)R85)5
Coganl plo oy ol wand)l slrelin jl (S lsisay
2l )l i o)y o35 (28 Slaal jladl oo el
5 hale slading 5 ol oSS (M ) Jols (1))
il e S0y 4 gl s (e

W95 9 319
dadlas 90 ddlais

ol ad plaslinl (¢ zoglS VY alold )5 (o (ailS Hun

o

5 Sy B0 VY NO/YE YR Y VY oldlas Jsb o

1- Normalized Difference Water Index (Spectral bands:
Green and SWIR1)


http://earthexplorer.usgs.gov/

[AAR)

@Ld‘,’.’» Ol o 1 ool b g6 Sl 5 b b o]y K0 g (g oo

A oolaiw!

T
405000

T T T T
410000 415000 420000 425000

s 390 dibate — Y JSW0
Fig.1. Location of the study area

b ) ool 590 yglat Glasuie - Jeda

Table 1- Characteristics of the images used in the classification

o,l9nle Satellite s SENSOr &,U Date
dcwwssd Landsats ™ 06/06/2000
dcwwssd Landsats ™ 02/06/2010
Acwnd) Landsat8 oLl 13/06/2020

saglal gundil
5 0ad ©)Las ganadil Sl eslojlgale pglad (andil (ol
S Jlais! Slas gy b odliiw] Jleis! oSlas oy, &
Sl osd )15 Slisios 281 55 ganail sl on 538
(Hopkins, Maclean, & Lillesand, 1988; Richards &
Wleny Sy S oSyl Jlaisl iy 0wl 5> Richards, 1999)
O 9 2980 duolona Ll (Bl 2290 la IS 1S5 4
b pebiatl o)ls 1y Jlosl o e o (XS 4 JuSo
Godarzi Mehr, Abbaspour, Ahadnezhad, & Khakbaz, )

) ol ()L cim adllas 5,90 go39ae (gl (2012

Job den )3 jam il gl)b oy sboosay (Jlonyl <l jo
g 1Sk 5> a5 398 0 (25 gy (il 3 e Bagge
o gl (Sanbil plie &8 <l Ol wile b sy Gl
e &0 & go2> i Sl e cal 4l Hho @ S5 L
Sl crs o 4 .00)5 o LS LL ya o b Sy 4 ol
2 slousy G851 2l e b (S jhuedl glallas Sis
(Bagan & Yamagata, 2012) 54 5 3L

e lled § S8 )8 (it b gl S5 sl
e e flymy OIF el ) cadllas 390 dilate i
Loy pslas sl OIF glise ot 8 odlatul (o35l oS 5
ol 003 03,91 ¥ Jgan 13 ¢ Jlo o 4

1- Optimum Index Factor



VFe) (ylimo F 0 5louds Y s> (65 y9liS s pilo 4y s DY

REPWEL N AU PP

ile s sl eolawl b .003,8 pand 3]yl polos o (b sladipy
b addllae 550 adlaie (S (68 jl 39200 slradds g &)l S5

OIF Lasls jl Jols mbls =Y J,.\e
Table 2- Results from the OIF index

Index value Lasls jlade

Year Jlw Bands guib oS 5
2000 1,4,5
2010 1,45
2020 457

62.29
62.93
8104.94

gVede Feor bl o ganaib gLl glau sl
s wilsl glbd (LIS oy oS @y polie Jolis ¥+
BT Joha > s )lf v g 0y Cono Sl
Slodds oaly 4lis
adb slaJuSy o5 298 00 002l O LY Jolir 4 a2g5 L
U ol (ol g 0390 SSE LB pp Sk plo Sl @ (2
adbate )3 gy (Sl IS (53525 g (58 (o)l
B lad g 039 SeSlie @p g)lie & a2 pn (S5 jgbas
)95 0 6Vl €y I gl gabaide Wil a8 gl b 5
g VeVe Yoo dla o lp (S Cdo i cpiron gy dalgs
Ol Gl 2o yd AAIVY 5 AV/DR AMFA L ply s ity Y-V
Ll i 5 VeVe g Voo Ve sl Jlo slp LS o po
s § oIS B j1 ol gl sl </AAF 5 /A (/AN
oo $YL 3l (el (Vb s 5 ot e Jlo 5 LS
) S8 sladigel 3929 Jdda pusse polad ) LS o s
Ol eSS ©)pa8 5 La e ool 4 Slej Hlas ) 5
Y el S )5 wndidy ol 6 elbadss il o polas
2 Coline 4 byrye polio ¢ pismad .ol odal > ioled 4 ¥ 1
sl ok &) 5 Jods 1 doys o JUiSa sy s )8 1 S,
sbdle (b 3 g p)ls 5l S pn Sl lie V g 5
DB sy 3y50 Yoo B Youn g Yo¥e BYoNe oo BYeon
S NV A J55 ol LYo er Lo 5 g8 o) ol a8 8
Dy S ooy lyadleio ol laglS IS 5l sy OA Sgus
o> ¥IEY GialS Yore G Yees Jlo 5l sl ol colus
YIEY LS LYY LYY bl o fuocen ol anil
LV Jlojlgn o2 ggoome ) sl 0351 9) 1 9y (500
4 ol ol g 039 oly—on (cdo)d £/AF al S L, VeY-

