Lad oLl i i lol alxo
OlendS oKLl chdgh — oode dolidlad
OY-57 :Olrio [ VWA Gliws) [ ke g (o Jodowo 05louls [t JLw

Sloww a3 ookl b (0131 (5 99315 (59531 9 (T g Ol gl (L 5!
ovlobw (s> ¥ gy T 0395 38 oy g

\d . . + 5 Y B e E3 ne .
oulj Sloas B9y ¢ Suun AT yo a5 ,IBS s
oyl olKils (055l 5 &5y 09,5 Lol
dpag )l olKils ¢ o jusul cwiige .x.;":jwb..ﬁ)lfv
Shos )l Base olSiils (050 § @0 09,5 Jbobial

WWASNYIY « 55 mds 2o b YWAZIOITY il jo 5,6

oS

Slacasgame dy azg pae (2l )5 ;esd B s Slul slaccdlad Sl 5151 S 059 54l
b SlaptnagS| 2 (s0ad arradon; Sl 5 035 NS5l lanme sloms 2 o5 Canl G laiona
olwlis aas o il dl ]y o glhasil g SoST, g 2alS |, and slo do e Cog dlins opl 5,00
i ol Bl (65558 5yl cdarme 5 Ll Blie LLS S50 (6l el ()l Sl
o Slos (sl azmi jloslinal g 90 5l o S8 4 sla Vg (Sl (S X i L)
408 1y 00,5 0 Ik g Cuz 50 e Sipaelin Eel o 5l (T a5 cesl Wl YE iloj ol o
L g o3 oolawl V-V # Jlo Landsat8 5 Y44Y Jls Landsatd slo,lgale polas 51 ool)1 (0,15 ais
yedate du .o plodl gunadds (! gunail sla g, oy i3m0 3l a5 Maximum Likelihood g,
ail> 051,35 (PD) aSJ o515 (NP oSJ slass sla a1 Gloj o3 ol 5o (o2l)) gy Ol ks (o) 2
O3 (Slogmes JSC amins 5 (LPD) &8 (55,52 amies «(PLAND) (5105 o (sloges iy 00, (ED)
o S aeins a8 (52555 a8 o515 daaS oluas slovazein 51 5 (oIS o 50 (LS
Fragstats 4.2 )|58l0,5 15 ye) o (Slosws gl ;0 (CONTAG) (Kiwsgy o (SHDI) (ygilis £455 ¢ yoy o
A 0,550, oy AY 5 AT LS e calllas 5,90 0,90 90 40 (gaiuddib (S Coro polie .o solaiul
(PD) a5 o515 pizpd sl (crnads slas )15 S5 il (NP) 48U slaws dmin (il 381 ol wlool
=2l 65 5o (sReal iol3sl sanms s a5 cewl 00 )5 lay Giulidl axlg £V 4 TV 51 Sladllas 0,90 0
|y Kosnl 4 ol aily als oo, FAUAL & PV 5l 55 o b le jolie (S LS ol ol oo
ol 00ls ol 38l axlllas 5,90 ddlaie o

=Yg Fragstats 4.2 13316 5 o 28] (650,15 (cpn )y (Slogas SIS 1 sl s lo0 59

sl Sid mhaw 5l e 3505 Wilg oo el L]
SLapinrsS] g 08 Gaa Slpss o ) e
9 65D ad anles golnj ks jlas (e
o) eSS psgie ;5 (¥ YD () Kor
o=l 4 3gi oo Dbl e 3 ol olaiul 4
ol g 009 et JLo o Gl Job o s )8
SORbS 5 (o) w75 Rl 4 jarie Dl s

doddlo
Ol b olez o390l 45 (So3slsST slag o 51 (S
Lo a5 ol (2ol 6505 s 00udy Sanl 9,400
o=l il (Hae Sl s 5l (65l wois
it o€ g piiamnn GBS Jolis a5 &l pois

h.nazarnejad@urmia.ac.ir : Jgiue ooimygs”



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo OF

s (Apan et al., 2002: 44) el ye ) s (Sloses
Sl celin slodomin (B8 yae idghy o) Slaal 5l
2 2D Sl ST oS Sl (19908 (S5
Ol et sl Vo) usul 0j9> )3 Lo Y 0,90 S5
oS 895 oge3 (5 iy () 5 ol olols
Sl asdllas )50 adlate )5 (o) Slogw SIS

S Sl
(o 42 @8ly 53 o)y Sloras o3l ple pogie
olie SCSlee Ly o aSJ 3l sledz Hlaie bg oyls
Slosw sl azmiw 09d oo 00u0l (e yw (Slosus
Slogaz 9,5 (5 ln @lopm )Nl aej e
IS slaSilige g Lo WM S Leasl e S5
slaasy &l as a3y b ;o b asiw wed oo
@b)oum‘gw@mbu&c‘éb
M&P&ch\f‘;b&mslﬁdew
ms e S | g £ 0 b 55 £
Oygodr |y (png s Slo 53 35290 sLaa S
.(McGarigal, 2015: 22) aa5 o olid 4> LS

L) 558 5 (b sl ol sl f3 s aoni
Lo dsiw ol asiwn 0, Slae 5 ,Lsle o Gu80
o=l @S gl laslio sl g 8o 5lail wilys o
Comwdy &S > 0 a S awo ploul Sl bls)f
Leitao et ) oS oo SoS yro) o 4l (550,400
lize 4 o)y (Sloww ,L5Lu (al., 2006:31
Sl 555 )5 Sy K2 Ly G S 555
JEEIERSEN P PR SO N0 P I
@bdd g5 9 S 5 Sl 03 ey (Slos

1. Landscape
2. Patch
3. Class

L op)lee 5 )lten sl crlpbs 035500 s
Tee S0 5 bl a5l 68 Sl ol
el ] c—ﬂ Xy, g osdolzl slaai] g Jalse |
Frol me S)ge & ey G s pol> b o
iz el 3yl S bolis Bl S)ns 3 5eto
i 5 g 5 o L oo )l s i oS
05 (o0 Dyge e S latusgaze (385
ot 3 el (ool Ghlidl s o e gy 0,
Slocms) ol B Lo Sz I (g v (58,
9 LonsS (S (ot sladew g589 55,9l
ool e oo 5l AL LL Slly lapinsS]
610 0t S p3U sl gy Jlesl 5 (S5l it
AT GhlLSen 5 (s9wge) 0l s Lo )5
adgl bl Sy )3 )5 DS (o (O
Sl Olo=e a il oo Lo s Wiy (51 5
Spde b e (6 )aelip g Co e Soz 50 Miedge
JLs (Y5 AYAY ()L San 5 (5 pnllae) 55,5 adly
Sl (o) 2 Sl (S sLah) 4]
Sl wiile L2L) idg 9 (Sl las )8
4o g Sl odgy atyjep g Sy el (o
ad (paiz 3 Loyl (Jy o)lo sl el slas )l
5 o) g 0,50 (ol oMbl ar_5d8
3 5 2lad sloosizmin bug o] loosy
599 3l o e dxwgi Jol> oS Cenl sl s
OhlLSen g 0,8 gal)) w il co 3l glaans jo
b slaocols Colild 5loslainl L .(AY A YAY
(o098 rsbal G3lon anl anugi g 55 Sl o
Sl oad wal 3 (L2605 g gy Jelod (Sl
L, 275 :2002 Weng Y0 \¥A5 ],LSan 5 lac)
sladlo ;5 559 5l Grmiow oo anngi 4 an g
9 Loagbyy = Slets ol b plsjen i 238
Ol W) ey 22 Sl £ Lo ;5N
a5 o ) cnl 5l (S el osal S92g 4 la 5 )8
O Slo (2Lad LSl (g5l (25 di;
Sl S5l (S 5 Ol 50 4 el Gl
pr2 o adlaite K4 )3 (e S )0 b (e
b amis S o woly3 | (Wlons ),S5 gelie



