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Summary

This research aims to study the role of remote sensing technology in simulating the
future urban development of Medina during the period (2007-2027) using the Markov
algorithm (CA- Markov). This study presents a spatial simulation of the urban
development of Medina, combining computer science, mathematics, statistics, and
systems science. Geographic information and remote sensing by relying on the Markov
algorithm (CA- Markov) to create a matrix of the current and future urban land uses of
Medina during the period from (2007-2027 AD) based on the IDRISI 17.0 program.
The study focused on the time period extending from the year 2007-2027 AD, in a time
sequence of 10 years from the current year, as follows (2007-2017-2027 AD) in order
to determine the axes of urban development for those years, and evaluates the accuracy
of the simulation for the year 2027 through the years 2007 and 2017. according to
natural and human factors. The study relied on the traceable survey approach over
several time periods, with the research being field-setting, laboratory, or simulation, as
well as the applied technical approach by building a geographical database of all criteria
and determinants of urban developments for use in building a Markov model in Medina.
The study concluded with building a model based on technical integration between
remote sensing data and geographic information systems to overcome the problems
caused by traditional methods in the monitoring process by measuring the accuracy of
monitoring methods and evaluating the veracity of the Markov model in expressing
spatio-temporal predictions of urbanization in Medina. It was found that the average
annual urban growth rate between the years 2007-2017 was 5.69% and reached 7.32%
between the years 2017-2027 AD, and this negatively affects the accuracy of the
simulation. It became clear that the future urban distribution of Medina for the year
2027 AD took a northeast-southwest axis, with the southwest direction affecting the
distributional direction of future urban development by 70.1%, while the northeast
direction by 29.9%. It was also shown that 19 neighborhoods will witness a high urban
density by 2027 AD at a rate (2439-2744) building/km?2.
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hiuen : Probability of changing to :
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(lass 4 139199 1898 237685 536875 2 197
(lass 5 668 1 48657 3926 33393 88
(lass 6 246 B 2913 41 b 1443
JuEsY sbls ddsiee
tmpclass_1 IEI = @

Markovian Conditional Probability of being class_1

e

e g0 O 2y b 2l VY1 o0 o Gl feig) SV Ciasll b 20 VLV 500 23001 0 s
(J.::.\a;.!\

b il ¥l ygad BLEYL JUsY) Aty JUSY bl Bgias (BSile £3sé w2 (11) IS
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bl s 2358 M5 e Gleadl poladl] boadl Jlaas Y1 850 L0d wn Ly tasWN Al L
Amlal) Ssad e Tlozel 23 s (MCE-AHP) bl Jolod) ados Jds — soael
(raster) &5 Bhas Aand )l SV 235 (3 At o) allae gay cylpmdl olasll 3,2
a1 by Ully Gl ity sl e o et ¥l ) diladly a3 g2 4
gl Slshd) aissez 5 b e (Vector) ks dru

¢ ARCRASTERGIS I35 o (ASCLL) i dapwe 4] hsd dns Slelis) V) o308 ohana)
Ay Gl 8 sy el ey det a1 Ul de ) adlailly 23031 (gl ol ¢ 25 ey
Jl ikl tall o lsadt Lsd ¢ (12 JKs) SHAPEIDR. 3lsl JSs e 53 b,
(13) e ((RASTERVECTOR) 1Y) I3 o )l drnall

salall e Bl BLAI e pad 2y (DISTANCE) 31591 I35 e 20 3Y) 2L Gl
(14) JKo g allal) mod wBsn o il 2ad sy Bl o Sl 2za o glis,

= sadatll julall o 2398 Gadai M e DlsaB e (el jgladl) JlexV1 550 s LS
K (Decision Wizard) L3l fles pliscnl (MCE-AHP) bl foldod) 2o |2,
G (A Bl LSl a (225 o1 S35 ) elgall 8y :(Factors) Lelgall ad & .(15)
IDRISI) Ll lie 255 5 39LY) Lo lin 16 (0) o (255-0) olall plosat oz

