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Summary:

This study aims to study and analyze the urban expansion of
Mahaweel/lraq for the period from 2003 to 2020 using remote sensing
techniques and geographic information systems (GIS). To shed light on
the applied importance of remote sensing and GIS in the study of the
urban expansion of Mahaweel and to highlight the effectiveness of these
techniques in designing digital maps that facilitate dealing with it. As
well as to produce accurate maps to show the stages of urban expansion
witnessed by the urban expansion of Mahaweel using spectral indicators
(NDVI, NDBI, and NDWI) and then producing land cover maps for each
category. In addition to knowing the trends of urban expansion in
Mahaweel, Then, calculating the quantitative change for each land type
from 2003-2020 using Landsat 7 and Landsat 8 satellite images in order
to give good perceptions of the expected changes in the future. The
results of image classification showed the results of the spatial spread of
the four types (vegetation cover, urban area, suitable lands and arid lands)
in Mahaweel as follows: As for the vegetation cover area, in 2003, it
amounted to about 299.6 km?, and it decreased to 294.7 km® in 2013,
then it decreased to about 261.9 km? in 2020, and the difference in the
decreasing area during this period was -37.7 km?. In 2003, the built-up
area reached 8.7 km?, then gradually expanded to 10.2 km? in 2013, to
reach 19.99 km? in 2020, with an area increase of 11.3 km® As for the
suitable land areas, they were about 569.9 km* in 2003, and increased
slightly to reach 574.96 km® in 2013, then decreased slightly to reach
568.2 km? in 2020. The arid lands amounted to about 907.1 km? in 2003,
then decreased slightly to 905.4 km? in 2013, then increased significantly
in 2020 to reach 935.1 with a difference of 28 km* during the studied

period.



On the other hand, the decrease in the area of vegetation cover is
attributed to the tendency of the population during this period towards
commercial activity. As for the highest expansion, it was recorded in
urban lands, where it recorded a high penetration rate, and the increase
was 49.09%. On the other hand, the area of vegetation decreased, as the
area of population increase expanded in urban lands at the expense of
agricultural lands in this period, and the area of suitable lands decreased
by 2.56% due to the urban expansion in the city, while the arid lands
increased by 3.17%. Also, the distribution of the NDVI index for the
period 2003-2020 showed that the region witnessed apparent changes in
the period between 2003 and 2020, where the study revealed that the
main changes occurred in agricultural areas and barren and built-up lands,
and this indicates that the study area was affected by unplanned and
unplanned urban expansion. The urban cover area for 2003 was about 8
km?, and for 2013, about 10 km? while in 2020, the highest value was
about 19 km? The study highlighted the need to develop short- and long-
term plans to address unstudied land cover changes. Finally, it can be
concluded that satellite images have a distinct ability to detect changes in

land cover quickly and with high accuracy.
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O Bpeall GBAY) i Lkl GAe) Jaie (2-5) JSA) maag (dualadll
& inn S ol agiie ) Al ehand) cat Gl (L) ) ehend) Ans) LulSal
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cGyaanll ellaall LlKal duledll Bl duadly ilaglan e Jganll o ofinlil) duia)l)
39



Gh gall A Juail

aaall selal (3 ¢ Al Geaadl) G Blaad)l e dish o (Gpemall cladll Cilydige aiam
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.NDBI 9 NDWI 9 NDVI & Q\)&jn D4 ehiiu.u\ ?:’ Z\.ua\)ﬂ\ 0da c:si‘ [68]
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L69] lly lailly elall cpudal) LulSaY) Jaie 1(2-5) J<a
Normalized difference vegetation (NDVI) ankhll lal) slarl) (38 a3 2.9.1
index
slaall Ay 8 deadieall dslally Daadall chydzall el (g laaly Hdgall 138 2
Dsa adiny L Jlall elaall dlSally 4l caluhall d ady BUad e dalasiad 5 Slall
S el e dudalingg oSl dadY) Jagte die . calilall Laplall (ailadll e NDVI
& sl U sl gl e Ll ehasd) it Al LulSaily peal) gl paliaial

lgaibias  Jaxs (SISl elhall <y lalial) b (N L (2-6) IS ehpadll 3]V
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Y Sl elaall @ld ghlidly ¢ Sl jea¥ls sheall cins dad) il 8 Ladbal
G il G Cus (1 + 5 17) o NDVI e dad zhs bl (e dla)) o 28l
S i 0.1 golur A adl) ¢ A5 Sl 29ag 939 S i (0.8-0.3) ow b
Jawdy calieVly clpadll ) i (0.3 = 0.2) alll g ciujuasl) lalially dlalall 250
a5l 138 Glea sl BUasall hlially agad) 3sas Al & Jall AJLd) a3