[

Ol g 9135, cue

» 1 ogslel sla i @ o585 (Solen
Gy 50 2o Hlebl g aisged (cwyp ) Ligay,
3y UKoz ) 5 e oy oy ool
S (Vo M) Tils g 8 .cd) aalys ol

A Gy s (S i G
Slor—w lodzmiw oS 5 5l ey SSlgiliom
ool ol (o yaw (Sloss g (NS gebas 48 (o uo
Gl aziw 0,,LS 4 Gidw; azi (pl 4y 5 00,8
SLas LS Sleetd (59,5 (505 53 (o) Sloww
el clin Jlny () s (Slosw 50 09290
s S8l a S ol i Loyl @L.J JTUEC PN
g el sl sla (6,0, o 43 Sl
ol yeSen 5 S0l el i Sl o jlasb 8
99 (s yaw (Slows S g Sloy Ol s (Y4 - A)
Loty ez 50 SuSTs 0 5 05l 5o (gimged o
Sl 45 Sidmny a4 (ol 4 g 933, sl oo
ol ol K 5 VB sl xnb sl o)y
Slorms oSe 5 00b 55 73 Jlw Sy
57 S50 asilen 15 los i S (6 sl e
Slors Lol 1 ss cuny 0 (V24 9) ] Sen
45 0 S Al ez (5955l adlaie )3 (e e
LS )0 gy Sl ot o e (Sl i
(Vo)) ohlSen 5 Sl sl o ) pos (Slae
L1y ez (Brd ooz Jolgm (ran) y slow 555
I8 o 0590 (e yan (Lo slodzeins loolazul
= s o b o aS ain S gl g wols
Oy o Slom (b 4S5 4SS & ymie a5 glaoil
OhLSen 7 i el 00,5 law il 08,5
o 2l (i s Se s (V)
PO I N P S L | SR DS SCH JOUFE PR
=2bl o e Sy, (iSTy (g e Sleldl
9 sholei Lo e ol bLs )l g 55,5Le8
S N E W PR E R T PER W L R Wty
5 65iS (ol o L a5 Suslas g (Stwgn

4. Shi & Xiao
5. Tang

6. Deng

7. Hung

8. Fiener

5 Slasin oS 5 w85 pwyp s Sl ol
S oyl (nl 3l g asin o |y 008 g 0515 laasy
e 3l i lSal |y (Keals g iy
Slomw SO o ol Lidgy gleil olad Slasin
9 2ldd g9 4o 9 WS (o0 5L 1y el e e
M_AAJ‘ Jos_.!).o o)‘d._:‘ 9 JL.» k)_..c Lmd._wi] (é_mM
oS s, (Forman & Godron, 1986:110)
Sl ) jole oldd ayie 5 oS 5
LgLo...\_m 6Lbd.}b._~u )‘ oolaz d—’flc )l LJ"“A))_M“
Slbls | ol pss g Lmo] Oleo Ol ¢ yue ) uw
SS9 s 9 Su e (pea ) Ol (oo Ol b
acgazo (VAA NTYAL ) L_Son 5 o—ilnd)
gol e 5l S 2 g0 4o Joliie L bl )|
S R0 So L obie (ol Gl g (oo o (Sl—oims
Gloaw 0, Sloe 95 g (65,50 woalo b > &,k
il 55 gl 0525 b Bl )0 gt
3 ¢ l—swo .(Inkoom et al, 2018: 117) el
clasls 4 ‘é_’;zmb 5 ey Lyl s ol
3 el il d gy Gz g auua> lods gl

.(Niesterowicz & Stepinski, 2016: 20)

slogipgig o=l s Oz 5o w3 sle Jlo o

S Sy o8l Dlyis b3l 6y » gouate
Slowws sloaziw 5l 65,5 4 L ol 6,8
15 s oms aloz ol 5185 sl o plamil e oo
(Ve 0) e o 7 ugylas gy 4 ol e
5 &9 Sy (IS ol slaaziw losliul b as

1. Composition
2. Configuration
3. Debarros



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo b5

GolS aes,e leasiw 5l Lol)) udg Ol
RS ke @S o3l uSilee ST slaws ¢ ool
b 90 50 (Klios alold o 3 S0 35 lavwsin g asJ
Q—" )‘ J_.ob- C"L“" S eolaiul Oy 9 u».:ys
A S ol S g ol eases lis axdllas
0,9 b 53 $5S (a6l S i Jloo
u‘)l_i.o.b 9 gé_")" Sl 09g— a_sJlas Sy90 ‘S:LA)

oud cblas 3ble S = LK Sbj,la (1VW4F)

L B oS g ol ol Saly g Jo IS4

oS g 50 e Sl (sla dmin (655,15
wshie |5 ool s et gl waisle
Sls s (g ool 54z LS ©o> @50 slaas
9 559S (ne sl )l il dilaia 0 09290
Gl 00l 5080 5l leaST ol o 3,90 Cuels (5 0
I sley plad olyoss (WWAP) ) Ken § olo,
b il gl oot 5 ol sla s
Dged S5 (e Slegw Slaazin (65,1
g 4z 033190 1 ey (Gl Sl ynss S (gl
oddy )l (63,5liS 6 p)lS aS ol plas il

calizs bl )3 (o) s Gloan JlSlo )0 5s5 oS
O09—0S (oS g Cawl 418 )5 &0 Diglae Dl 0 L

3 ey Sloww gladomiw oolaiwl b Sl pss o5l
Ol 3 0958 el (il ogdle ayled S5 SIS
b ol Jelse s Cga 50 (6 Sl wilgy oo
Co e S iydeliy Sgge Ho (S i Sleladl &Il
Y¥ 0,90 S& o 2ol 65 S5 oS Ol poss
loolawl b (el (slaVg; usul 059> 4o allu
ey Slowmws gloasi gFragstats |l58le 5 oo Ll
yogde (yimgh ol yo ke 4 il adlaie ol yo
u‘)_u..x.: C] 00 W ‘(SA‘)‘ 6).))[5).“_:.: QS’L’))‘
i)l 55 e o Slos slaazmins B s o
SPABUC

