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Abstract

The purpose of this study is to identify historical patterns and predict future urban growth and land-use
changes in coastal areas. Despite the importance of coastal areas, no studies have been conducted in
this field in the country. Therefore this study was performed in the coastal area of Parsian city using
SLEUTH-3R model as a new version of automated cell models. According to the results, urban
growth in this region is most affected by slopes and urban development has a linear relationship with
the transportation network. Also, the growth of cities is more formed than the inner urban lands and
the growth caused by the margins of the city will play a less role in the formation of the cities. The
area of urban will increase from 1,200 hectares to 3,481 hectares from 2019 to 2050, which is
equivalent to a growth rate of 73.58. Also, 47% of barren lands area changing to urbans. These results
can provide a suitable perspective for decision making to planning land and natural resource and
playing an important role in guiding sustainable urban development in this region.
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Introduction

The urbanization Phenomenon is expanding rapidly in most parts of the world due to population
growth. The migration from rural to urban areas and, consequently, urban development has become a
significant challenge worldwide. Urban development and changes in land-use patterns cause social
and environmental impacts, Such as reducing natural and agricultural land with high production
capacity, water quality, and local climate change. All of these are somehow related to changes in land-
use patterns due to human activities. Because of extensive effects on the environment, water cycles,
and natural habitats, understanding the quantity and spatial patterns of land-use/land-cover changes is
vital. On the other hand, studying these effects in coastal areas with ecotone and more sensitive
habitats is more important than in other areas. In this regard, models are a suitable tool to express the
complexity of development processes in simple terms.Cellular Automata Models (CA) are dynamic
tools in modeling natural and physical features of the land surface and have been widely used in
predicting land-use change and urban development. In all of the CA models, the SLEUTH model is
probably the most appropriate. It is a hybrid of two CA models that can model urban development and
land-use change simultaneously. The SLEUTH model was developed to simulate urban growth based
on automated networks. The abbreviation of the SLEUTH included its six input layers: slope, land-
cover, the excluded area from development, urban areas, transportation network, and hillshade layer.
There are two general steps in implementing SLEUTH: the model calibration to extracting patterns
and trends in the past and the forecasting step in which past trends are used for the future. The original
version of the SLEUTH model has some constraints such as the number of historical data required,
memory limitation, the problem of the road search algorithm with spending time and more memory.
This model also tends to the edge or organic growth, so it cannot produce a good level of dispersed
growth. These constraints in the latest version of the model (SLEUTH-3r) have been fixed or
improved. Reviewing the studies conducted in Iran shows that the new

version of this model has been used in none of these studies. Also, modeling and forecasting urban
growth in the coastal areas of Iran has not been done so far. Overseas studies have not been conducted
in coastal areas too. Therefore, this study aims to identify historical patterns and predict future urban
growth and land-use change in a part of the Persian Gulf coastline.

Materials and Methods

Case Study

Parsian city is located in the southwest of Hormozgan province. The population of the city is 50,596
people. Parsian, with about 1619.5 square kilometers of area, two districts, two cities, four villages,
and 42 towns, constitutes about 2.7% of the total population and 2.2% total area of Hormozgan
province. Parsian coastal area includes large parts of Kushkenar, Behdasht, Buchir, and Mehregan.
With an area of 1021 square kilometers, this sub-area involves about 63% of the Parsian city.

Research Method:

The steps for setting up the SLEUTH-3r model are as follows:

e Preparation of model database and its validation

e Model testing

e Model calibration

¢ Prediction validation

e Model Prediction

e Preparation of SLEUTH-3r model database:

In order to model the development of cities in the study area by the SLEUTH-3r model, the following
maps should be prepared:
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Historical urban maps and their validation
Historical land-use maps

Historical maps of the transportation network
Slope map

Map of excluded areas from development
Hillshade Map

YVVVYVVY

e Model testing:
The test scenario file was defined, and then this test was performed to check the model installation and
ensure the layers setting in the model.

e Model Calibration:

In the SLEUTH-3r model, the coefficients of diffusion, breed, spread, slope, and roads gravity affect
how the growth rules are applied. These coefficients are calculated in the calibration step and on
historical maps. The initial coarse calibration step was performed with 10 Monte Carlo. The SLEUTH-
3r version uses two measures: Cluster Fraction Difference (CFD) and Area Fraction Difference
(AFD). Then, by obtaining suitable coefficients, another execution was performed by setting 100
Monte Carlo to average these coefficients. The coefficients obtained in this step were used in the
forecasting process.

o Prediction validation:
In this step, the model was implemented with a historical city map in 2013 to obtain a future city map
in 2019.

e Model Predicting:
Ensuring the accuracy of the model prediction, the model with the historical city map in 2019 as the
start year of the forecasting was implemented to obtain the city map in 2050.

Discussion of Results

Validation of historical urban maps shows that all of them have high accuracy. The accuracy of these
maps in 1984, 1993, 2002, and 2019 is 99% and in 2013 is 98%. The calibration section lasted about
60 hours. Also, the value of AFD and CFD were about 0.1 means that the fraction difference between
the modeled clusters and the modeled urban areas than observes one is the lowest. The distribution
coefficient of 25 indicates the low probability of city distribution outside the main urban centers.
According to the breed coefficient (50), about half of the city's growth will from the vacant land within
the city; this means the possibility of the city's growth through its edges is low. Also, the relationship
between urban growth and transportation networks is linear, and the effect of slopes on the city's
development in this region is high. Also, the kappa statistic (0.99) shows that predicting urban growth
has been done with great accuracy. Urban growth in the Parsian coastal area will occur with a very
high rate (73.58) from 2019 to 2050. The urban area will increase to 2281.2 hectares and reach about
3481.4 hectares during these 31 years, indicating the rapid and extensive development of residential
places in this area. The trend of changes in residential places over 66 years shows that the rate of urban
growth from 1984 to 2019 had a slight slope, while from 2019 to 2050, increasing sharply, Which
indicates the significant population changes followed by the rapid development of human settlements.
Over 31 years, 47.14% of the barren lands will become urban; this confirms a breed coefficient and a
road gravity coefficient of 50. Also, 4.96% of the vegetation area will be converted into urban, which
indicates the conversion of urban vegetation into residential areas.
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Conclusions

This study was performed using the SLEUTH-3r model, which is an improved version of the
SLEUTH model. The pattern of urban growth in this region is most affected by the slopes, and the
growth of residential places has a linear relationship with the transportation network. Urban areas will
increase from 1,200 hectares to 3,481 hectares from 2019 to 2050, equivalent to a growth rate of 73.58
and 2281 hectares. Furthermore, about 47% of the barren lands area will be turned into urban. This
rapid growth trend will lead to other environmental changes, and it will be accompanied by an
increase in the needs of future residents. Therefore, policymakers and land planners must be fully
aware of these issues and their consequences. These results can provide a practical perspective for
planning land and be an essential role in guiding sustainable urban development in this region.