: [70] dalaall gudany

NDVI = Z2X52 (2-3)
NIR+RED

sl ehyeall cnill Aajall Jiay NIR 23 Gaa

slyeall Zajall Jie Red

(Band 4 — Band 3)

In Landsat 7, NDVI =
nhanasa (Band 4 + Band 3)

(Band 5 — Band 4)

In Landsat 8, NDVI =
nhanasa (Band 5 + Band 4)
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ey i€ A cdppdal) QB (e a3l () e st g 2 Gpeeatll 38 (g3l dagalall
ekl GUaill aladin) Gueied) Geb ccaliall 3l ghliall 8 bl Uadll 380 b
slhaal) b Ligha )l (g5ima e IS 8 haail) SWIR GulSad] (uSar &us .SWIR 5 NIR
oal Sy (sl Al 5ol (gginag A8)ol1 AN (gl (NIR) GelSas) by . 3l
S (el e Aealill S 2l (SWIR)s (NIR) (e zde -Asshl (ssina
i€ 13 L bilall Sl gl dgag 48y s by cAdlad) dlsall (g Walgineg (310
At puenicadl) b (Gl (JB Jue o) (grine a5l sle (ssiue 2 Cua

R de me el sl Sl ZhaY) aling (NIR)s ehadll duadal) cllail
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G5y ghe oo 55 (0 1) e adll O i (NDVI) elpadd) cilall xdal
idaulsy NDWI £ & ol (ggima i 1 (0 e pidll Sl (ggima 5 il
Apagdall hLll A3l cladaal)l Jies Sua cpesat [70] 1996 e & McFeeters
LS (Green) slpaddl lilhailly (NIR) dusll elyeal) s dedY) 3lai ydigall 138 iy

[71] Aalaall 3

NIR—- G
NIR+G

NDWI =

(2-4)

(Band 4 — Band 2)

In Landsat 7, NDWI =
nLanasa (Band 4 + Band 2)

(Band 5 — Band 3)
(Band 5 + Band 3)

In Landsat 8, NDWI =

fe fdt Modet Test Process Help

s DEHS L h@a A £ 09

Z 2 I Grem S TR 23 0em 2
s R 2 = = = Sy F
~ . 5 ’ ¥ -, 001 b 2, 20A 070N 1 1054 4
It _ 120t 201 200014 Y105 _DRTp 201070111 1061 _el)
/ }a 4
Green + IR, \
' ; {Green - IR )

Bk 1% XN 70701051 =08

il 129t A0 FOAT 908 _pie
Y

byl alazinl NDWI Glea 1(2-7) S
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Normalized Difference (NDBI) (bl (guaal) sladll 34 a3 2.9.3
Built—up Index

A Al hldl shadell dgdall sty Je NDBI ddo gkt adiey
dansall Jloha¥) die 8 BaudlSadly ehasll cind 23S asall Johll die dfle Gyl
o658 elall el Bga Je NDBI ol xie «lldl L(SWIR) elyeall a8y
Ghlill el Wiy cdmge Luddy afy dable cloay LolSy Jlul) 5l dycasll Gl
Landsat TM clibl 5ye Jsf NDBI alaiiud o5 &yt 5l Al dadd) ahy dallae (55891
138 sty Lund) bl vasdd [71] 2003 sl b aielaas Zha  Caldl dhay
Bradll Cilagall 3 ehyanll cins dadlly (NIR) sl ehpan) cins dail) 8las (gl

:[72] Al 3 LS ((SWIR)