.(selve Help system
of bl iplal byl gl wu G (Fozzy - Factor) M o glwd)) pldl) Ay
LA (g Bygaall Dl g Baall W) S e 2l et o @) (1) Sl b )b
IS tapaall Jleld JICa1 B3 dla Of o L (542) bile IS5 5 o LiSas U g5
oLl 43 ol ox &5 il 3341 ,Las) Of :(monotonically increasing) a5}l sl 35051
pod dmss B e s Sl 52 BL Jan (3 wly B Beedle 15 U 500l
sl iy & 1(monotonically decreasing) pailad) sl (s SV UL 8
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Bl of bl Ko aeede Bmys el U alaall 20 a0l OF JI sl plady)
iy 3 Sy zisis dagde Wb il aad BT 0T ) piy bl jlesl Of :(Symmetric)
SV Sblacld aeeI am Tos 05 aa Ll e Sy ] fad 2> Letasdle 2135 e

.(IDRISI selve Help system ) A 5 LD ) S Eg AN

bt gmiall (Sl Ll o3 :(membership function typ€) &swaall Jlsll ¢ 5l 504 LS

A-B-C-) o (D-C) of (A-B) Lol 055 blis atn e spiaall S8 v DI (3 [SCig
& = Akt W) e (linear function) dkadl A1l 1 sy SN Ryl Jisl §lsly (D
sigmoidal ) duedl 1) V&; Ghb e 3 me n ) A (3 el i)
AL 5l dad (3 caall prd Bl reol RaeM (3 i) 06 i) DI ¢ (function
J JSedl aiby we :(-shaped function) J K& ) L Soudl blay &)lhe (Sl bl e
g L (O0) 2D o a)lie j8 aao o)l ST AN s AWl dee M e SN 065

(IDRISI selve Help system) assM o Soime Sla J1p ¥ cied T 3 &7 )

L4< (3 (AHP) dele :(AHP- Analytical Hierarchy Process) bl fobod! ddas LLE
bl GU3y Lelsall o dpall dpitd (3 0501 Sy ey Liame ) 3Ll ales U6 e O13Y)
Jores oy Al dilons o sy OV i Fy sl By @ el e S el 13
Lo ) IS e s 208113 Saleg Usle 2310 Jaall (3 JLA 0555 06 k) Y JUEl)

ity dptibl LIS 2l 51 JLd 0655 a5 gandl )l Al oo doize Jos (3
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SHAPEIDR - Shapefile / Idrisi conversion o = sl [= e =]
(+ Shapefile to Idrisi 7 Idrisi ta Arclnfo raster binary format
(™ Idrisi to Shapefile " |drisi to Arclnfo raster ASCI format
" Arcnfo raster binary format to [drisi

Input Shapefile : |E-\pmject\wnrk\dem\MAHKDV_F\U J @+ Arclnfo raster ASCI format to Idrisi
Dutput Idrisi vectar file |C:\project\marknv_mce\Zm Shuhairm
Reference system |p\ane J Input file: |C:\project\markov_mce\09-1 G-dem-s ...
Fieference units meters ~ Dutput file: |DEM_ID
Uni distance : 0 [ Convert output file from real to integer
Title : | Output reference informatian... I

o | Coze | Hep | 0K | Clase | Help |

SHAPEIDR ARCRASTER

o] = =]

543
592
841
690
739
788
837

Vector data imported from ArcView ShapeFile Type Arc

936

985

1034
1083
1132
1181
1230
1279
1328

L5 gyl el #3468

sirport_area (= R R =) T =N >

Wecfor dats Imporied from ArcWisw Shapefie Tpe Polygon

1 Vector data imported from Arcyiew ShapsFis Tipe ArcE
1
ylaol) 4 &1 ddlad) 3kt 4SS
historic (=] =
e cemetery =] & =]
=3 Wector data imported from ArcView ShapeFile Type Polygon
[ —

53 bl )

Y by iy pidly dmplal) S13US! o aet (12) S

1
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4y Jl ol - B5Ske Apaiylss
=_|L o2 RASTERVECTOR - Raster / Vector conversion EE=
WVector data imported from ArcView ShapeFile Type ArcZ
. o RasterMectar - Vector/Raster
[ 1 * Vectartoraster (™ Raster to vector