AN - £ axiuo AEes Jli A S)lasb EV 893 (omwlishlosmo

Joo 31 00liut U Yo Be Jlu G (5 yai Wi y 59531 (it i § (5 3 Lvibanis
(Obw 3 3w your ol 4l 369 390 Adllw) SLEUTH-3R

¥ Gatle Hlodus Jgww pldac M LSasls ¢puiadl Mo didanl )9

ol .Z)f Wl olSiuls e re ) &:l.m 0SS ) bu=xe (Swdie uj)f\
Ql)._»_hulf)fﬂb&?uo}@))’lﬁfIaﬁl.colfihjb.mg).hpu}miyiombﬁqmg)bwuj)fv

VE-/P/YA sallio b pady &6 LARSVARVAJEEV EPS PSR P

oS>

2 ) S Sl g b ol 1y o 5 ol e 5 Sl clasSl alolis (imgh cul Ban
3 adlae cpl il osis 4y o] 4 9SG sl sla e Cuonl 3439 b a5 casge ol sle sble
slasb sla e i e e & SLEUTH-BR Jaa j osizal b 5 sl plisted ol 4o
dloul g 0dg bagdids 5 gy U Cot den | G ddlaio cpl 0 sped by @l wlel g oad plul o
SR ($92> ) ) gy pred A3y Geizmed )l (Jad plabaly B g Jeo Sl b (2B CSgSw (slaas]
CaS IS oS Caws b ojad glaadils I U sy g opmed oSl slaasT dbyl 4 S S
S Wee 51 de Jlo B Y o 5l g yps bl Colne (5 (gow jl )y il ddlaio opl (solS oS
55 e 4 g p)lS plo Jlasl Jos! .cwl YWOA L plp ab) &5 Jolee a5 cdl aaled 5ol58] (LS YFAY o
Slgs o dalllae (pl pols .0 dales bag s )8 4 b ol Colwe l ao)s FY dgas 3 &S sad o lis
Il dnogi sliwl) )3 9 03905 wal3 (b @lie Copde g Cpojw ST 2 DS mreal lp e jlleta

Sl Al ol (i ddlaie cpl > (gm0

0313 w5’

Sldely 5 Goltd gl (Dorer me M) e Ao
S ol SIS glotidy da g 5o of 51 b
My oS Gl Cumdge 5 A8 Sl Gom & el
s 2l elal (S5 51 losb sls JSKa cles S
5l O LTS S o frass 55 ol (5L

Jlae 3 L CMS:\JL@,: 46)))%@&)—4% c‘},h

SET g
53 e I s 4 et 0 RIS
ol gl a8 J s wdl 4 Ol Gble
S S SR YoV dle Sl e e Olasle 518
o s AS e S5 bgd s Ol Cunex

P Yo Ol b Oler (i e Cgmarr Oljpe 555 e

Email: danehkar@ut.ac.ir

DOI: 10.22059/JES.2021.324700.1008185
DOR: 20.1001.1.10258620.1400.47.1.4.0

J}:JM LRV *


mailto:danehkar@ut.ac.ir
https://dx.doi.org/10.22059/jes.2021.324700.1008185
https://dorl.net/dor/20.1001.1.10258620.1400.47.1.4.0

OF T dole 6555 (F ¢« CAY S5 slad b ok
5 Bt s g olal Gl TadUS1 S 6558
(s Aoy Wl asl) S by cleasl s
250 L L SO LGIS 5l 5l Jol Sslite slads
sladde g1l i 5 ol a4 Lilasl ane g badde ol 5
gl ams il Sy Gladshe wl s
JEEl il 3 dlonn 5 nd 0 dadie ) (5SS
o Gl 5o 5 5 Sl e () 1 a5 le ol Ll o
(3B L glad e Jue (V Qs gladshe L
(Faman e SaSll t gladle J (7
sbdie due 0 (oslas 85 sladshe Jue (F
(YA wSL) Ll al o 85
Orzer 5 Ly Caale rils s 4 CA lads
olse 3l ssledde 53 T 33 4 e Sl pas
ot 0 e 2l s phe (S s b
Gt o) anm s (piaes 5 e S8 Sl ek
Sdsl CA Jue 070 OLa 5 Jpmy) Llos S Ty
3 e¥sl glapl @ Olsl ;s L VAT was s L
5 S 03 ey St oluand ke 4 e
Al o3 g OF 5 s a8 S S 4 i
oslizul 3550 (et ilwdde dile Slllas laass
S 4 pa OTAY s JT 5 o0l <3 8 513
Glad sk 4 01 53 L & ol S (Sl gy e SO
s ilie e 0 Slos L s e S
Slacans s 5 (S LIS gt pl 03 Jshor 2033 8 e
2dske a Canls Sl en e bediy ile s
S ol e e O 55 45 ome ol oL
A 5 G las Coandy 5 O S5S Cmss w
5> . (Wolfram, 1984) s dal g ns o)l |3 Sl
Ik Jold a8 3)ls 55y ol paie iy S50 5 S50
i Ol s (Seleas ol B I Gl B ens
slacs 51 CA ladus C\)j\ Bt RS PR E
ples Ol )3 il 8515 anmlin 3550 U, L sl

$eL

Ve Lo @) 5 Lot @ EY 555

QY40 o3 Kb s e col L850 slexs]
Liy Camexr sl 5 o3l L 5l L el aSalKs
Flel (IS slaair Ole Sialen o ax 5 S 0
Gk 5 Sl Coeal B Sl T a5 L
ol ag el Lelss al Ole Glaes 55 0 43
5 Gl G are s s Olge 4 ey las Ol
oy dan 31 (o g 5 3,03 L el (5.5 ISS W,
Slaoslg oS i L 6 Il GOl o g 5 Wl
o oS ald Sl el ane g Aol p3Y
LT ol 3 sl e US55 s e Sl e
QY0 OLKes 5 Jyws YA (a3 0 )3y dalys
S Dladl 5 St anes S S &S kil
PR VCOS I SCH 0 N P UV TR S S
lalas 2als Jols ol ot pl o 8 e tews dases
Loiosles lageas tals el ey maxd b
kS Rl 5 b sl iy 3t VL s ol
s S8 3 M el s (Bl s 5
Sl 5 Slesd CanS Bl e e 08 5 Sy
IR Y- QRCH N Ry WAV P R CORP PV
b Sl b el 5 ol et e
o el O OLan 5 OlalS) ey o S
5 055 Gellan; 8 Jole gble s ol
Wl il Lls Ghls ple 4 e (5 5 el
Shiomy 0l sl ol Sl dadie Luly onl s
b sla S 5 dnes ool Sl 55 anw s sladyl b
O 5 Oles oy 3 OF D3 e (50 A3, Anl
boy bagl s 6,50 cldite S bal 5l ol
LS sl el s oS LLihar oledbl glaabl
e Lilasl ann g (Ol A3 05 S slaesls
Ll e "GIS 53 Ol day Jome sy cnlpl S e
S osb b Dl ae pl 53 e Sl
saps b Sl Sl sl Gl S Tme S5 4w
(YAY (e S) 51 5525 GIS s Sl sl Jdou