Gamdab Cas (b))l 9 i liisl

oMl (gl orlsd (slpdiges | cganail €85 b))l
I SS s gl dgeis ool clBy il Loy 0 &S A
2 higel laasses platean Lo Sy 20yd VO da oS
Loy (il 40)d YO 5 285 )13 oslatul 3)50 (satadlo
g &8y b)) W 4 Sl ) i litel gladiges (lgisas
(LS iy gl yielyl 5l eoliiwl b s (ganadds (sladids Cons
las o Tl clad s s QoS aes By LS Gy
5 g ol gandib e85 5 Sk (S 85 08,8 pbol T bis
sla s Jf & ol (gauadb Cuyd LSLQ’J‘“S‘.‘:,’. M Cons
5 S0 (S5 ] e cwndn lab pled )b oad (gauaib
LS s 355 se gl sy ile o8 285 sla gl
shola Mol oaailo S 4 o 1) (ganails €y oS ol
Cawd LS o b ¢ 30 (Mather & Ts0, 2016) 1S o duolxe
Sl Uas 5l gla il polie 5l oslail j3 ¢ IS cds 4
Sl yogs 359040 S ulf 8> o)) pogMe sl €85 dnlxe
5 S e Aasbe oaly o 5l YL |y €85 adpen 5 col
545, LS 5y wlib plad L LS upd g (IS ey o )b
2 yD B Al (glyy e s WMy 0yl e Mb
oa Sl by g )l o plai ala el 1 b djome (oS
ol =0 8lsl g Bls gllas s s slo Jgdo 50 2445 ool
Gl 45 b Sy j) cdoyd ) sl & lie 3l ellas 33,5 o
L B S oSS o 3 Jp e 5 2,50 Y
oS alxio (Jol &S aiis b Syl gdopd Bl
Alipour ) xlas 5518 (S wMS )3 olaidl 4y Jg 039y Hlaid yee
(etal., 2014

1- Producer Accuracy
2- User Accuracy

3- Commission

4- Omission
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Table 3- The classification error matrix of image using maximum likelihood method (2000)

ol gbgRe bR @ble Gble  sbaags
Sy oguildogs S5 T Slawle  nF
Rice  Semi-dense  Sparse Built-up Water  Sand Other  Total
lands forests forests areas body areas
& 2l 108 0 0 0 0 0 0 108
Rice lands
sgslae slaJSir 0 50 0 0 0 0 0 50
Semi-dense forests
S sla s 0 0 55 0 0 0 0 55
Sparse forests
5 olis 0 0 0 52 0 0 0 52
Built-up areas
ot bl 0 0 0 0 28 0 0 28
Water body
ke slacigg 0 0 0 0 0 63 7 70
Sand areas
Al 0 0 0 0 0 0 89 89
Other
S 108 50 55 52 28 63 96 452
Total
() 612l sles 0 0 0 0 10 0
Commission (%)
() s> sl 0 0 0 0 0 7.29
Omission (%)
(X) o,\....S,\.Jy Cono
Producer Accuracy 100 100 100 100 100 100 92.71
(%)
(2) )8 100 100 100 100 100 90 100
User Accuracy (%)

L <o o Kappa Coefficient = (0.981)

IS <> Overall Accuracy = (98.45 %)
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Table 4- The classification error matrix of image using maximum likelihood method (2010)
o) sbdRe sbdKe @ble @bl by