Conversion option
(" Point toraster (v Linetoaster (" Polygon to raster

Vectar line fle : motoway J
Image file to be updated Cprojectmarkov_meehi03-18-d: J

0K

Cloze |

3kl K RASTERVECTOR

= = == ravines = =1 @

Vector data imported from ArcWiew ShapeFile Type Arc

Vector data imported from ArcWiew ShapeFile Type Polygon

I o
[

A A et el el a2 Al

= = EZ — = =2
wector data imported from ArcView ShapsFEs Trpe Polpgon Vectos dats kngsorted from Arc\lew ShapeFlis Typs Poligon
I o . o
I 1 I 1

L4 byl Lk

LS Bagad) J) Gdad! Bagad) 0 S1SAS 68 (13) SCa
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dis_ravines = 7 .

DISTANCE - ditance andlysi B~
1926.97 D
3853.93
5780.90 F .
7707.87 i
s oe EalIE Mage motoway J
11561.80
13488.77 .
1541574 " "
1724271 Output mage: dis_motoway J
19269.67
21196.64
2312361
25050.57
— 0 e | Hep |

L 28904.51 e
30831.48

PP e DISTANCE

R (= @ [ || dsmotoway (o] @ (m=-
" | 0.00

r
S UTEE
el 314966
e 4724 29
12470.01 fziins
earin 7874.16
18705.02 i
e 11023.82
24940.03 e
‘ 28057.53 14173.48
31175.03 I
3429253 1732315
37410.04 IERTTEe
oo 20472.81
43645.04 22047.64
e 23622 47
TEEER 25197.30
A e ke V) Ul e S il 3,k 4SS
dis_historic EII = I@ dis_cemetery EI = @
r 0.00 | 0.00
3060.45 302257
6120.92 6045.14
9181.38 9067.71
1224184 12090.28
15302.30 15112.85
18362.76 18135.42
2142322 21157.99
2448369 24180.56
27544.15 27203.13
30604 .61 3022570
33665.07 3324827
3672553 36270.84
39785.99 35293 41
42846.45 42315.98
h SEELRAN 45338.55
4896737 48361.13
. n “
a5 gl Al

Olsdonal] LAY BLL Ol (14) |

1
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Multi-Criteria/Multi-Objective Decision Wizard =] = s Multi-Criteria/Multi-Objective Decision Wizard = =[S
Objective 1: ub Introduction:

Create factor images outside the wizard using IDRISI modules. The specific sequence of steps
vou use o create each factor image will depend on pour data,

This wizard will step pou trough the multi-criteria evalustion and, optionally, mult-cbjective
allocation decision processes. The wizard will save to a file all the parameters needed to run the

Before they are combined, factors must be standardized to a scale of 0-255 where O is not \DIRISI maduies. Click the Help button for mere infarmation on each sereen

suitable and 285 i perfectly suitable, The wizard will facilitate standardization of quantitative
factar images using the module FUZZY on the nest screen. All ather types of standardization

st be: dine outside the wizard and the resuling fantor imane names entered here ‘w'e encourage you ko read the Decision Support chapter of the [ drisi Guide to GIS and Image

Processing Yolume 2 before using the wizard, The MCE section of the |drisi Tutarial ilustrates a
worked example.

Multi-criteria evaluation is a process in which multiple layers are aggregated to yield a single
output map. Often this is a map showing the suitability of land for a particular activity. Howesver,
it could equally be & map of vulnerabiity or same other parameter that is 2 composite of multiple

Specify the number of factars ta be used for this objective and enter the input Factor
filenames. Select standardization option and enter the output factor file name. The nexst
screen will standardize the factors using FUZZY.

criteria.
Input factor flename: FUZZY Output Factor fiename | A Mumber of factors: Multi-cbiective allosation is 5 process in which the mast suitable areas for each obiective ars
_airport allocated to that objective. Conflicts between objectives over desired areas are resolved
" = 5 =l through a compromise solution. This wizard may be used for single objective as well as multi-
dis_cemetery Tex fi_cemeteny = ohjective problems.

dis_histaric Tes ff_histaric " Remaove fille ..
Help Sermas Close | << Back | IR=12 Cks2 | | =368