e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
A4

Ve 5 osdawl g

S Bsdir 03 O 4 Ad) s 8 dsb s et
R ) Mt b Bl S b
LS e IS (cod Caslis 5 olr adlr (528
slg= (Clarke and Gaydos, 1998 ;Clarke et al.,1997)
Ol et Slaptmm 53 1) Ay HLE Jol s
SES G Sanle iy s e sl S e
ozl (2l b S e 25500 L mSs G
osg Ay 4 x5 dr SSw Al 6518
Gl 5l mis Ol S s 3l e Ol
Ol ol sl Jalo 5 1S 0 J 28 1) 3 50 (S Sms
Ol 1y boslr G 0 Ll S5Ss d=ly il S
Ol ol o ook 5l A il s Cweslie s o
]I P POV I VI P SV i DTSN fg
gble oY Kb sl caslis «KT e s e
Cope w0l s Gble 38 e O 5 e
Spdoms §10053) s US4 b (WSS L oD s
JAS Glp o gy 2 s axng Jl e (S
Jyere b o5k a0 L) &Sl B s S o 0,8 ) 55
Sl aeme St A IS 25l Al L )
|l SIS Al e 55 3 SLEUTH Juo ol A 45
5 LS Al G Qe S d e 50
O 53 & o dope 5 a3l 55wy slats,
),S o 13 eslizal 5y e sl (gl axdS gladis,
QOYAY (ale Slde 5 lals
i) ot s Soledde ke 4 05ST Ol s
SLEUTH Jue i clial sl LS5 5 cilimes (sla e
Dol ol sl ladde plo bS5 0 b s ales «
OB S o557 53 g Ay b @ Ol dher 0T )
OKJL&r){ Sledst 5l sy 90 4 axg L ;Lﬂul.e B
s ME s e Sl Blie s O RV bels
s Salmanmahiny .« le s ol s S cble
S iy O Sl e (Y4)Y))  Karimi

w}@éuﬁ\)gjwwﬁjbduwjﬁbgﬁ

550 6 Jeols) SLEUTH Jue dadde ol
GIS 5 5elS Ll p5ke L1555 slad sl (s5ladote
055 53 3 855 s b el o Sbie Yoz
S 5 S drw s Siledde Uls &S ol CA Jue
OV ale Olde 5 CLalS)syls | ol 6,
S 4wl ool g ble glls SLEUTH Jus
Ay gadde mws ib Ol 511 018 Ot as
Ldae ol ol asens 355 opl b kS o Ol (648
Ol sy Sl gesls slaas aile slacys sdse
Looslr ot w801 JSCie calabl> o5 s
Oeomad el ol e iy absl> oo 5 Oley il 5l
ol by agls Sl S ad Sl ke Ay e 4 Je ol
) S sl 1 ekSTy A, Sl el mlaw Ll
bow Jhe ol e AT s ey s
SLEUTH-3R (SLEUTH3.0beta_p01 Version R)
Jantz et al., 2014 and) Llasl 54 L ol b,
SB35 Gda b cnlie asdllae ol 3 ol by (2010
dde 51 Qs gladsbe gladde Ole S s 5
S e 5 5L glac B 2dls Js 4 SLEUTH
oeals Jch 4 (SLEUTH-3R) Jde :pl Al asees
5 bl e Sl ol e glacys e 51 (65l
Seotm S5 GRIBl el (35l 0 S @l
WJde @35 50 cole glaasan 1 eslizal (Joe
Sy abils 2als 5 Sledbl S5l ce s Rl
A esleal 5L
Ly Aol gsleand ke 4 SLEUTH Jue
B R B g I P e
Gbla oy i Soed Jold OF 63555 &Y i
5B s Je S Bt Ghle T sl s
Gl S Jue ) ol s w3 SV s, ale &Y
St S Sleis Sl g Ll s L et
adl> Ly ol JLAE) S e Al o g A el

L Cj.: JL€.>- st&ﬁ C\f;’l.wl osl>= J.':'Ll'.a Ly



$eL

vy
VE- - ol @) 5oleis @ EY B9
g8 g ind bl b S3rg 5395 sk s glgil ) Jgas
> 1381 o4 3,90 Jo! ;
i g5 P u-" ey )90 leE &y Jsa o
b TS Joe
9 e slodls 4 s oobel 2 by gilo e g J8 g Joo sl
- ) _ H8l sy Java
(s pd pas ¢ Al Olelo (Hly sl g S pranas O (e (3009 .
c. ) « o dladl ) CA UrbanSim
«839)9 sloodl> 4 (Ko @l 8 5 pSee iy oo oo ‘S sk
. o 9 )
032 9 SV b Ggaml el o 5,135 Cenliw bl sl
wilizee 3blo ) oolitwl (Solw
CailB cpps Voo 5l iy 1]
Lo o3l Jho T,8 5l aalil A )
L:"Lf)bJu ..)B)LN ‘J"-"Q&)b‘w
Sl 43 0L oUles g ool 5, Slae
Lnd gl S ol po c L.J) ? u, - | o | UNIX sl (siys)
; PO 5 0dutw Ol pss opald ,gnu )
L @Lml P?}J . 3 )l (G R 0T Ol sy c gl e dL"’C)]G CA SLEUTH
- 3 S Lol il Sl cle Mol compiler .
UNIX bl )y
> o3l cubls ¢ oy | LB )
2 S e JB oo b el
Olig.l) )l)‘5| F3Y walisee L;Lmuul,.a.o
o) Solw lawgs Sty o
Gigalopolis
. WJB 5 Joo jl3le
©)po 4 Logas odlizl . .
" Corbad pis jl oolizl IS GIS (e siup9; | CA | DINAMICA
&2l el
o e ; c . . i e . Markov
s bl o Sz slaplie ) 5> @b IDRISI bl s CA Chain
bl sl

s S Ly, gandlas (Y410) 0Ken 5 Sakieh
T RS TVEPRPSOR JUR-SRES KLk I W R
s Dadashpoor ¥:Y0 Jl. U 5,5 & O
3 Bl oS sl (Y0 K
S5 b SLEUTH (68 a8, Joe oS5 L 05S
Sde il DA SLl e s el L SL5))
55 5303 o L3l (Y4\Y) Clarke 5 Mahiny « 50550
4 SLEUTH Ju S w0 ool oldllas 50 Ol
wile el s plosil ade plu b oS5 55 b 5 oles
2oy e Ay S s Gl Ol e
sSaxena Yefe Jlo U 5 Jlu YY 6,05 SO o Oliwsln
ol ewld S 5L jed L gsleas (Ye14)at

sgs gy (VoY) Jat  Saxena SLEUTH Juas

(WYY auple lobo 5 GlolS 1xuis)

relSaus! LLOKs (Y +V) Gholamalifard s Mahini
gl ped Ay Ly 4 axg b odelr L1 e JLaD)
o0 Il B 0L 6, iy wiie (OTAS) ad,
Sl At M 2 Sl e (VA e
5 P s 31 s Olely ol e gladka g
S 4w Ly oleddle (T40) 0L
‘J@iblﬂ Oliw s 53 LILL anwss JJ Gtﬂ S e
om Mo By, s n OYAF) ale ool das
TS A 53 e Sleaw LS 5 oL psgde
odol drws  gwiie (Y0)0) OLKes 5 Sakieh
OLea 5 Bihamta Y+0+ Jlu U Olgasl eiidIS
L OB S 43 00 S et st Sd Saomely ((T0)0)
St Ay Jde 5 ookas Lo oL S5 ST eslanad