P ‘j_w NERTON &..St Sl Jae sla,l5l o o1 bl
=yl Sl g SN Dl sy (Y01 F) )L
)_.o:j oy ;0 Al w090 So o (g5 0las
oS e jleol anul Lo 1, o > Soluls
Ol 50 45 S s g 009l (o)l Il e
3y 0e golula (g l—aS salyl ¢ giloy alold
SeS& phaiels JSTi b oo Olalad 4y g 00l ces
Gindrgy s (V10) o)) 5 7 glotwls il oo
slealainl b1y Lokl 55090 (e SL o IS
4 Oledbol 55,5 oy 0 o)y (Slogs (sl Az
sy Slowa Gldvasiw o 5l oael o
a8l azs 0 g i aSTaSS o8l saima L
5 TSl el oy Sloww o jo oLad g4
s a5 aiols Lad 0g5 il o (YY) ) en
Oy Sloo—s SsSl g (oo y Slos (515
OHlSan g olj s 5 y9nS J Sy Sl o
3 Oy Sl Slyeasd Bg, (clpgh o (VVAY)
loamiw jloslawl L ol el ol las aslais
30 SLSe Slvgas s ol lis gl wis S
7S Ngy 9 095 IS 3L adlaie Su3e0sST 0SS
p ol as asdl ali 8l e e Slogw 325
9 ;S ag 0S8 azgi S50 (e p (S y4el
5 S aad jl ool wl L, (VYY) o LS
Ol )] @l 505 gy |, S ol (555 0
SloaST slass g oads aS5aS5 b g )15 sl 45 sl
5 00w o 0> mhas ¢ iuli8l cslis Ll
Dy o—ibe S8 Ol sy 4 (VYWA0)
ool wl b jods cioed ol ypd ool 60,8
(s yye 4 W10y (an) p (Slowws (slodzin

1. Su
2. Castillo
3. Tong



oy

Ol g 9135, cue

Sble (i oldz 9 (5l 5l laVg) 0,0 05, o0
15 diaie ol sl olakas i o (6,550 5
Slasl s 4y Slpss (pgstws 3 (WL Jsbo
ol ©59y0 1 oy of Juanl sl JUI 5 Yo o
A Slasl las g o8 o ol (6 y,lS Ol
G5 ol )d A o el ooy (ol e ls
SFegkS V0 59) s L Sl Sl 68 Sl
Slaxl glx¥s) ailssg; 59) 2 oolebe (28 09
FF Cog 4 gl 4zl 10 0 (609)9 U (Comsl 0y

285 wnleS 3 sz 090 miye yaghkS

g, g lge
axllae o ygo ddilaio

S 48 g0 > gl b 62V vl 09>
Ol 5 olelw s ol ()8 05z )3 S
SHITAC Y LUl e sogame 0 oy oll,d]
FYoOA" JFF Yy Jlos o0 a0 YA
ol (V) S8 j0 oS el oago 5 #8ly 8,5 Job
Slelay )l g Loog S 31 sl=Vg) .l oa s ools
Jag jlaslol jo 0,8 o daiiz s ilog L
4zl a9 anled (oo yeee Ygj g pleSd Gliwas

(gl 4zl )d & i 5udul sloojem ) aneg)|

/

w8 ol lydT pliwl g o)lpl ) anllla 390 allaie Coprbgn ) S

2 pglal oodlhe ca S bl 1o (V) Joaz )0
i Sleseal Sy 3 Cewadd o laple o yws

G (095
ENVI 5.3 la bl 51 iy ol o
yolas .ol ool Fragstats 4.2 4 ArcGIS 10.4 .
Toae YYAQ 5 VYY) sl Jlo a4 bogy o (slolgals

sl adkin gl oolawl 550 Sloylanle polai wWlasicw ) Jouo

6‘))1'.‘.-‘ N}-"" G»M pJ}‘U ol );\f 9 uﬁ.;,é) ot o)‘}bLa
16 Aug 1992 ATVY ol e YO USGS VFANF ™ Landsat4
23 Jun 2016 \YAD LS Y USGS VPN OLI Landsat8




D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo A

a8 Sl ;55 B ans 5 ganaids (V) Joor
LS Sless 2l Giegin (nl Boa sillae
Jlw o slaVgy o wlasl slos 5 18 ool
= Gl Jlw lamie a9 oo wla =l VYAQ
Sar g J8 slooyg0 )0 (LBl 65 Sl 2]
(oilo i ade e o el a1 8 laias QT 3
@)l TGS ol Cuz sendsd laaiges
OB 5 cald Slas he, Ly g aiad
= sle by, g3 45 gataib s)lel slagbs,
Ot gpainl 50 0,8 (o0 18 JuSy bl
ools s J a3 850 Sy A DS bl
Ol am JoSoy 3o Jlozol (it a5 055 e
W00 ,5 gaudadb 4 pladl il ails sgzg WIS
Richards, 2013: 60; Abdolalizadeh et al., 2019: )
ashie ool (6,5 jaseid gl uzer (1688
Sy sl o3L GPS Lawgy ool culilsyy bl 5l
4l g o)l JIo5 adbie slagpls olulis

A 428 5 0,00 Arcbrutile il

2925 (Jo=d JB slojlgale pslal and 5l

355 3l 5 S ENVI 5.3 5310 5 Lasgs Loy
ssban o1 5 psbas Bilon Lol wlss a5 gl
o 2 oo eyl b onlsi ol 39790 JolS
Wwaxe b iUl cwiis moval (gondnl
9 bl 3 laosls L )15 (g loly slaosls sls
Sl a8 5 S5 | (e gl ity
(=2l 6 s e silebe lp i
9 08 ) (omlid) 15 Sl b il oS 5 0o e
5y S ATV Sl sl (S5 303 (sl
SIS K, oS 5 AT Jle gl g FYY L3S
slzYs; ol g, lS aid g wiads Sl OFY
S rag—oly CmdS Sl plabl g (2 5l s
odd Cls p bl pwdid Como 758 gl
2203k (GPS) Gl clocasdye oliws g
i adlie slag plS ololid ¢l (Sl
Al g oyl J565 5l oolaul V:VDe oo 315 g0
- &lds 5l loebl gl Arcbrutile sl =

2 =2l G5 G ke j0 (g loas e

(YYYAYAF () an 9 pl559) o (632U gy (giuainb (g Y Jouor

Slorus gl o
b A JA 5 Joz s slosle a8t i ol bl ibte slapSli b s gbbe |
G 5 siato Slass STye el 5 5 baoslr L o
ole cnS (Ll 5 ooz Colyy )l (g S mo (2l el 5,9t (2]
bole 5 ile 5 slais )0 (laSs: innd vyl (8 &1y B 2l
258 (2] dadlBsg) Sid g (S e isloPro 5 (S Sla T35 09 S lags; 2k 2l

9> B y2 05800 Slml (295 L 4w
la >0 ,o Land «Class Patch L5 L, (V) JSi jo

Jdoi g djo g oomlive Jil8 g 00l 0,.53 Excel
1y oo Sloss glomazis 4 azsl ol
Gloow aslio LSl el sl 560 0,LS
e bs, S 5l oolitul b calizes slo yan) pus
Slads sl ol5 ey Slows S5 48 b))
L (e slogre) o (Sloww dmlio g Suate