SWIR 1-NIR

NDBI =2 (2-5)
SWIR 1+NIR

(Band 5 — Band 4)
(Band 5 + Band 4)

In Landsat 7, NDBI =

(Band 6 — Band 5)

In Landsat 8, NDBI =
nhanasa (Band 6 + Band 5)

o b cdunga ad il Alalally Lisdll COLK) (6<5 (NDBI 3ulsi (e daslil 5y90all 8

G disall 3laliall ansin e Les cdijhen ol Aallis daid ) (gAY Akt
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Introduction dadda 3.1

slaall 8 el e CadSH soadl lgaladtu) &8 Al dasgiell Juadll 138 miag

Aalaial o V1 elaal) Ay o5 eclld ) A8l L b Adailae 3 aslaall Al (gynal
aladiad el ALYl (gl AdlaaVl dnsal) Chaiatll A aladial Al
¥ eadll e Jheall Cangll iy a V) eladll aay audil daplal) lydsall
el Sl e A8 dlacgie Eiliadl) geall aladiu) &bl eld) als (S,

10.8 Jlaxy) Arc GIS jawmiiiall malizll aladiul cilbibull dallas g el

Study methodology Ay} duagia 3.2
pasill Auh Jaall dungia gy (3-1) JSAN 8 LS I bas) Lkl
Glagleall alas aladinly 2020 ) 2003 e 853l Qb ddadlae & daglaall dsal )yl

i)l

Download satellite images diladl) ) gal) Ju3ii 3.2.1
o0 2003/8/31 zolall cclaaty Loeliall HLaY) dlade aladiuly geall Jijn o3
s -Landsat 8 il (4 2020/8/17 5 2013/8/27 #)sll 4 Landsat 7 .l
lead Ji ) Cagplall sl agall (pa L olal) Ll e (JsY) 4aiall Z3ga8 (3-2) J<a
7 sLlandsat 8 sm o3t & .Baa Bagan Hgeall Joiil dojiall Gliially cadd) GilbueS

zan (3-1) ds> ((USGS) Soa¥l aglsnll muall cugll adge (o Landsat
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Download Images
from U.S.G.S
Website

Landsat 7 (ETM+)
2003

Landsat 8 (OLI/TIRS)
2013

Preprocessing (Clip,
Composite Bands)

Preprocessing (Clip,
Composite Bands)

Image Classification
(Supervised
Classification)

Spectral indices Image Classification Spectral indices

(NDVI, NDWI, NDBI) {Supervised (NDVI, NDWI, NDBI)
Classification)

Landsat 8 (OLI/TIRS)
2020

Preprocessing (Clip,
Composite Bands)

Image Classification Spectral indices

(NDVI, NDWI, NDBI)

(Supervised
Classification)

>

cJaadl Daagia (3-1) <&

Al Hsall Cilialge 1(3-1) Jsas

Path Row Date Sensor

168 37 2003/8/31 Landsat 7
168 37 2013/8/27 Landsat 8
168 37 2020/8/17 Landsat 8
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Landsat 8 and 7 Row 37 Path ) dgleadll jseall (e oY) Eu\ :(3-2) U<
2003/8/31 iy 7 oty dajs —s ¢27/8/2013 oyl 8 il Lajs —F (168
Clip the study area Ayl dihaia ¢ Uaid) 3.2.2
& ¢(2020 2013 2003) duhall Clgie o die JS ALl geall i 2e
Cblee (gan] Bleadl o2 iied Gl <y destienall peall ST aladl) ddee Gl

Al dallaal)

Composite bands andl gad dales 3.2.3
&= Bands sda ey o Cus (Bands) ais degeana (o Adladll Al (<
o2 shal i digle oypea Ao Jsuand) Guh o Lipeaadl Juall £38 (ot Jal (e luans

el ety Al alila¥) alasial (Arc GIS) maliy BAA (e doleal)
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Image classification by (53adll Adlaiay) 4udh | sall Ciiuat 3.2.4
maximum likelihood technique
2003 duhall Glgiady clealy jadll jea o alaeYh duhall dalaie (ol o