e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
vy

Ve 5 osdawl g

Slwyed oif alleme o3 OB5e,n Obul o
DB e~y el el e s 5 S
3503 13 el Cambge 53 oS OF 5l s 5 ol 48 8
23 (Ol Jl aml) andllas 550 05 5does Ol s 4
el ae Olase ol ol 4 S L s agh oyl
OF 5 agd> 0r 5 a3 OV 5 agds ¥¥ Ol Ol g
YWosadds Vo 5 ax 3 VP 5423507 5 3,0 Jgb ax o
e Goladm ol Jd 5 e s
Uoobosl Obu,ed VA0 Jlo 3 K 5 s
VSV 35dm 55 mmles 5 L 04085 Jslas _tmax
¥Y 5 Okeas Sler e 53 (o 93 e kS
Osds @bl Sy 5w bols bl V) (esll axsly
IS Va3 YIY 5 Coamer IS 5 Ao s YV 5 (aS0s
Ol s o JS25 15 OB 30,8 Olid St ol
N eSS St g ol gr oK) gl
oA el \WAD Jl 53 85 el L33 gsbas 31 20 08
o B el 5 51 o) ol Sl a5 b oo
VO Wl Sl nSle el ol 3TV
ol g Y48 YL gles pS0Le 5 e s
Sl axb .Y O e a Oliad (g bl wsldle) ol
Ol g Ol Hlgar Sl s sla e Jold 0Ll
i 93 55 (08 e 5 e (b QLSS SS) Ol
dolee gl b oaxl ol cul (65550 5 Bt
Ol g Cla“)'l S R AN TR T e glS VY
-l Candse VO SKS s das e el s 4
oals oled Olwas 5 Ol g& Olewl s Olw sl JBL..»

RGO IS W4

G (95
SelSS J gmmes Ol e 4 SLEUTHULe ¢l 1 (sl 5
YAV ol Ol 5 olsls) Gigalopolis o5
Wi ler w Bl Ll e Sy &S shiles
Sl alk 9> Jila= Ol Ll w0 by e g e GbLe

@&Lbujjﬁjb&'ﬁjdﬁjgmjﬁjﬂjw

L ET R e P RS T S L W e
S Ady 5 amws (YY) 0K 5 Agyemang
wrn g s iy (YOAMOLKer 5 L cpr 3 55500
OLas 5 Martellozzo Y+¥+ Jle U Ulksl s (g ¢
DL Ol L3 el el Sldlae siumes (T4)A)
SLEUTH-3R 4w 31 gl 51 b 0 S das
Srs Loy S 9 Goledde O5SU 5 o dlld eslixd
53 imen el ek el Ol el Gble s
Gble ol plowil Lt wid b &S Jler Slalllas
Kl 513 ey 3y ol
S el 55385 g Ol Sler 51 S OB e
JLJ)'\ Ol pl Coanl Lol u—iliﬁ 30 e Sl
S s i ke il (e K5 0 sms) Sl
IS L Sler iy ol adke Lol
s (G o) Ol ode ey Gble e
o pb 5 Olas b e sl Dbl i ls g 4iS
dile plam ey bl sy .l sl Ol s
(el VB (Sl gl > ol cbli> bl
Syge Slessge s 3l s 58 edd bl aibe
bl e LSS Sldlas) dul o sled @ Okl 3 ax
5 SOl Caanl a5 L ogy cpl 51LOTAY (L
glallas 055U oSl s 4 5 OB e n s L
slagd day b Sl pwtn 5 on S L
oS plowil adlate ) 3 Sl (68 Sk 5 Sl
Ay el b S Sl Gua b oadles ool ol
5 G oknl anug ol 5 Ol ity e
SLEUTH-3R Jae Sl sl b ol (s,0,8 &l i
ol hass cnl 53 b planil Ol o L cdsl 6l
T O bl By e o (3 e anlllae 3 5 adlate

leds Q@é;%;&ws@bﬁfijaja@ oals

@2 90 9 8lge
e 390 00940

o 53 Ol ed S S e 4 Ol Ol g



$eL

e

Ve Lo @) 5 Lot @ EY 555

2
8
8
5
2
8

3017259

W5 slosal,
[ [
0 ol obpes

a3 34
v a5

2957259 96570

116570

116570 176570

Ol ol 4l Cnsa ) JSS

drn 3l (s bl a2V
Ltk 5 ey b5 5wl il

33 sgmee ololaale pslas anl adlas ool s
Gladle 53 (USGS) Medoze ol ol Olojls
YoV 5 YN 5 (TM'T) ot 5 Y00Y 5 144Y (\AAY
D3l 5 3l o3l b s s 3L 55 (TOLD) st
aas By s Aol e Jele ENVISS
oo 1l (2313 51 oy a3 A plonil el sale
Sl ey JaS bl ) esladd L pglal pwds
S (BPS) e Sl s bag e
b agh) 2o Vor il asdy dde 5 Gl sladissly
plod e A3 o Ol SIS S S s
25 a (Sl meal Ol elid b sl
g PQUAC (o) Sl b 5 odd bt uibal,
welygsle)dd plil by nslal (655 5 (5 el
sske 4 leslsale pslas il A e s ((\YAY
o (B S s s gl 2l
RPN Lawy 5 iyl BB 3l eslizad b edd 3ls

B S 5t e Gl 428 S el
o 5 e glag iy 5 (e B b 2
e a5 GreyScale.gif < b s LU Ladlss -
L andls QLSS s 5 oIl g seal s 5 033
5 45,ke SLEUTH Jas (310 ol slaplS

Ol s sl 5 s o2l ol a5

Jhbe s @

SLEUTH Juke o3ls oL 4 —

3550 03 Sla e a5 5l (S5ludie sk 4
4 Wb 5 saii SLEUTH Jus Lo g axdllas
PR
Lol e slasl 5 6,8 Sl chaiss
2L S sl sleais
JB 5 Jom S Sl sl

“:. o

D S N NN



e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
Yd

Ve 5 osdawl g

o Kt s BUl b 235 il 51 phite ) g 3
Y SNl b e ppals old a8

A el

gl I (Gl Golo S aud g
Slaald 5l Gy Sldal 4w s bl ol «
(e BLSL eas cbli> gble dadws baaxl s
g G bl 5 Jo b i sl oSty
Sk adlee ol s ol o eslinad 08 e s Ol
B8 53 ane s 5l e il Olge 4 b L

A

9 (S (w9 9 Ml Ad 9 o A g
bl

J g”'::".:’ o ke CL‘U)‘ Lidﬁ";) Jde )\ osleiul L
Mahini ) Lus g bl 5 g s le w28
s a4 ¥ Y Y e s (and Clarke, 2012
5 Jem 3 L) G s Al slaid
5 o wbe s cod ann s 3l i Gble (&
Lledds esls OLES Laguds