.(McGarigal, 2015: 49) coul il sloas ;5

slaol p olsc :Fragstats 4.2 133810 5 3 20
Slo 98l 5 Ll (33,5 (5 g1y o5 S
S8l e ol e oS (e )13 sliial 390 (o e
5 Sl oy Slogs sloazeis I (LolS asgazs
i)l @l 39S sed dbml ulide o (hogaze
S leas) cilise glaazin 5 S 555l
lalate 13 (o) yw Slosw odims JoSis L2l
5 G yinz) Consl lin Sglitie bayly 5 5 Kanls
Gli8le 5 30 (695,92 lil 4 (AD YR ), Sen



o4

Ol g 9135, cue

Fragstats 4.2 ,1381s 3 dauseo -V SO0

dubumw»u@oybjwm)lf
Lol oo (i (Simnod 4 425 5 (gl
Sloww S5 22355 5 oS 5 Gloamin 5l glasgozs
() Jooz ,o 9 Slowl agim ml Gl e
(VPO AVAY ()L 5 (ol o) 50l (5,510,5

O (s mad 3529 a0l j olows oy
il Sledlbl ags 5l 5em s sslate 4 s Lo o] 51 (5
Duck & Nakagoshi, ) —ele mlin j5,0 (bl 5

2008; Bolliger & Kienast, 2010; Brown &
sols g (Reed, 2012; Simova & Gdulova, 2012

(McGarigal, 2015: 92) 25!yl (532,15 Ol puii 20U 551 50 el soliw] gdasiow Olakin ¥ Jgoo

& bawlxo Jgo,8 Ol yuadi 0090 a>lg Srlbaisleadle axiuw ol B pb
n; S ol 5 S5 - NP Number of Patches 2a3J sl
n; ) _ 5o olass ) ;
—(10000)(100) o3l 58,5 PD Patch Density asJ oSl
A JENER
—1max(a;;) 4 ‘ : .
% (100) so b jho /. LPI Largest Patch Index FUURN 58
€i S ole 5 555 B LS Landscape Shape Slogms S
min €; N % Index )y
Yji-1ai 4 ‘ Percentage of Oheligy o yd
b /. PLAND
A (100) e e Lands Oyl y Slows
m 5
# (10000) Soo 3l 5S35 ’)L; ED Edge Density il o515
Yk=1€ik 2o b jho / CONTAG Contagion I
+ 2Ln (100)
b 55 o
-Y™ (piInp;) S9 9 SaP _ SHDI ShannoIn (Si Diversity sl 5
Jo ndex

IS coliws A i (IS g5 slaa S oloss m
Elol oloss m dj aSJ Coluwe @ -y v (Sloss

(V) Jgo—z j0 00 4_31)‘ sloJg—o,? duw

el 13 0,lae saimslid



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo 5+

S5 03lal ) rae o Sloww (sloaS) 55 10yl
Sl (K Jolie (cogtio ;155 5l 5 055 (o0
Slazmin 5l (S Swgay aziw 313 S5 e
O Glos §loaS) (S LSS a0 (5,505l

o9 R el
Gicdigy Syl (3L lSET Grangsy nl Sl
okl o W el daallas 5550 0,90 yo Lol (5,08
@ @B il ond &)l ganail al> 5
4 (gam Slacal glp Wools pl (g5lwoslel glaie
5loslel 5 guiainl C8s 5 CoiS Gl skt
Do 2l S5 dn (ol Suop jskie 4 s
ol 50 (T ATAY ool 55 5 6,e5T) 0y o0
oolisal b JI5 oo 5 LISy Joma  insy
Lillesand et) ol cows 4 das o 5ile slacyledl ;)
)l Sl (F) Jgoz 0 45 «(al., 2004: 166

e 1as) uu)l_f M € Sl 00 JL:L.ZH &9
IS Jobo i .4 SI WS o e JSla> min
oW s (ol aSd slass dsci Y oasd slass
FSTaeo oo plas g wled oo (25 (i Slonw b
RSN Ry E5 L IS ol asb ol aSJ ol
loaSd slass dsci ol oS oSy el sals Slas g
O danlie (LSl 5 a0 oo Ll e wxlg yo |,
Olg—e 4 g 0S o el 3 |y @ lize sl
bs_m‘é_n oolai_ul oLi.\_m.J) ‘5?;)_4.» FLePL Y ua}LMJ
)oc\_wilw)_?j)}_gww)_glﬁzc\_wﬂw);;f)ﬁ
Sl 100 e (Slowms S8 el e oo (Sl
Lgl.o.'_m Wyw‘éwi]k}iw;m éffo)bq‘
SO 4 S ) Sloww 3l (0o 0 10

gaalb 5l Juol> LS g pd 9 (S o w0y :F Jgur

L o o G5 cxo JLw Swaib g4
“IAY av/f VYV e

ol STas
-IAQ /o Y0 Jost 5

(Y9)I1YA0 5 (1A YY) sl e sl o) sl 0390 oolyl (6,5 A ¥ Sl



21

Ol g 9135, cue

2l S ik (6,58 4 b jloges 9 Joloxr
Ol s Lg)'L.:)lS.;'J ld 0 5 zlsaul (V) U
S w53 (e e Slor Slaazin Lavgs
4.2 |58l e sloolaiwl b ol o s pm)l5 sl p
= T 4 (8 9 0) Jglom ;o g aculos Fragstats

Al o

J=B e 4y 50 (A :YA0) o) e 5 59,50

Cals 2514 by, Sl osliad o LS s Jsd
le,li8le 1 sl eolai ol L cols jo .aslosges o Lol
A4S ool g)l580e,3) ArcGIS 10.4  ENVI 5.3
Sledlbl Solw a4 a5 aos oo |y Sl ol 8
doa s oloyl gl m |y oy laosls 5 S

WYY Jlo (ol sbas 3l (6l o gk 30 () gy (Sl (LA dulimo i :0 Jgu

LSI ED LPI PD NP PLAND axiaw [ g 9,8

- IvF YVIAS \IYY Y\ F YA YIVE cale gl o)
VA FAIDY VAFY Vel \ARM Yony )
YUAY /Y YAAY VYA ovay FY/0Y e sl
£¥/-4 ¥V - FIFT visa Vo4 VY SiagiS sl

WA Jlw (3l s 3,35 (lp oW b 30 (oo )y (Glosews (gLBAZII duwlino LG F Jgur

LSI ED LPI PD NP PLAND axiew [ g 9,8
YAIYS S YIA VEIeY FAIA e caly pladl )
§I¥Y £Y/- - VYA VY/F4 YYD Y/AA )
V\O/Fs ABIY¥ VY YAIVY VYTA- VEIVY e sl
YYIAA AD/AY YEIFA VEIYA £1a- FOIVO GiplaS 2l

00 (al38l L (55)0leS slagre) Gidgn 4 Blaie
Sy9—0 slwjojl ;0 a0 YO L (55,5les ol 47
B9TVWL sy 4 by (e 2l g il L
E—50 yl Ly a5 wiladl, cals guig, awo o
3l oo 65,9laS g (e e (B 1S &S el
2Ll ot s g (e slagme) 035 O
R PR udf)wfuda‘sxaﬁ
2 e Slorw s )0 Olpis Wi, mlis
pﬂ)—? A S olocss laazus 3l oolaiwl L (V) Joox
RS i Ao ¢y o LgLA.M.:Jiwmm\_wiJ
725 Trb e (Swgn 9 Opld 95 amiw S
JS slaws slaamin polie iol38l zuls el casoa
o (Sl a5 aSs i3l [ Kilo aSJ 1515 4 a5
Ao Sl 009 ddlllas 8,50 loj o e e
SS9y (o) (Slogw JSB dmts 9 &SJ (0 5 S5 )
L aes oo lis &g,y cpl a5 wiles,S b1y _aolidl
sba ¥y adlate o)y Slowms JSB oy 23S