Igall Lot 5480 1,80 & as 580
J

S E— Multi-Criteria/Multi-Objective Decision Wizard o] @ s
= [ B E= Dbjective 1: ub

; - ] . Specify factor standardization
Factor image for factor 'dis_airport_area’. Factors to standardize with FUZZY

o Factor number: 1
M. ) . dis._cemetery
s nput factor name: js._sitpiont_area do_remele
a2 Minirnm data value: 0.0000 dis_ravines
48 Masimum data value: 498801000 dis_natazy v
64
80 Mernbership Function Shaps: o Mernbership Function Type:
. C.|
96 @ Monotonicaly increasing " Sigmeidsl
112 ;
128 7 Monotonicaly decressing " Jshaped
143 ;
159  Gymmetric # Linear
175 .
191 Control pints
o s [00000 b [7.0000
223
238 Heo | Saveas... | Close | <<Back | [[Hentss ™}
255

suitability

&

Q) Lkl At il s o e el jllas Blas | b 0 sllasy BLoYL D1 [SKhg £ W BABL

WSl

Factor image for factor "dis_historic’.

)

ff_motoway
Factor image for factor "dis_motoway'.

e L L1 B —'
G\

o

112
128
143
159
AFs
191

207
223
239
255

20

112
128
143
158
175
191

207
223
239
255

! Ll sy (D)ool Yl 348 Gl el g Ay 33 (12
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WEIGHT - AHP weight derivation =N =1 o=
ff_cemetery =
Paitwise Comparison 9 Point Continuous Rating Scale ———————
[ 177 175 173 1 3 5 7 9 Factor image for factor "dis_cemetery’.
eenely  vaystongy  shongh modeiaisly  squaly moderstely stongy veryshongh  ediemely 0
Less Important More Important E
Paitwise comparion fle o be saved : oo | Calculale weighls 3z
48
laipot [Lcemetey  [F_DEM thigway i bistoic  [f mountains A B4
f_airport 1 a0
_cematery 1 5
FOEM |14 172 1 11z
Lhigwey |12 1 3 1 ﬁ‘:
fhisoie |1 1 3 1 1
Fmountsins |1 12 1 12 2 1 18
f_mountaing v 175
N ’ 191
Compare the reaiive mporiance of {_cemeteny o _aiport 207
223
o | Cose | Hep | Z=
255
§ e - - “
(u\:.\é\) JA\}.«.U Ol cllaslg ‘“5&.&\ M\ Jes &é\*‘"“ w\..,al.\ Aol Ay J.g\.il\
urban

E==E-n =
MCE result for urb

QY1 8900 o6 a3 25 (MCE=AHP) o3 fkod) kot Jolhs — 830ab sulab) gl 3 903 A\gd) imecd

el el Lo 21
Lalyldl D13 e lyanll yglall Sl 890 sl ighas (15) JSs

(CA_MARKOV) zatll CsSle £35f mli 2,09 ks 3okl o2 Ledy W) Al
3 oy Bghan g JUESY) Gble Bgias o Bl -1 ol e sl
Jlam) jso Sla AU e oA oda Ly Oy Blias o ) Usd w5l LSl
o JUESY) bl Bgian 0 S mjgs o S b dd) VL1 g0 o JUisY)
o Gl ol boadl Jls V) 800 it & Gy byadl JleaY) 550 25D
2027 sl o291 slbdll 3 jshodl 3T madll OsSile 7358 ey Ll 35S s
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Gl okt sl JlaY1 300 i dm byl Jle V) s (JLasY) sblis 2550l #lif
(18 416) Jg.\:ﬂb C,,.aj,o BY) \.o.f42017 f\.x.j L;\pj}!\ Uaall Sjj.va (: (.(MCE) CJ.S'-

5531 e (IDRISI) &by JY= - (@ccuracy assessment) Bl i & LS

cil G p2017 plh i Gt dlay iy 381 2k s etz g (VALIDATE)
ol 2,1 elladl) 35T dlay s 2lily o0 Lo (17) S 3 LS(0.79) LIS Jolas 203

#2017

I urban
—
[ mon
[ space
vol

[ soil

[= ==

Chprojectimarkov_meehD3-16-dem: .. |

Basis land cover image:

Markov transition areas file: [mpuansition_areas J
Transition suitabilty image collzction [rewze ]
Dutput land cover projection [CAprojectimarkov_mesh2016hAz0l .. |
Mumber of Cellular Autemata iterations: [0

& Standard 5 # 5 centiguity fiter
€ Userdefined filer

Cellular Automata filter type:

DOutput documentation . |

OK. Close Help |
- £ . . - . £ .
SsSHle — el Slagdl £3gé olas 3151 (16) IS
Validate: [2018_rmoadl] V.5. [2018rec] with no stratification = B |-
Wiews az Text I
Multiples of Base Resolution (MBR): 1 = 1 Information of Quantite
Infarmation of Location Maln] Fd ediurmn[m] Perfect[p]
Ferfect[F=]] 0.47589 0.9597 1.0000
FarfectS atumlFx1] 04783 EE [1.0000
M ediumGrid[hA[=]] 0.2902 0.8310 0.8252
MediumStratum[H(]] 01429 0.2413 0.2425
MafrI=]] 01429 0.2413 0.2425
I 4greeGrideell =n0.4237 [l DissgreeQuantiy = 0.0403  Kstandard = 0.7434
- AgreeStrata = 0.0000 l:l DizagreeStrata = 0.0000 Koo = 08028
l:l Agreelluantity = 01934 l:l DizagresGrideell = 01237 Klocation =0.7919
- AgreeChance = 01429 ElocationStrata = 0.739139
MBR: 1 =1 - ] | E|| Save as ... | Print... | Close << Less

(VALIDATE) 81331 J35 o0 35181 885 0ol dongs (17) S8
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Sl gdly gladl Ll

AW gl e blE ae 3 od) s e gl -

Al 23 ad) Slaglal) (laig aad e jlasaa V) Sbly 8 S et 348 ol -
iy ol Gl B 3 IV e do )l Bdlee (3 B Gl s ) SUSY) e
35l 2l Oleall Bsbll — U sl e pend) (3 BsSle 308 Bo s

sl o Loy 205.69 b 2017 - 2007 e o Lo (sseed) 3load) godl Jitas Lowvgzo —
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o @ wrr (Bb W 2 22027 plad 8l dpiell L) sl ) s -
Jletdl ol Lz %0701 ey Lined) glaal) jshodd i) sV o 3 3l gl ol i,
Sy 3 T 3 amaglly B OLWYI e dege sy o (00299 1y 320
— et S~ Sy ladl w3sl) b Lean ¢ Ldndly QU OLesd) s
aaladly —dmd) adl - &) SO ke SV andly (RasY) 2y plend) Al sk

(OB by lally sall de o et o) Ul e 2
dilate (3 Lhaall LM A lee Lawgie dpad I o U3y Ashanll LU sde sl 45185 -
5yl apall alizd) gLl sae OF (s G Bghadll A3kl Al L] e Lzady 2yl
a5 Ganad e slazeWU adgd) (SL sde @)l disy (o T 504 8 22027 Ll
ol Sl mdl ey SL sae e (S T 3220 U1 2017 ol astiadl
ol Jlam Y el ) oy Sme (T 249 sgans ol dgazll SLL sae 11, 2018
SLlisae 05K iy %065.3 a5yl il gen b dsrzll SLL 0T 44,2010
s et s Of ud by 35l (STl e &lhe sy Ss al 381 52 2017 214

%18.29-

Jans 22027 ple ol Slsy aullll g5 o Andie Blae LS G 19 i -
el ez U1 (1) 3, Jotdl o s LSy (W) sl e %087/ 500 (2744-2439)
Lol ot sl Yl deges of A Sy e 33laall 5L

5 H g o BUSTH Shsal o Ahaaill Bl el BLST) Szl dbuns (1) Jgur
sl ds gost
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LW ol o Sl s ol s 5y Sl 2 550 3 Al o5 (kg =2