Je Sl
Slades 5l Olabl cai s s sk«
5 ok ;@'sz S ﬁ)lﬁ.«: Jf.b WJde 6‘J>b LMJ“‘Y

JM Cgaml yulls”
O sel Sl o 53 SLEUTH Jute ailSosy sl 5

e w35 53 L5 o0 apmlme (U bl 55 2 s
L S bdl @ s bl S aulp s
0335l e Ay laas <=L;3)>J4.~Z.u) Solwands
S (DM) T sy g, s SLEUTH-3R Ju

S ol o o3ly Ol ol 8 4 5 Cd b s

S S 4 ol Sl ead ol guavazb
(Shuaih S oLl 5l e g el gD o slate
A3 st Al LD Ol 4 el U el adh

.(Dadashpoor et al., 2019) .s a3 S

S o Sdud  omiu szl
S sl Gdoadl Bl e e J21e 3 S
53 la a5 e 5 4 el OF i slizel
bdie s Slas auwlael ke o Bl Jyde
asdlas ol s jabie pl a8 e eslanal Lagduai b
Meds 5 (Accuracy) Voo ol dls oLl s
L Loyl opl awlows o g . oslizal (Precision)

el ol 63ls OLES Y B Y laddaly 51 eslaca

H+CN

Accuracy = HIFATMACN A AJa_gb

Precision = ¥ e,

H+FA
Sl Moy lacize L lasy i badkaly ool s
e b bl Mol gl Locat
S Bl J gl s JACIRTS 6\.@&,«)“@);{3
L laasli ol .(Anand, 2017) szs CN M FA H
S Gk ol et 5o S s 4 o Sl el
Sl s e Al Al dss
w3l Cew)s lagauail SVl ls s Sl

Sl Waasls

P Gl (Pl Sbais 4
E) \QAYJLGJ 69> 92 2 J"Ab‘ LSJ.')lS LSLA‘LJ.L
d,ab\ (Y/ TG SO0 (Y nj.g.ﬁ: (\ cw% @' BEEE Ye\q

JJM&@J‘_;:TLSLﬁo;\:i(Oj@LfMﬁ(Y ‘jil‘.

05 § Joo 4535 SladiE 46
9 M/\\‘du) 695 93 )JJL}J&M&L&M

ol dfﬁ;‘:‘}w JL &..é\)\ (5]‘3‘)5(54":'*5-."}‘ ARRK]



S, (T Sl

o 53 e sl aai b e lael sl b ool s
Jlo 55 e edul a2l 0350 Cds [ late 4 FOOY
Jde et 235 Ol e 2dlm ol 53 i L2 Y004
LY Jle s Slalie §ied 428 4 Cas |
253 Olpee ctlllae ol 53 3505 sl oslize slats,
i) glad S s @ (O (ot 02 Je
Sos aod LYV Jlo 5 ol s i (S0 408
Glclos Jldie alie (Y (Y18 Jlo s slalis
o2 S eslial bl 5s b A5l (F 5 ald 5o ol
(Eslahi, 2017)us 4wl 3 oy LIS

&

SO
J.u“}tswf,sd.uﬁdiﬁc,s;;loww

(ot dle 15 Y08 e 5

Jlo 3 (Gied i On] Gy b 4w he

$eL

)44

Ve Lo @) 5 Lot @ EY 555

Jslr o3100 b e (3555 sUaats ) sslisal L o5
JVLRNCIUVERCIN-SY S POV JON (L PSSR PRI o
S eslinad b s ks O el S e S
Sde 53 P8 Coge Vo oslas 4 5 Brute Force s,
B A e e ol A3 sl Csle e Ol
Ldee oo OLL 5B 5 5 v sde 0 50 s vy 2
PESU T RN U W mb.? YO o sl S,y L;LA(:K
Mlaed st 6 mS OBl asew 53l SLEUTH-3R
5k sl (AFD) s LSy 5,8 Sdltl 5 (CFD)
ol Sds Sk 53 250 e ool ol s Sl
Slaesls bl 5 Wlg o Jde S AS o e Laases
SIS MR e S (oluand 1) g ed A, IS0 (St
Sl cille S b glaesls Losdd (giluand anu gy
B3 L s sl T e85 Qantz et al, 2010)
il 5 5SS Sl e Olsie L SIS e )

sdal Sy ol 5 ol Qants et al., 2014) A ol

A =l YO s € s aslse e LT .
5 .M;)\faéw‘bj_’ﬁw{mJ‘{.\JAJJM.&}JAU,L‘)J
890000 920000 950000 980000 890000 920000 950000 980000
2 N 7 - re
- -~
§_ ™~ =
=3 - =
g1 VAAF o S RS
g L
. T T T T T T T T
890000 920000 950000 980000 890000 920000 950000 980000
1 1 1 1
g , A g
84 4 . - . -8
8 - 8
-
O_ —
g -
3 - L8
YooY s YOAY o g
8 L e
S T T T T T T T T
8 890040 92000 950000 98000p 890000 920000 950000 980000
N
_— \
g G g Al gloal, . /
S - v e -
§ . q g \
3 “e¥ . 3 - - s
ol : e R
=3 - - ° e .
o ~o
g i g oo HF
3 3
g Y19 2 % 2 25 125 0 25 Kilometers
& I
o - -
8 T T T T
4 890000 920000 950000 980000

Oyl (ol 4l (g e (S )b LAl . Y IS



e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds

Yy
Ve 5 osdawl g
815116 815117 81511|7 81511|7 81511|6 81511[7 81511'7 81511]7

| L
g L~
© A r o~
© - b ©
©w ©
~ ©
< 3 ©
S B
§ VAAF 2l s, 4 YN ol gl L2
: @

T T T T T T T T 3

815116 815117 815117 815117 815116 815117 815117 815117

1 ] 1 ] 1 1 1 1
o~
2 = -2
g g
= =

e Ny T e
b > 4 [ N
N { \‘
gl VAF J& g Joo &S I R R L W TP PO O B
2 2
= T T T T T T T ~
L 815116 815117 815117 815117 815116 815117 815117 b
A i- ‘sl 2 ')
2L ol rlw
B oS iy
[ R 0 0.0005 0.001
i % | 1 Kilometers

Sl doler 4l (Ji5 g Joo a5 9 (o1, 6,5 (Su, U st Y JSs




$eL

YA
VE- - ol @) 5oleis @ EY B9
s1511ls a1511l7 81511]7 81511]7 815116 a1511|7 s1511l7 a1511|7
1
g_ L
8 o~
~ 1 B
' 4
[
§_ a‘-..-... - & &
L =1 o B
% T T T T T T T T §
815116 815117 815117 815117 815116 815117 815117 815117 =
1 1 1 1
Al glosaly
%'
@ - Axmgd o&a'
4 Arwgl o8l pas
8 Sy g (s u...;, )& Lw % 0 0.0003 0.0006
81 ’ -8 Kilometers
2 1 1 1 1 2
A 815116 815117 815117 815117 %
oW
S 56 S (i sl b
Ol )by (Jolw 4ol o5 e ol (s sl B Y oo
Y Yoy YooY a4y YAAY Lla.&dlm,loi
AR AV AR AR AR Accuracy
\ \ \ \ \ Precision
lﬁ;@&&)s)h‘\@@w ch(oﬁob\bourdjkjbdﬁﬁw
>l gl sdol s DM) Jliis ¥ Jsd= o NAAY AAAY ladle [y sl W8 6 ed il
s /000 VA Glde ool ol &Sl Ol L Lol YO Jle 5o 5 s 44 L Ll YN 5 ¥eey
oo oS 03 azin ol Sl Sae e (1S ol 53 5 el b S Ol Cpomen Cenl Aoy QA

o.LIvA.a:wau.il)b WLA °"\'S|J~’ A LS,}Q\ Lsxg‘-}ga; OJL&T )JJA)\JJ.A Lﬁ.‘fl"” C«w(&b],‘f ladla CL@J
el S slaald oLy sl S5 5 Cowe odas LU