Sl s S mhas 5o a8 slaes b))

loaSd slass 5 by o3l cpl Jsb 40 s o i
YYYA s oloss OV 51 o e DS 4y bgy e
Se2g 5 (Sodo > Sl Gl cplas ol oo
2Ll GBS 4l 55 a5 el (e po PP
Ao e .l 00l byl clu sl 9 (55,58
5 it S Sl Lt o 50 &0 515
SloaSd (515 o0l Crge 153,5LaS )5 Ll
S 1) i aS5aSS Sl 5 b el (0550
oo VA malS .asl ails La oS plo 4
Sl 52550 2l gl a3 (2,58 5 s
ShreS 3 e e S o ) G ool
Lot | pan oad Ja 5 55,088 )8
LY U O EN I DY PV SO
Gl axlg VY 4 £F 51 e s Slows S aniw
B3 e (LA ) 6 ti dus (55)0laS sl )8
SyolsS Slyss a5 el ggsge opl Sl a5
S5 olai o al8l g s glo Sauzey 4 e



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo sY

OPLD E9i5 amin @bl g ey Sloww 0SS
Ol sl ooy )y (Glow—w a5 ol Lis

Ll 00 QS’BLM Lg);)lf

30 Sl oud ipdaiels pwais (a5l Sodony
ASSAST ylidl g S Lo rals sams )l

Flao 090 93 )0 (0 yaw (Slos Telaww 50 Wratw Ao s 1Y Jgur

SHDI CONTAG LSI LPI PD NP axiew [ Jlw
AR Y/ - #f/-¥ YAQY fy/eY \YFOF \YYY
VY FV/AQ YVIYA Y#ITA ZYINY YY-YA Y40

VIVE Y/ -
TR
VA4
194y 144y
Yo\ \Ralg

(320 w0 Gloww b 50 (SHDI) 445l £ 455 azmiw 9 (CONTAG) Sowguy amow gl :F S

20,5 (Lla lagp)ls 0 &l s U o8 O e
sbadln Job o as ols plas Lo )5 (reess
A laio o Jglie slagp)l5 Hlaa b loaSd suse
ol oty gyl oyl el o0 ol
St 3 903, oy dnangs (o35 ) dlaie yiw 5o
Ol Slas )5 3929 Silodgy (s E95 o 50
03 S sz Vs el ojsm 50 5ysleS 5wl
SISy g e P S5t o Sl a5 Sl oud
e Jole Wlgd oo 095l aS Conl ool adlaie yiy
Jlie Glgre 4ol dilaie b ol (s0506 (5l
5 0%l [l 5,k 4 cSlo bl s )8
g gl sl ATl inS ailaie ,o lisl
9 o)y Slorw glas (sloaziw sl sl ol b
s Slows (SIS psb @ a5 o] Sy (IS
A5l g el Fosm (JSA L Sl 5aSSass
5 g gl ()il jole (Sl i
gh a>ly )5 95250 (ibs 62y g9 LS
aS ol s el sy Sl 00l - TEgle
S ooy s ol (Jool slale

G Azl 9 Sy
2Ll SIS g oo g il 0 e slacJlad
Sl 5l g 009 5 56 L e slo—w
0,08 (xerl (6lo ST Ghad (Jarmecon s
5 ol ) (b slpao o Sy alis ()
S md o ity 8l |, o] il 5 ST,
Sh— o) e o)le Dl (il
30 3ilgd o da s g ] Jolaie LLG ISy
5 9 e Sl bl ool 608 el
S eolawl o5 oyl 5l oolaiwl Sl (54Xl
Sloaw slagsll oS 5 0520 5 LSl S0 0,5
2L imytlin g STl i ey
GRLS 4 Wl (oo 4S5 09D (oo ey (Lo
Sialel 39 5 0S SaF (e s Slogs o 59
Sy sedaedy (U5 jsbdy ol Jige e 5l eolinl
Sl (Fble (e por Sloons 55 Ol i W9
So sl p Cenbios (Sod (rnb glalaome 5o
2 5 g o=l 5o W0 K Ojpe Sy o0
o gy Slowmus Jdo YYD 5 VYV Sloj o3l



Y

Ol g 9135, cue

AYAR) o, LSan 5 6yl ool gl b iyl s
035> (e Slowms 55 Jedod Bum L (VY
OSen 5 0l et slo o @l 5 1S5 sl
S slagSIl ol s bl Bas L (V1 YAY)
Cdillas 5 000 aildsg,; andls )3 (o) (Slos
el e az Sladlae pb L2l gy o)l
O Sl yss a5, (g Sl 0o w55 g mhaw
9 90 ai Gt |y (Ko Gezee Sl (Sendy
2L Gy odee (58,5 )18 cle 4 Wil o0 ]
390 9 Yo byl g et L sbls ;0 4 dlaie
dl ol oSz ol gl oo
o plgSea ]y slaVy; adhie e 698 D pts
R (o F Gl 4570 S e &g
) adlate (fay €95 dnmgs g Cbilix (gl Con
oisls (b gllas piucnsST Sy plsie 4 &0
o=l bl el 6 9l 5 (LS slaaisS 51 (55l
5 il yll Gled S spag 45 ool J>
I3 Sl o jo ) dihie S £955 «55)laS
Yoo ) oL 5 adg e gl L as el ool
3 ey Slogs Gladzin B ()2 5o (7R
9 LLbslw (603 6)lS s Jdos g 4528
P YEY e f) L Sen ¢ Tl Sgule gl
(ol SLeSeelS (Sl 6505 Dl (o) 2
Oledl ey (Slowns (FA2ASTASS 4y 5 0392 gounod
Bblie 00l JyUS ol 4 azgi b ol jo oo ,S
5 4 L YE b g5,slis 5 cole ol
e g e <055 5l S el (sl adlate
Sl plasliin (20 )5 sloidy Lai>
Slgier (2Ll )5 Dlymss (o5 ()l 005 (oo
s opdle il ol s Sl Liolel sl
Sl 5l 655 92 )3 clio 0], Ll
=2l S3slsST (SolSe bis 5 (8l oS
S9N i 5l Jol> (o5 ol sl Wy oo