t sty o)) elbadl Glial da)l paan 5 LAICGIS gy Hlasinl 2020 5 2013
) (3-2) Jsos peag G Gheally @lals Gl eyl dalla Gl ¢ kil elasl
&V (373) e JEEY) aagi Aushall cilgiaad dagal) Capiaill (oY) il cilalial 4
)l g (gl Adlaal Capail) mils (3-5)
2003 4ad Chiiatl) milis o

oy i &5 2003 ol disladll dune (B ol claladi) dijes dal (e
ArcGIS 10.8 galiy alasinls 2003 alal duyll dibaial bl o5 3 dueliall LY
=2) &) Jsaal) miag WS 2003 alad dsladll il jall Caniat il riag (3-3) J<a
Ghlial o iy cpislad) Joaally JCa (DA (g - lgaasiy (al)¥) laladial Gilaliss (3
oo (£0.5) douis 28 8.7 Msa gialue als Gus dalus 8 (i (Oedl) yns)
& (416.78) duuiy 28 299.6 Jlgn dnliens alal) elail) lgaly cduall dihaie dalioe
didaie dalus e (7£31.92) Zaiy %8 569.9 Msa dalas dely3l dallial) 3llial L
Gasy 28 907.1 Msa dalue oY) dowll Alalill hbiadl cibisl Law )
DY) Coaca ) Ailia) cAugall aopliie 2 3 ol Qugladll diaa oY @lldg . (750.80)

Bl el Pl el ¢ Uadll 4
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2013 i Ciiuail) @il o

Alad diglaad) dnae (3 oY) Glaadiuly V1 ellaad) Blal 2l DA o
fo Lo Aaadle 25 ¢(372) dsans (3-4) JSE 8 ome 50 LS 2013
¢ 78 10.2 Agheddl ol dalus il FS 294.6 Slall claall dalue cal,
Eun € 9054 Mo Aaldl il dalusy oS 575 dallall ol dalueg
oo (£16.50) 4 colSy 2003 e ge (£1.64) dawiy el lasiuy) (misd
e (£0.6) ciSas (7417.3) laya saly dopaall Ghliadl calawg Al dilie dals
i @iy (70.88) duwi dallall ocal¥) dalae by cdaball ddhie dalie
Gl (£0.18) danwy Al oahl¥) Cacadds) Lty LAl dilaie dalise o (432.20)
linloe Aoy @3la)) Al ol Vg dapcanll V) o) e Lee 2l (750.71)
el pagilly Gohall el carn O35S O OSaall Ga slly (Al ellaall Glua e
e B ) daed salyy ) dilayl cliasll geliall yshill Jlael dams Gis ()
Jagladl)
2020 il Ciiail gl o

=Y dallall b (bl elaall) des)Y) Gl SIS L) ek
s Sl ellaad) dalie @il G 2020 bl dislaall dae & (Ohendl Al
iy La +(71.2) Gasy 228 19.99 (anll dalua ciabig o7 14.67) sy 28 261.9
Ayl dilaid A0 Aalall (g (731.82) ey 2o 568.2 dallall )] Al
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dilae 28 pusi el Wl L gylaal) laall gas 5l o3 DA Gl asgl dam el
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2003 G | Adud dalual | Dt dalead | Ll dsbeal) )
2020 (as) 2020 | (%a5) 2013 | (%) 2003 _—
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Accuracy assessment d8y) aniti 3.2.5
O e cclad Gy ALK Al aladiids ADAY Clgill Caiaill LISN) A8a aud

Gy 5ypeall & ddiadll o)) eladll @il sae Cilecal Bde Guanjall Ll s 055
40 boxe daanye blis laal Ml cahall 3 ooV elasd) (e gloil o)l il o5 celld)
Aaad) Aglsdall il 8] dayls aladinl) 5 L3ks 161 bl genas gsi S Luji abais
5(3-3) Jshad) A MLC hal Uasll dighan (ape 5 jgeall e puilaie JSE leasysis
Zad (%87.5) «(%91.1) «(%88.1) adlaay) aaa caly . gl e (3-5) 5 (3-4)
YIS Al 55l (e LIS Jalee i calS s 8L sl e 2020 52013 5 2003
Coyelal. ddiaall clilally gaaill clily G el @Al e Jda 1aag (0.89 <0.89 <0.84)
Liha aney) Alled daplh & lual eliall el ililyg (MLC) Cagaill 421k duhall 028