] o.L..::J%j)S ﬁ)ls



e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
Ya

Ve 5 osdawl g
0 Shalie o iledie s Colaw 5 baad
3 VOL s el sl ot A ol
GreS et 32 5 e YO L ply i 500 L s
Ao Jlasl b as e ) Slade glls el il

e 93 )l ple haws IS s (6,8 Sk

(Jants et al., 2014) Lol ~ol 55

Obw )b ol 4l sl Cowss DM Hlado ¥ Jgus
DM
Dispersion Coefficient ./
Multiplier

BRVY

(iass; loest )

€l Llodel Cows (6,5 SKle o 5 O el IS
53 CFD 5 AFD jltie f Jsdr 4 ax 5 L .ol ol

GS N Cod oS Sl pae cpl w4 /) s 0

Ol 8 dla o 4> S0l po F Jgoa

] ol O S

G &1 Cuoglie

osls dwdla AFD CFD

Yo b )

) —./\as — VA

(55 15 e) w8 T8 51 ol ulpd (2 picawlio O Joi

elps

osl> adl> S

ol &) Congli

&e’,} u:. > K

b ya Yo

S5 Sl
a- Ya

= N TR N CE VN
S aih awlis) glad S awlis 3l Jol-
(Y4 s Slaalie (g s 28 L odd oo i
e Sl P 5 Jde Clie S35 syl
Slaline jed comlie) a2 55 ol Glacmlos avylis
b colas 5 SESANY e spaes TN JL s
OLa GUSa Vo ¥ sou 53 Y04l s old o i
sl 53 1 Sod Loy Ll o os 4 e &S 3l
polie & Jsdr bl 5 Ks G Sl AS i
Ol @i g ol 33l Jols LS opll ol
Como 5 CB3 b (el i,y sw i Aol b 45 das e
.(Eslahi, 2017) el sus el (+/49) 5L Sl

Sy il b Sl 5l 23lie O Jsux s
L) Gt (Pl L) o g0 oS 0ol IS Al e 5l ool
il (g g o] Arnw g g e Al e 55 5 eals OLES
ot Ll ol 15l L S 13 eslinl 5y 40 Slalllas
6ﬁfJ§Jv5JL:>l skas Ol adkes cpl 55 YO iy
Sl GLOSE I b e gl edST, laad gt
sede 3l oo 00 e w4 5 L el (56
0553 anmss SO sl Goyb Sl el Ay Sl e
e ol B S S YO s G el (s e
SKl Ol slaail= 3 b 5l s Ld, Jlxsl &S ool
O bl oslr adlr b @ a5 b ioeen
o3y ot daly G 5 e S L g 1S dal)
a8 das e 0L VA L iy ot 4 Canslie o,
Sl 2L s el Al s adlais laggdds 5 2y 5 ol
.(Sakieh et al., 2015)



4

A=
Ve Lo @) 5 Lot @ EY 555
SLEUTH-3R Jute (s sbnt 83 3591y gl & Joua
Kappa o,ll 3l
Kno Klocation KlocationStrata Kstandard
AN 1% .15 NN
(JLA;}”' slaasl C..a)
10000]0 1 3000]0 16000l0 100000 130000 160000
1 1 1
8 - _O
g g
3 s
g X ", &y | “ I > 1 —8
(=3 » ';’ - *[‘h \ g
g 3
84 YNl Slaalive yed 4 VI el e R -8
2 2
8 1 T T 1 T T N
¢ 100900 , 130000, , 160000 .. g 1300007 ]600007
L _ [t -o
8
R - 8
K A'.‘ - -3
S - -8
2 R
s L2
2
F T =
w
5
§ =™
: o
3 sé:* . . % b
§ aay Pt - o o ]
51 YIu glaalie 1 Ve o e
104000 7108000 “<°108000 “°110000 412000 104000 106000 108000 110000 112000
EW Y INEA )
;-
i 30 15 0 30 Kil
g S itlometers
[ e ot - —

Ol (ol 4 b VI8 Jlo 55 (Flaaliio (500 4l b 0w (Ja s (5 e 4l (LS (5981 o .0 SIS




e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
M

Ve 5 osdawl g

70000 100000 130000 160000
o 1 1 1 1 N
o o
o- -
o =3
o o
N o~
o =3
e Ll
o
- ~0
o
=3
=3
=3
o«
o
X 8
T 1 1 1 1=3
70000 100000 13000p 160000 2
- N\ N
o =3
o - o
o =3
o o
o~ o~
(=] o
™ o«
(=] (=3
= o
(=3 o
o =3
(=] =3
o =3
~™ ™«
Yole g
1 1 L
100000 130000 160000
N
& i * ;l . 2 ‘)
W E
Bl ol
9 S
25 12.5 0 25 Kilometers

Oyl (dolw 4l Yede 9 Vo1 sbJlw 15 (55w wwy (St W6 & JSs
Yelde Jlo 30 Ged oninT wdy wpm W

Yobo Jlw pd (550 0ia] oy iy a5V Jgs>

Yo JW j0 e Colino BUSVIRWRW gt Cskew 8L i) 38 Co s Yede Jo ;3 o Colune
(Ha) (Ha) (Ha)

WeolY YY/0A YYM/Y YEAV/¥




Lalpt SUSa TYAV/E spis 4 5 eap LU YYAV/Y
L;LAA_{S C:.,;j B @J""‘ WJ: QMJQL.:..; oS -I\-..Mﬂ‘)

k;wu\ ol 4..‘\)\\'~()~ _9\"\« 6LAJK-4).> d;@.& Ju.i?)