b ey (Slowm

1. Herold
2. Matsushita

)3 adlaie ;o (55,5laS g cSlw pludl o )8
S Sl 035 \WAD 5 WYYV sla Lo Sbsj alais
L aoed (pl a8 wlandls (g i (6,105 51 coles o
=S 3 (VANTA) (b g (a)S Jhagin @S
Slebli )3 e Slog sloazw (53,5
5 4mskXeS ol ol (2l 608 65X
Syt bl o5 alold &dly jo o)l cillas saxl g
Gl SLaollilgSn g GXses 5l (olivs) 5
9 Sl (o dmwgi anl 3 1 p SKses 4 liome
BBy g g Jem Al anwgs oS5 o5 bl
S o) Byl el sl 3blis (sl o
Aol Bl 095 (59, Lt |y (Su099e AigS s S
LaaSJ slacss g (oS JS colus ol 00 s
9 (ED) ae3l> yl5—ue (PD) aSJ oS1,5 (NP)
258y Erle 5 (LSD) 480 JSC Sy
Sy9lsS g el il 6,8 (LPT) 48U o5l
Colae alS cozrge g9dge ol b Gl
Ol leas (51,5 5 olawi (sl a0 )8
S Sz (e sboasd adl> Jlade S
0 A8 (2,58 i ol wpads alS 5 L
Sy &S adlaie 20 o) g el ol ddlais
Sz wlosgy (ol (S bSe bl 5 atwsy o0 @
5o Alead S S op 5l g (Sud aSSas anl)d
Ay VAIRY 5w ye o5l W LPT e Lo, o]
a5 Iy cenl odgai lay jmals as o VYD
o>ty #Y 4 FY 5l Sldlas o9 40 (PD) 48U oS5
Ol i8l easms s a S cwl 00, S oy il 3-8l
)5 SO Y -1 ) P VR B SR OV
FUAY s TV 515 o sl ,ole S LS
aibaie o |y Signl a8 coul aily alS wo s
aS anlp olacul eols Siolidl aalllas 850
Slonl ey losm 5o ol )3l Ly
juo_mlséc)ia;)lfgéij)égﬂuwloo;
Slabd (ol SasS Jodo 4 (235l el ogdle
Slorw 50 (Gl (oo s Gal3 8l czgo (s
55 ole (B 05 pe sl 5 Ol & el
aplez ouid S slaile g Coln wagd Syre



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo

Al

9 olie Sliwn y (o) s (Sommig Gl
S S

et pskaie &y (e e Gl sl gy plosl
dibaie SG3elsS1 Ol

53 e Slowms bl S Jelow (g 5l ool
b SapinnsST Lhis

5t SIS el g ,LSEm8 o pols aabld o Lo,
5 ol sl JS loy ali Sl s N YAS
sloazmiow 255 4 b ghaile gl (Aol o
O ojlas o5 ey ol ey Sloas
DY-Y Slxan

Aozl g cpallazles ol Jloazauw Jui o B gual;
TM saizw 5058, sboosls o, AVAY LM
oy, el adg (ol )5 At 4 o
A 0)93 i xmb wlin 5 (55,9L8S (598 5 pole 235k
AV 0D i ¥ 6ylas

oo 9550 P LS Rl g tee oSS o Sl
eldpg 9,0, 905 5 (B NTAR o3l S sS
Heh (839 Adgad ed elia )3 (e e (Lo
o Lol VY 0,93 canjlanzme (599955 5 psle (0l e
AAD-VAY Slas (F

g 0oly ot b emme ¢y g0 Boks L (b gt

S5 oSl ol s Sbs L AYAF )50 L
A ;0 g, 0auly ileog, ails (o ey Sloww
i 5 o8l Dl s o (ioles haeg alidS
gl olBiils ‘Gx,.,_!o @L'.n PRTSPYIAY )'v\%.l%,. drwgs

AR SETVRVIVE SN VS IR

(80 S Lg)éi 393 Lo (g sl b

AVYAN GL Bgo Lo jonn 5 SBolo Lo jaem>anw
L slSS 5sul 039 (o o Slomm 55 Jedoos

pode - e Slowms (599551 (slaazmin jl oslin
AYY-V P Olas X o)Lmi'a il 0,99 Lg;’am

AT o s L, pes yoesme aligy dlas

L oyt (881 (25T 9 Olpesd (S 5 (23
CA.Markov Jas g aile) oz palai ;1 eolaxul
ldliz (bl ((gslTasS e 169,50 aslllas)

YO-F Olxas YY o)Lmi'a Y o,90 Las

5508 lujre pFag danl Ly oy S

)_)H‘)‘ ‘_g)J)lSu‘M QS“J))J\YIQY o)l.; SN0

b olesiay

St adbaio 5l (pol> Ceond )3 oo IS 5 el
Oy w275 5l (6 S ol

SraSor g oLl (oo alyzr (g5lusiilys
o potnnsgS T S ke oliie 4y (oog2 (Al

&l

9 ua)b)_: AVAY ol s L5_L€. 9 apll ‘<$)".‘5‘
)| oola_ul l_> Lg‘o)yml.n ‘_gl.a:o.bl.) )‘ Sleds| C‘)"‘"“‘
oS> olS_iils ool oLz «Jgl al> ENVI 8l 5
Ao VYT wien 8 oalBuils pid ool
POV U P R G CHEL ¢ I R DN S WY | S
L ) )8 Sl il VYD oo g
Solel Ljeel (6,985 calise sla g, 5l ool
o)LQ_.i'J 5 0,99 Las @L..‘)b.a} L)“’LJ ‘)yLi‘..:.S aglaio
YO-0+ Olxaw Y-

cblas d.'ol_,.n &)L& gsfl—.‘.})‘ Avag .é_ilil‘)
O Sloww 5399551 il (6,5 @ b oo
ol ol_iaabiﬁé_l..agj)l_& :a_sllas 3,9 adlaio)
Al o)Lmi'a A 0599 ¢y )y u,.._\l..oi 4(g5.ol_9 S L}“"’ﬁ
NOY-VPA Slao

L 6.2‘) gy ulfu_u ﬁﬁjl‘”)&‘iﬂ RRRTA .Q\):}Lé
1890,y90 4.:.]“44) Ry ‘SlMJ ‘SLQAM )‘ oalazwl
s bedl Gy (ST (g (e (e Ol e
‘QLQ'Q—“" (X2 o isls Ry ‘$LQMJ ‘5)5.|95‘
AYa0 QLJ& 9 7 ‘QLQ.EL@‘

Cardy e slodalie duslie N VAP ool) salaas
.J_ﬁbﬂ uL...:‘ ‘J‘i)‘i‘ ).,.:;ui 0397 3O Pl Ceodbos
NP O)Lo_.i'J & 0,98 ‘ul_iu f""_“"“""‘95| (g
A=Y Slbas

ol e s sl Gl ot @olo e plS50
Lg|o)|9.a>L/:. ﬁsL.aS 9 \S.a...:ﬁ.u_w J_..l;u )" solaiwl b
YYDYYA Slonis ¥ o,las SA 0,50 o canshs

A



0

Ol g 9135, cue

21.Apan, A., Raine, S., and Paterson, M.
2002. Mapping and analysis of changes
in the riparian landscape structure of the
Lockyer valley catchment, Queensland,
Australia. Journal of Landscape and
Urban Planning, 59(1): 43-57.

22.Bolliger, J., and Kienast, F. 2010.
Landscape functions in a changing
environment. Landscape Science. 25(1),
1-5.

23.Bolliger, J., Wagner, H., and Turner, M.
2007. Identifying and quantifying
landscape patterns in space and time.
Landscape Science. 8(1): 177-194.

24.Brown, G., and Reed, P. 2012. Social
landscape  metrices measures  for
understanding place values from public
participation Geographic information
system (PPGIS), Landscape Research,
37(1): 73-90.

25.Castillo, E.M., Garcia-Martin, A.,
Aladrén, L.A.L. and de Luis, M. 2015.
Evaluation of forest cover change using
remote  sensing  techniques  and
landscape metrics in Moncayo Natural
Park (Spain), Applied Geography, 62(1):
247-255.