Page dgnildons S SSwe o Slawle  m
Rice  Semi-dense  Sparse Built-up Water  Sand Other  Total
lands forests forests areas body areas
@z o2l 82 0 0 2 0 0 0 84
Rice lands
spsles csla i 0 111 0 0 0 0 0 111
Semi-dense forests
S e 0 6 52 0 0 0 0 58
Sparse forests
5 Gl 0 0 0 46 0 1 0 47
Built-up areas
o blie 0 0 0 0 31 0 0 31
Water body
ke slasizg 0 0 0 2 0 18 0 20
Sand areas
b 0 0 0 0 0 0 107 107
Other
i 82 117 52 50 31 19 107 458
Total
%) @_Lo“_‘sua} 2.38 0 10.34 2.13 0 10 0
Commission (%)
() s> sl 0 5.13 0 8 0 5.26 0
Omission (%)
() oS35 cone 100 94.87 100 92 100 94.74 100
Producer Accuracy (%)
() 25 como 97.62 100 89.66 97.87 100 90 100
User Accuracy (%)
LY v o Kappa Coefficient = (0.970) S <& Overall Accuracy = (97.59 %)
Gble colun dlo Yr o5l ol )5 gaeme 10 5 0091 ol pod (g0 o Yoy u_J Gblo colus YoV UYere ol o
ol 423l ialS 1oy F/AY Jole ¢S VA/YA VIYD il S LYY L Yede laJlo p bl ccwl ausly ud,
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Table 5- The classification error matrix of image using maximum likelihood method (2020)

=l S b Gble Gble

. Aot - . T iy (W J5
3] gl dous S P w0 <! PR »
Rice Semi-dense Sparse Built-up  Water Other  Total
Sand areas
lands forests forests areas body
AN
&2 ) 116 0 0 0 0 0 0 116
Rice lands
oges_lw sl 0 48 0 0 0 0 0 48
Semi-dense forests
S5 sla S 0 1 36 0 0 0 0 37
Sparse forests
gSme Sbbe 0 0 0 43 0 1 3 47
Built-up areas
o blie 0 0 0 0 53 0 0 53
Water body
hale lasizg 0 0 0 0 0 18 0 18
Sand areas
b 0 0 0 0 0 0 73 73
Other
S 116 49 36 43 53 19 76 392
Total
() 13) sl 0 0 2.7 8.51 0 0 0
Commission (%)
() S sl 0 2.04 0 0 0 5.26 3.95
Omission (%)
() o8 sy o 100 97.96 100 100 100 94.74 96.05
Producer Accuracy (%)
(2) )5 eone 100 100 97.30 91.49 100 100 100
User Accuracy (%)
L <o o Kappa Coefficient = (0.984) S <& Overall Accuracy = (98.72 %)
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Table 6- Area of each land use in 2000, 2010 and 2020
2000 2010 2020
Area (ha) Area Area (ha) Area Area (ha)  Area (%)
(%) (%)
5_53”' 2] 11080.66 57.78 10590.85 55.22 10311.69 53.77
Rice lands
ogsildas slo S
Semi-dense 2743.19 14.30 1440.66 7.51 1060.94 5.53
forests
S sl 1490.58 7.78 1908.34 9.95 1769.76 9.23
Sparse forests
@?S““ gbts 2496.09 13.01 3314.24 17.29 4191.93 21.86
Built-up areas
ol gL 392.74 2.05 402.66 2.1 373.46 1.95
Water body
ke slacigg 23284 121 96.50 0.50 89.7 0.47
Sand areas
2l 741.63 3.87 1424.47 7.43 1380.26 7.19

Other
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Table 7- Changes in the area of each land use in 2000, 2010 and 2020

2000-2010 2010-2020 2000-2020

Area (ha) Area Area (ha) Area Area (ha)  Area (%)
(%) (%)
&r 2l 48981  -442 27916 264  -768.97 -6.94
Rice lands
ogsilaas o K>
Semi-dense  -130253  -47.48  -379.71  -26.36  -168225  -61.32
forests
S5 sl S 417.76 2803  -13858  -7.26  279.18 18.73
Sparse forests
(FoSe Gllie 81816 3278  877.68 2648 169584 67.94
Built-up areas
! gbbe 9.92 2.53 2920 725  -19.28 491
Water body
glalo sl 3634 5g56 -6.81 705  -143.5 -61.48
Sand areas
ke 68284 9207  -4422 310  638.63 86.11
Other
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