$eL

AY

Ve Lo @) 5 Lot @ EY 555

BEl (el ol enls QLIS VY J}J&- B LY M}i.:l.o.é
o JART-CINS WLER FRT. NS W WV R GRS

Syl s Ll gl (s gd ble coles JL T

bl b 4 (v luns 1 yuuds

4000
3500
3000
2500
2000
1500
1000

805.9 835.9

672.3

3481.4

120
934.9

500

1984 1993 2002

2013 2019 2050

o (,S) oo

Oyl (ol 4ol ¢ sl 9 (§5lwdmd 0)93 45 Conlume Ol pudd 13505 ¥ S

03 3 sl e b Jlsl A Jser

03 bl ol s e Sl 6 el 8w ) adkie
sl ol s b8 ks il b ™Y Sl o0
ol 5 doys YWY spim 53 o cl a8 4
et Gl A el BAS 6t 08 4 L LSl
Al sbead G b Sl el A2 SR 0 e b
4 e S ol adls 00 b 5 (e 0a3 Rb
By o5 Ghls 4 baeslr 4l L Sl LS
oy b 31 Aoy Y45 iomaa )l Cilbs
sl Ol &S WS dalsr Lus (6 el 2l 4 alS

el S Sl @ (5,62 0503 AL b s

sl cole Ol sl VO IKS s

Colas &S A o 0L Jl 77 b a8 S
AVS) 1AAY Jle s (Gl YY) VAAY Jle 55 (6 e
AF0) YOIT Jl s (GUSa ATE) Yor ¥ Jle s (Lo
33 (‘L?L}\f“ﬁ”ﬁ GESa VY ) YoNd Jle s 5 (e
(Dl pedd cpl gy ey dal gt SLSKAYFAY 4 Y0 Jl
Il BVAAY Ul 5l 6 e iy o5 ol a5 ol 6L 58
Jlo 3 S s el SR edle Lo L Y04
s 03 Comexr 3L Ol Jds 4 Y0 Ll B YA
St s g5 o o Sl olS i St 1 5 O

Al el axlse SLSU AlBlL 5 eds A5l

Sl (bl 4 s 1 Jlois T A Jgan

ol 2L g »b Cxlo R alb 9 olib
AYS o[ ¥ /A FEASE
¥/a5 YV T Y/ b
Voo Cuo
o VF/A) AY/\D Y -IAD o[+¥ b
ooy ¥/ DO/SA Yo ooy alS i
ol




e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
AY

Ve 5 osdawl g

(YA 0L, 5 Li (Y4Y4) ol,a 5 Agyemang
ezt el QLSS (YHIA) O, 5 Martellozzo
o3 plil D5iS ol Al S SS 0 ok
Sldlae 53wy 3550 Sldlae sble L5 oo
s Mahini  «(Y+V)) Karimi 5 Salmanmahiny
OYAP) by (\YAQ)  sw e (Y +V) Gholamalifard
OTAF) a5 515 inr ((1FA0) OLKs 5 Jgm)
UL 5 Bihamta «(Y+V0) OL,a 5 Sakieh
s Dadashpoor 5 (Y+\¥) Clarke 5 Mahiny (Y+10)
el o lize (Y014) O Kan
S i S e e 0L dde Ol IS
Cooslin ol s axdllas 550 adbeis 53 (g g Al 4S s
Ly a5 e Ales (L1 g el wdlr (ol
Oapo ol by S ans Gk Sl i el
D e L Rt
S Al 3l de Bl bl 0,5 0 s B
A il sy IS adlee S 55 sl S
S Ly 53 7S GBS 5 S s el
Ll glaad 2 dnn S oS G cpl 4 il g e A
sy Sl gd slacaleyy & gble s gl
Los el A3y 5o dalss 2 g meS Jlel L o)l
ol 0lul Jalge 5 gl ot Wil b Lilse
Al GBS 5 b e o bl Opes
OB S agie) Olpl s SLEUTH Jue slas,ls
il S L U5 (25 5 s Oleiel ol
Sldlas cplhs et Lds Sl gll oiS s
Sl Cle a el cpl 45 dmes Sslie slie s
5 e3g il ble s SLEUTH (iludas sl
S oS gl opl polie S Sl odd e
osk Ll wallas 550 adle s Dlo s
rl 3 edel ol sl s a4 55 5 Ol e (s
e 5 Jsws (OYAP) by Slalllas ol candllas
03 S e Al 15 (Y40) Ol,Kas 5 Sakieh 5 (VY40)

S5 4o 9 Lo

Sl (rtege Ol S Ul 4 Gt S
o=l s 4 baee &8 ol sdomy ploby Sl
o A Sl s ol 4 5l At sy Coner
Sl 03,208 Sk L olpen TS nl e e
3 et 5 s 2L O s 5 ess ol es
5SS ke w5 M Glapteen S
L .(Sakieh et al.,, 2015) 4 waly LS d48 LG
sl by 53 Il e VY 5 W) sl & ar g
5oL 5 sl Ol al ST S8 S 5 s et
Olsle bowg &S Gl W5 5 O pae S e
SV S e Sl cwd sld &1 A e
Gl 0les 53 i ol Uil s e 5
L sl asdlae 5y ol 5ol Al bl 5 65,5
ke Ll s 5 Sl A sl S el G
b el s AUl Gl Dk 5 et ann s
el Olewsly Ol g 31 (aemy ooy Ol a0 Ol
SOL 3D s s (el Gl e Sueal LS
K25 s oSy 5 oS b 2l
tg flsl e 3 03l wlinke oS cadlie
P P A 5 g s e Oorles (Gl - s
ol Cose OYA (U3 s solanl a3 S 8
ot 5 bl oy S e Ol 53 1 Sl
Olpoasliy 5 O-Lb 4 Sl Ses olon o
S b i Sl oslind g 3 e e
Aal g Sl a4 alies 5 s B slacon]
3 o

aiens oS SLEUTH-3R Jue 3l eslacal b andlas -
Gedds glsl 5 S SLEUTH Jue wl sy
Sk ol lale il bl il (5 glad s
Sldlas plas L coslinal 3550 Joo g0 5 el o5t I ]
s plol lalllan b Lol 035 slite 5525 3 0l planl

(Y2Y+) (Y+)9) jat 5 Saxena Law 55 25 5l ol )



(Y410) 0, Kas 5 Sakieh (VY40) O Saa 5 Jsus
(YYA) 0 5 Li 5 (YY) 0L, 5 Agyemang
s Mahini Sl ol Loy adh il
(YY) eale 5 515 aas (Ye+V) Gholamalifard
0L 5 Dadashpoor «(Y+10) o,Kea 5 Bihamta
Jat 5 Saxenas (Y+\Y) Clarke s Mahini «(Y+149)
oo Mie cpimees 34l Oplke (YAYE) (Y4NR)
okS|y sladd s anu g &S Conl 4SO ol Lse i
Al s el m5 S Jlal b adas (nl 55 (6 6
Rl AS o S et L Slag sl a5l
s Mahini s JGass glaasl L g3ose
5 See (OYAP) s, «(Y++V) Gholamalifard
5 Sakieh (\YAY) saale 5 313 aa (1T0) O,
(Y\0) OLa 5 Bihamta  «(Y:V0)  OLKaa
«(Y+\4) Jat 5 Saxena «(Y+V4) ol,Ka 5 Dadashpoor
Ol 5 e L5l (YOVA) OLea 5 Li5 (YeYe)
2 S Comal g0 b g2 Ay S oo
Sl G el Ay bdes 5 axdls 25 s gl sl
s gL Wb, (JB s Jem &S O else
2SS ope

woaddaie gl > B S s sl Sos (5
el ann g 3 ob 3l g es Ldy Sl e
Coge Sy My Lo gl s oS Jll L of
G sl s oalml € 5L 50 355e opl 3,5
S le 5 (Bl 31 Bl Cor e 5 03505 S |,
5 Mahiniobles a8 dales b gd gl
(WY20) OLea 5 Jgw,y (Y+rV) Gholamalifard
5 (Y)4) Jat 5 Saxena 5 (\Y4Y) soale 5 5l5 dax
S o Aol |y 4l (Y2Y0)

e cpl 5> G axe s (IS S ent Olgs
oo aaS aed Sans eslanal Oab LS 31
Saasd slwl i 5 sl s Lokl L 1aST