26.Crow, T. 2002. Putting multiple use and
sustained yield into a landscape context.
Scientific Journal, UK, 349-365

27.Debarros, F., Vettorazzi, C., Theobald,
D. and Ballester, M. 2005. Landscape
dynamics of amazonian deforestation
between 1984 and 2002 in central
Rondonia Brazil, Assessment and Future
Scenarios.  Forest  Ecology  and
Management, 204(1): 69-85.

28.Deng, J., Wang, K., Hong, Y., and Qi, J.
2009. Spatio-temporal dynamics and
evaluation of landuse change and
landscape pattern in reasons to rapid
urbanization. Landscape and Urban
Planning, 92(3-4): 187-198.

29.Duck Uy, P., and Nakagoshi, N. 2008.
Application of land suitability analysis
and landscape ecology to urban green
space planning in Hanoi, Vietnam,
Urban Forestry and Urban Greening,
7(1): 25-40.

30.Fiener, P., Auerswald, K., and Van
Oost, K. 2011. Spatio-temporal patterns
in land use and management affecting
surface runoff response of agricultural

L Cnym Slow sl Sy Judos 5 42 ol
5 Sis adlaie 3 GIS 5 50 5 Lioiw 5l eolazal
O o,lel @ 0y90 cymapm inlel (ol las Sisaas
Ya-99 olxas

oS sy YA Sz 5 )] o0 5T
S8l cbliz )3 e s (Slowns o azin (35
9 42slSeS 1509 adlllas Sl (Sl 6 )8
Sloio &+ oyl XV 055 ¢ lid Lams hanl s
Ya-AA

O datre o6 b aiawl 010 jae Lo 0 gamre o pllas N O
Sl s il AYAY L JLS lgo,l g g0l e
e Gl SLaSS 5l eslanul b ool 6 )8 Sl
189 9 allhae) (oLl SleMbl giass 5 90
GIS 5 ;50 5 Lo 0,5,5 (Lo )S oyl «d
¥ Sl Y oylad F 058 ¢ sxerbs alis psle 4
Yo

i ple (@l Lo pode 5 (9,80 N F
agy 6l KT YA Lol Ll 5 oLails
51 oolil b palanllygn VG 3Ll 6yl Ol yeris
(2ldlaz Dbl gl 9 590 5 Gromin SIS
ale jo L8l aledsl wlols g 40 5l iomiw
A48 Slmio ¥ oyl Y 698 ¢ oarebs

(el saee 5 229, Jadllpl Coans (Somge VY
ads> 2l )l Dl 2Ly, 5 Gl TR0
LSl glolsnls ol 5l aolizusl L 05
AYAVES Sl AY oylad Y0 090 ¢ bl iz

w3y hlaas B9, (558 ol LU 5Ll (il e VA
Golwds AYAY L 155 sl o SL)E oleo )
wle azmiw b ol BL,| Jedos 5 Jow B155 5000
Ol eidgas Bl 0> 55 (e s (log—s
Sl ¥ o )lors b 055 sislsyiesST . )|
YOV-YVYY

Sidyy 5 el Qlasbr et el Sasgi 0
Gt ) g Gyl Jelos VYA a3l
(o) Sloa (5599951 3,509) b LS (655 5
Slomio V0 oyles B 055 (8 Lialol 5 Ll
Aay-vH ¥

20.Abdolalizadeh, Z., Ebrahimi, A., and
Mostafazadeh, R. 2019. Landscape
pattern change in Marakan protected

area, Iran. Regional Environmental
Change, 19(6): 1683-1699.



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo 55

structure: or why are there so many
patches, University of Massachusetts
Ambherst, 44p.

41.Niesterowicz, J., and Stepinski, T. 2016.
On using landscape metrics for
landscape similarity search, Ecological
Indicators, 64(1): 20-30.

42 Richards, J. A. 2013. Remote Sensing
Digital Image Analysis: An
Introduction, 5nd Edition, Springer,
494p.

43.Shi, Y., and Xiao, J. 2008. Evaluating
landscape changing due to urbanization
using remote sensing data: international
workshop on geoscience and remote
sensing, computer society Washington,
DC, USA, 21-22 December, 508-511.

44.Simova, P., and Gdulova, K. 2012.
Landscape indices behavior: A review
of scale effects. Applied Geography,
34(1): 385-394.

45.Su, Sh., Ma, X., and Xiao, R. 2014.
Agricultural landscape pattern changes
in response to urbanization
atecoregional scale. Ecological
Indicators, 40(1): 10-18.

46.Tang, Junmei., Wang, Le., and Yao,
Zhijun. 2008. Analyses of urban
landscape  dynamics using  multi-
temporal satellite images: A comparison
of two petroleum-oriented cities.
Landscape and Urban Planning, 87(4):
269-278.

47.Tong, 1., Hu, Sh., Frazier, A., and Liu,
Y. 2017. Multi-order urban development
model and sprawl patterns: An analysis
in China, 2000-2010, Landscape and
Urban Planning, 167(1): 386-398.

48.Weng, Q. 2002. Landuse change
analysis in the zhujiang delta of china
using satellite Remote Sensing, GIS and
Stochastic  Modeling.  Environmental
Management, 64(3): 274-284.

catchments-A  review. Earth-Science
Reviews, 106(1): 92-104.

31.Forman, R.T.T., and Godron, M. 1986.
Landscape Ecology. Springer, 640p.

32.Herold, M., Couclelis, H., and Clarke,
K. 2005. The role of spatial metrics in
the analysis and modeling of urban
landuse change. Journal of Computers,
Environment and Urban Systems, 29(4):
369-399.

33.Hung, J., Zhenshum, T., and lJie, L.
2010. Detecting spatio-temporal change
of landuse and landscape pattern in a
coastal gulf region, southeast of China.
Environment, Development and
Sustainability, 12(1): 35-48.

34.Inkoom, J., Frank, S., Greve, K., Walz,
U., and Furst, Ch. 2018. Suitability of
different landscape metrics for the
assessments of patchy landscapes in
West Africa, Ecological Indicators,
85(1): 117-127.

35.Leitao, A., Miller, J., Ahern, J., and
McGarigal, K. 2006. Measuring
Landscape, A Planners Handbook, 272p.

36.Lillesand, T.M., Kiefer, R.W., and
Chipman, J.W. 2004. Remote Sensing
and Image Interpretation. Fifth edition,
Wiley and Sons. New York, 812p.

37.Luck, M., and Wu, J. 2002. A gradient
analysis of urban landscape pattern: a
case study from the Phoenix
metropolitan region, Arizona, USA.
Landscape Ecology, 17(4): 327-339.

38.Matsushita, B., Xu, M., and Fukushima,
T. 2006. Characterizing the changes in
Landscape structure in the lake
Kasumigaura basin, Japan using a high-
quality GIS dataset. Landscape and
Urban Planning, 78(3): 241-250.

39.McGarigal, K. 2015. Fragstats User
Manual, Version 4.2. University of
Massachusetts Amherst, 182p.