& Aol BUSY Gsb (3 2zl 22027 ol aliznd) ds)eal BESY 2550 jLzeVL A5Y1-

ot 1 By 21
2 e 2
35}.‘\1 -1 yil
PYCIPR T IO gl =i 3 g | oY 3 &
§,2312 o) g2
okl 4 LA 4
Olais J:;5 L35
1
W1 %S| 382 %S84 %S5 256 | 2s12 2WS17 | el

BLOYL Ly, Cgidly 33,805 48 20 Jletdl agdl 83 ol e Lt (goud) domndl A2

2315 0dd Beatdly 29 Mg 21 (Ol Blele mn Rppsall o (3 Szl el 23LS

) e G b s anal) gy U BUST) (oolad Camsill L8 e dwiid) Jold) (3 L) -
Sy o) i) 3 Bilend) S G5y g (1) (72 Blas Gulall e s 2gmg) U
Aoz o) ey el s Al e pesli) panably mlnold 20 AT e B s
S RN U JEN B P T S BT E I O TP [N QU EAN g TS W=

22030 sle Jyle

3 bW delal &bl ud e lazanVly Ad)adl Sleglall (Jm ol )5 89,0 —

S oL el e S b e SLEl e el e o de ¥ b e el ds Al b wbl oy L
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35 2090.67 W LIyl Criadl B> caly a5lad 450 ainas s slaxsVL %18.29-
272.73 Gl slod) Canas

C)Lﬁjlxl\ (,la_;} .,\.xj U,Q me‘ QL,:"I" ipols Z\.:gJJ-\ QW\ f\W\ L} cﬂjﬂ\ 8))}“9 -
abw SV @ﬂ\j 2SS BV al ) dw o i) Bl el wlsadl 312 (3 il Ak

BpS d-lll

Gl Lol (3 sl 8ysal) Al dlalad) daall Lol Bham Slaghes ol by Jo fosll -

BLOYL el Slalll @ asll Wgllacly cadlad) ologlall (o 3 23l cliy ploxa¥l —

Lag F3LA B2 G dd Bilad) Slalll amrs )

Agrlyey hsll apall Lil) gl ol we Joleill 2SSl o jpualy das oy
2OV e Mms S Olaal) gt 2lals Ggaty 2ot g mo Laie a5 B gl OIS
5 G lsdlly @lsllly (Bl e e b e Bibeall Bl gy Lo S e 22l
APENEIE PR IR FIEPNRERTEY

o e ezl LU 3Ll lies e 2asld) a5 Aes M) 23U gty ds ) 550,0 -
OSE G A 5 e B U et el STy ad e lesanly At Sleglald
el oISl e foladl e LN Pl

S5 2 hl Bl aal) Aail] ol il Lagdogs ¢ 3201 Jlaidly (gl gl el slacel —
S ol e s g 355 (Slsad —o LISyl bl e sl

JB o By Bpny b Bl gl 4 o ple S0ty ilall il U Lab2 oy 8,0 —

MBS g Gue) 378 ST By ad) Gl Al gb.f s e Sy (ol ¥ wld wlgd
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c?b&.\j )J\nﬂL‘
gl Ay ar b -1

S S iy a0 Al s Obedl) 23Lax " (2013) (et s Bl g

cAgmald] 4 2l

Sl 8 ol g el BSlas Y 5 2SI wdad (1979l ol L)
Ol

I3 1ol Tlady sl adlany de e ladan i) (3 i (2012)c00al Jo Ol jenlt
VoY) ity 2l oy

Al 3lsY) dgme 1" AL L ekl las Y1 (2015 ) et cdan (glamedl)

o oY mgsdly all claall s oles oAl a8l (2002) b i (!

pskall (3 Lmalh) Lo lly gl slae] (4] Jsall ".(2012) obedias (28
eV oYl ags G s : oL ) s laas V)

1o Tadadl Slaslell (a5 bl @ g Lol el (2012) cans caan 391
psemadl iy al) AL e S
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gsgnnd) gl AL i SU

1o Uk okl (sl @ G Jdodl el ((2012) et aaa o34l
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— https://www.youtube.com/watch?v=cqUCoTU(qTVE&t=284s

- WWW.USsgs.gov

— WWW.esri.com

— www.clarklabs.org

— www.amana-md.gov.sa

— www.mda.gov.sa

- WWw.Spa.gov.sa
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