Cond b gl glaail> 51 30 WS, 5 (66 okST

$eL

A&

Ve Lo @) 5 Lot @ EY 555

3o o) bl SIS Gla S el
Of el obae w0 la g &5 ol ol o ge (K2
gt 53 g adl ane g balass s bles L5
2 sk St aamy olSTRS Ll (n e
ol oo e gl 5 ol il Jld gla i
3 S Saiasy b oadlas ol glaasl (o g
5 Sakieh ((\Y4¥) ale 5 35 aas (17A0) O,Kan
Saxena 5 (Y+\0) o), 5 Bihamta «(Y+10) o,
sl L Ll syl cilas oYeY4) (Y014) Jat
b «(YerV) Gholamalifard , Mahini  olalas
s Dadashpoor «(Y+\0) Ol,Kea 5 Sakieh (\YA%)
Agyemang «(Y+\Y) Clarke s Mahini «(Y+14) o,
3ls Sl (TVA) O e 5 Li 5 (Y214) OLes
g boade b 53 e A3, s g

St s eas e gl bl baely s Laeslr
oo B 5 Jom KL adl G gd anes
Sl 5 5 5 Jor gt cxle ol b 3,8
JJVRRTNCENE SV R R RV RS
s Mahini Cldlas L 50 a5y daler
5 Sses (OYAP)  ad, (Y++V) Gholamalifard
L85l (Y000) OL,Kas 5 Sakieh 5 (\740) Ol,Kas
iy alaly Oog e B jasie jib o4 5 ey
01,8 5 Dadashpoor cldlas U bael, aKis U (6 ¢
O, 5 Bihamta (Y+«\Y)Clarke 5 Mahini «(Y+14)
s Agyemang s (Y+Y+) (Y+14) Jat 5 Saxena.(Y:10)
S 3l edasOlis o el et (Y414) OLKen
Ly gl S Ol 3l b g anw s B 5 Jo
ol Gl S s (Rl e e 4w L
030 ok by gbaasd wnn s 3 b 5l iy ddls
2l Sl eslial 4 5l s ol das o 25 6
L st gl ngobml 5 ba gd gadls dds )
A el b e Sl Cblis Corse g eased S
OFAP) s lass ol plnil Slalllas L aily oyl



e PrBr Yl B (g pqptid Subsy 5951 (s yi 9 (S Iwdsuds
AD

Ve 5 osdawl g

wald 4 3l - Bt L) et 05 Sl 28
Sles ooss asdlae nl 53 als oy miie U
B S 5 5 s e Bes L0 i
SLEUTH Jue iy sl o 5 oyl 55 oilin 5 Shas @
e pamial bl sl glaimes el
LBl oo 1 el lassain, & o0l gl
LS o oald d SOl Il slag S
.(Mahini and Clarke, 2012, 2013)
Ll candllas opl b alin Sloj oy50 b ladlles plail @
5 Salmanmahiny s (Y+\0)ol,Kea 5 Bihamta
5ol 5 SLEUTH Jute Sl eslizal L (Y41 1) Karimi
(ol 3B Jke ol a8 das e 0L ool oy L
e ol Sl by il (g g bl )
.(Sakieh etal., 2015) .S Jos
oz Jelye 5 SLEUTH Jus oS ol w0 x5 L
Ll s SUl Olx gl &Sl gl
e Sborlns s ey BSas b S
Olss 4 J& 5 Jom a2 Oszen plozrl —(goladl
Able 3 350 o dwo 5 S o eslital (635,55 sleesls
s 53 03 S b a el sl Sledbl &S
Jlo b 5hecd 5B gt 5 G B 4 5 eas
53 Jde b o lal 5 WS oS shailas 53 eslizl
S5 Slaesls 4 gyt Ad, sladde L b alis
o 3 bl Ol sl bl S g %s
ol LS e eal A, et 5 g (sla sl
Olye 4 SLEUTH e S ol sl o 0 (sla S35
2 Al sleand Say eS8
N TR A AR R
Maithani 2010; Chaudhuri and Clarke 2012; ).s 5.
L .(Norman et al. 2009, 2012; Sakieh et al., 2015
Loy oo ko ARl (6 ey Syl 4 ax s
22 0 ey ad il il 5 sdate fulse

35585 e s oleand sk 4 sl Slalas

SRl ol el S LS USE 5 S
s A °J'-5¢:J‘-3 Jole 95 omen (s Ll
Lis Ut |8 5 Jor Sy SIS 5 ik
B YN Il 5l e gbbie coml e )b 4y g,
dalg bl e FRAY 4 LS VYo YO
DS YAV L ol 5 VWIOA Aty &5 Jsles o5 3L
sl Colaw Olsd Ly) ey p ds sl
Ol g ol 5l Sl e Jl 55 b _alSes S
ol o [l e 4 Ye0r B YN JL 5l 58
SN o oo 55 et a8 ple s Jlez|
Comlass 31 Ao, YV s5us 3 a8 IS 4 ol A
o ol s el s s sl 4 nb Sl
Sl g S8 Rl edins DL g Gl g
e Ot 5 Olnds lp Ko s Sl 5 Tl
Olgen 0131 e3lizal L 4 el (g31ladir 5 A Ol g 4
lize e il o] s 1 alete (6, LS, S
Jites OF e LSl 5 i las slacd b
ol 5 2 b S 58 Ol A ) oS |y S
ey bl s Al ol res e 4 sl
3 AL Sl e Ol sl 4l s oS
AL s s oSl 5 S S gy 5 el LB
5L s e el o wilans St p S 1 5 S
Sl Glanaby 3 spd e o5 XS o 5olpds
Jdd e 45 ST, 5 i (e slaad o ol
Sed Cales (S Ll i @L;,: e 5 ool
Il oo 53wl () Gla gl anw s 5 0 oS
Osd w2l Sl el oy Syl iy 51 illas
St Sl 5 4 e S et 00 edlan
Sed IS 53 wps) Sose 03 5 W8S Dse (lies
G5 (pl 25 plnil b ed Glaail 5L 5 el
BT s g Lo Sl 5L S0k el LS s
Al sl Y0 déljadb;ﬁéuw;lﬁsz & g
«(Y+\Y) Clarke 5 Chaudhuri &lsles & a>45 L



. Geographic Information System
. Cellular Automata

. Agents

. Fractal

Slope

. Land Cover

. Exclusion

. Urban Area

. Transportation

. Hillshade

. United States Geological Survey
. Thematic Mapper

. The Operational Land Imager

. Global Positioning System

. Quick Atmospheric Correction

. Graphics Interchange Format

. Accuracy

. Precision

. Hits or True Positive

. False Alarms/False Positive

. Misses/False Negative

. Correct Negative/True Negative
. Dispersion Coefficient Multiplier
. Cluster Fractional Differences

. Area Fractional Differences
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