40.McGarigal, K., and Cushman, S.A.
2002. The gradient concept of landscape



D=5 :olios | A (ybiamo ) /ogms g (ot Juabano 8o | i Jw | Ui (2Ll i il oo OF

Assessment of Changes in Landuse Connectivity and Pattern using
Landscape Metrics in the Zolachai Watershed, Salmas

Habib Nazarnejad*', Morteza Hosseinim?, Raoof Mostafazadeh®
Assistant Prof. Dept. of Range and Watershed Management, Urmia University
M.Sc in Watershed management Engineering, Urmia University
Assistant Prof. Dept. of Natural Resources, University of Mohaghegh Ardabili

Abstract

Nowadays, landuse change and human imapcts on the natural environemnt due to
environmental constraints raised several environmental effects and deteriorate natural
ecosystems. This activities had reduced the extent of the natural arenas and increases its
dispersion and fragmentation. The purpose of this research is to evaluate the changes of the
Zolachai landuse model using remote sensing and the use of landscape metrics in a 24-year time
span, which is needed to proper planning for sustainable development. The Landsat 4 Satellite
images of 1992 year and Landsat 8 of 2016 year were used for land use mapping. And by
Maximum Likelihood method, which is one of the most popular statistical methods of
classification, with a general accuracy of 92% and 93%, were categorized. In order to study
land cover change, The Number of Patches, Patch Density, Edge Density, Percentage of Lands,
Largest Patch Index & Landscape Shape Index metrics in Class level and Number of Patches,
Patch Density, Largest Patch Index, Landscape Shape Index, Shannon,s Diversity Index &
Contagion metrics in Landscape level were used based on the FRAGSTATS 4.2 Software. The
results indicates that the Number of Patch (NP) metric increased, which means fragementation
in natural land uses. Also, the mean value of Patch Density (PD) had increased (from 41.03 to
62.81) in the study area as a sign of increasing heterogenity of land uses. The integrity and
connectivity of structural elements has reduced from 43.1 to 41.89 Percent Which prove the
decline in connectivity of the study area.

Keywords: Zolachai, Landscape fragmentation, Landuse, Fragstats 4.2 Software
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Extended abstract:

Introduction

Nowadays, landuse change and human imapcts on the natural environemnt due to environmental
constraints raised several environmental effects and deteriorate natural ecosystems. This activities had
reduced the extent of the natural arenas and increases its dispersion and fragmentation. Identifying land
surface changes is essential to understand the interaction between humans and the environment. The
purpose of this research is to evaluate the changes of the Zolachai landuse model using remote sensing
and the use of landscape metrics in a 24-year time span, which is needed to proper planning for
sustainable development. Land use change is one of main environmental hazards and ecological crises
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worldwide. Land use change involve direct and indirect human intervention which can affect about half
of the land surface and ecosystems (Akbari et al, 2016:35). Investigating the change severity and extend
can be useful tools for managing and planning the environment (Mazahre et al, 2013:26). With the
development of remote sensing science in the past years, various methods and algorithms have been
developed to investigate the land use changes. Landscape is defined as a scheme or a combination of
repeated local ecosystems or land uses in one region (Apan et al, 2002:44). Landscape metrics are
valuable tools for designing and finding the exact relationship between structure and performance of an
ecosystem. These metrics can make comparative measurements to discover these communications that
help move forward to sustainable landuse planning (Leitao et al, 2006:31).

Methodology

The Landsat 4 Satellite images of 1992 year and Landsat 8 of 2016 year were used for land use mapping.
In order to study land cover change, the Number of Patches, Patch Density, Edge Density, Percentage of
Lands, Largest Patch Index & Landscape Shape Index metrics in Class level and Number of Patches,
Patch Density, Percentage of Lands, Landscape Shape Index, Shannon,s Diversity Index & Contagion
metrics in Landscape level were used based on the Fragstata 4.2. Software. The ENVI 5.3, ArcGIS 10.4,
Fragstats 4.2 were used to processing and analysis of the spatial land use data. The satellite images were
taken based on the desirable quality of the available images and were selected for geometric and
radiometric corrections. The image of the bands is represented by ENVI 5.3 software, functions such as
types of transformations, filters, classification, geometric correction, spectral analyzes were done for
extracting the land use map of the study area. After checking and ensuring the radiometric quality of the
images and the geometric accuracy of controls, as well as points taken by the Global Positioning System
(GPS) through field surveys to identify the land uses, the visual interpretation were done With Google
Earth to verify the accuracy of the five land use classes. The large number of landscape metrics were
analysed and some suitable landscape metrics were chosen to based on the literture review and expert
knowledge and according to the appropriateness with the aim of studying and correlation between their
concept. In the processing stage, educational samples were evaluated for more accurate classification and
categorized by maximum Likelihood method. At the end of the classification stage, its post-processing
operation is applied to determine the accuracy of the classification of the Kappa coefficient criterion and
the overall accuracy that is obtained using the impedances of the error matrix. Finally, using the ENVI 5.3
and ArcGIS 10.4 software the land use map was extracted.

Discussion

The results indicates that the Number of Patch (NP) metric increased, which means fragementation in
natural land uses. The increasing the number of patches and patch density indicate that land surface
fragmentation has increased during the studied period. Also, the mean value of Patch Density (PD) had
increased (from 41.03 to 62.81) in the study area as a sign of increasing heterogenity of land uses.
Changing the value of Largest Patch Index (LPI) from 18 to 36 represents the fragmentation of the land
uses over the study period. Metrics of the largest patch index had progressively increased over time,
which means that the shape of the Zolachai area have became more complex and geometrically more
irregular. The integrity and connectivity of structural elements has reduced from 43.1 to 41.89 which
prove the decline in connectivity of the study area. The results of the Contagion metric indicate a
reduction of integrity, while, the increase in Shannon diversity index showed that the landscape has
undergone different user variations.

Conclusion

The problem of landuse change reduces the extent of natural areas and increases the dispersion and
fragemenation of natural ecosystems. Identification of land use changes is neccesary to understand the
interaction between humans and the environment. According to the results, it can be noted that the
landscape fragmentation have been occurred in rangeland area, that leads to destroy biodiversity of this
natural ecosystems. Existence of man-made and agricultural uses in the Zolachai area has caused the
problem of degradation and dispersion of the natural landscapes. The human use and man-made land uses
made a heterogeneous land uses in the region. Based on the values of Class and Landscape metrics, the
shape of the fragmented territory is more complex, irregular and structural elements. The final conclusion
of the analysis of changes in the spatial pattern of the Zolahai land uses is that the rangelands are under a
severe pressure of degradation, while this natural ecosystem are the origin of many plant and animal
species. The existence of human-made and agricultural patchs has made the biodiversity of the region at a
critical level. Landscape metrics are a clear and strightforward tools in the analysis landscape change and
processess. Therefore, regarding the uncontrolled growth of human-made farming and agriculture over
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the past 24 years, a ordered management planning is needed in order to prevent further degradation as
well as the maintenance of rangelands. Therfore, using landscape metrics can be considered as a useful
tool in determinig the degree of degradation and also the importance of each land use category, based on
the capabilites of the study area in the framework of sustainable development. It is suggested that, in
order to prevent further destruction through human-made and agricultural patchs, their use should be
concentrated on a specific area of the region and actively prevented from its progress. Empowering local
communities and promoting environmental knowledge for the management of ecosystems and
enhancement of territorial integrity in necceary in the conservation of landscape integrity. Carrying out
land surveys to determine the ecological capability of areas and use of landscape gradient analysis is
suggested in future researches.
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