Adlle Canieat 48y i yy) elaall il

.Error matrix Uaall ddgecas alasinls 2003 did 482 auis (3-3) Jsan

Lan ) BAY Lo slalie Yl diliaY)

oa N slad dilial ua
P slad ) Aald (o ) Ol pand) £ sanall
dalla
= (s sl 34 0 0 0 34
% dalla (2 ) 0 39 0 0 39
%1 “i Wald () 5 1 33 4 43
5
3 Ol el 2 0 7 36 45
3 £ saxal) 41 40 40 40 161
88.1= 4ulsl) 48
0.84 = LS Jalaa
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-Error matrix Usall d8gecas olasinel 2013 diad 380 auis :(3-4) Jsan

L pal) LAY Lo alaie Y GiliaY)

ua ¥ slad Cilial Y

b sl " Uald 2 ) O pand) £ sanal)
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;% dalla ) 0 39 0 0 39
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01.1= 4uisty 434l

0.89 = LS Jalza

.Error matrix Usall ddgecas alasinly 2020 diad 382 auis 1(3-5) Jsas

L pal) LAY Lo slaie Y GiliaY)

oa Y sl dilial ; oA -
il plld ) Uald o)) ol paad) £ saxall
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Normalized (NDVI) _auhll Slbill clatl) 38 jdje lus 3.2.6
Difference Vegetation Index
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NDVI jéi5a alasiuly d8lasy) cililad) 1(3-6) Jsas

Index Date Count | Area (km?) MIN MAX Mean STD
31/8/2003 | 1953045 | 422.3295 | -0.327102810 | 0.505376339 | 0.120878646 | 0.064726676

NDVI | 27/8/2013 | 1953045 | 388.224 -0.224598184 | 0.501542568 | 0.115739031 | 0.064689182
17/8/2020 | 1953045 | 307.1367 | -0.171508193 0.5372383 | -0.037640146 | 0.09429531

dakaial) dalie Gles DA e GIKYL Al yeuall 8 LK) 22 Count oy Gus

e gy Ally jieglSll saag 8 daleddl Jicid Area Ll (ArcGIS  maliy alasial

Ll gygeall b dbadls dad Ji§ MIN (i 0o 6 A3ud) @l 6 NDVIE 5Ll olail

oo e (S sy 2l bawgie Mean Jie Ly dbadl dad el Jied MAX

iy (Standard Deviation) (g)bsall cahaty) dad Jiad STD Wl .(3-1) daladl
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Normalized Difference

(NDWl)ga*\H\ g.‘tl.d\ elaall (38 &5 lua 3.2.7

Water Index

ol e Lghead 3 Al Gl ahasial diglaall dalaid NDWI o Qles 5

Jeadll & 8)sS0al) (2-4) Aalead) bt P e NDWI o8 Qs 5l e liall

20032013 clgaaadl Hagall sladinly il Gl 25 LArC GIS galiy aladialy st

489 s 2013 alelly %S 541 s 2003 lad Sl elaal) dalia il 22020

(3-10) U8 b g LS .28 354 (ol Lo Y1 daiall 2020 dime cilias Ly 2o

b eaze LS NDWI Ciluoa 2alall (2-4) Alsbaal) (po 5y30m JSINDWI o8 £)35)

2 (Al elhaall dajaiiall adll B cus (3-13)5 (3-12) 5 (3-11) J<ad)

Al gl ) shaal) ghbial i Wiy ol sUakal bl ) #6350 gl

NDWI diga alasials laay) Jbsill (3-7) Jsanl) peanse

NDWI jiige aladialy dilas) <l :(3-7)Jsas

Index Date Count | )*Area(km MIN MAX Mean STD
31/8/2003 1953045 541.9251 -0.451219499 0.421052635 | -0.027544553 | 0.054297285
NDWI 27/8/2013 1953045 489.7971 -0.134293005 0.32893014 0.00970989 0.04878013
17/8/2020 1953045 354.5703 -0.582892418 0.353816986 0.00936245 0.073188551
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