‘e o* inghioll jla

@

a2 o leadiwYl wliud plaziwl Cuell j2dl asluo (e el Guldy adlyo
a3l el wlogleoll plaig

ducloizVlg aslusyl polell - wlwl)s

wsodell cuzedl dslae - @us VI asolzdl

2ozeo o>l £laxd (ool

(rliso . p)olid plu> sl ctavgs o> 90w ool
2¢ 41w

o

2014

376 - 391

525928

WYlaog Wo=y

EduSearch, HumanIndex

odl e ashesdl yalghll s oo lesiiawYl 83p> « adlenl wlogleall b
ol

http://search.mandumah.com/Record/525928

DAR ALMANDUMAH

Acipalllhag L e Lo oig 82 sy, 1

Ulgisll

1ol

Ul

fosanyll sl

ton>l adlso
1o/ ad=odl
1aoS>o0
NNV PR W]
1olxaall

:MD 438,
HUIVEINI ¥V

10logleodl aclgd

Z&,..'o|9¢o

Ll

abga=o Jgs=l guo> .anglhioll jls 2021 ©
plaziwlW 8sloll 0l aclb of Juoe LSy Labbgazeo puiuill Soéi> Ran ol lade <yl Soéi> olsesl go &3gall Sl (sle by a>lio 85lodl 0ia
s gl il Bgis> Llsesl o o puyai Wy (g SVl 3yl o iVl gélgo Jio) dliws ST e il of Szl of grall gioyg chid  sazeill

anglaioll


http://search.mandumah.com/Record/525928

2014 2 el 4] daall e laa¥ls by aslall calalym

2y 08 Jladind) clinht alidialy cual) jad) dalue o il ulds 4l
Adlaall claslaall aliis

*Wﬁ/‘mﬁ‘}ua ;M/ram raLuA cdaaal .kafﬁl.i:,w

ldas ahadiuly Cud) jad) dalie o el Adhe DA e oSa baaa Adyl Gl ) duhall o34 (g
Landsat eluall jaill 48liad ol ao)f dalles DA o diihaall cloglaall alii Sy 2y e ledind)
Al diph 1 VIS ay Glaluall Glual 3yl ay) lasls (20095 2003 <1996 <1987) clsiudl ETM+
Bac 3yh dsas Al i ekl 5 (MNDWI 5 NDWI (5yd5e alainly cansall e Cagiaill 445k cgsnil

Cudl adl dalue Lo el luad Wy Liols 3kl Juaily il ciladavsall dalus il

B e (Ka

g dipla g cangial) jeaV) it agall Cilally pma¥) asall Cadall Jasiuly MNDWI dse alasinl
ol dalis (adls sduall 5 aal o (e vale JSE A8L) Cladavall dalie luay lpased (Sayy Gkl
Gsise and lial 405 e Cusall el sl s5ise (@it 2K 40 s 2009 ale ias 1987 ale (e cusdl)
e 18 s (alead) jlaie (IS5 2009 ale il pelas (ssise x50 424 Jon N 1987 ple jall mlaws
NDWI, MNDWI c4asall s Caaill ¢ gsnll adisill cLandsat ETM+ «cual) o) dalie ;400 culalsl)

dialue ciliag s (2009 —1987) alsel) (s 28 40
Gt dgguie alid) o 3 A5 a8 630 ) Lsunal)
(Rdleasyl)  Ledlll el sl e BES 4
il aUaill 13a g Ul claye s A1 ClEYRY
ik aladin) @y Callul sk aas . laall 3yl
Ao & Adhrall Closlall alaig camy e ledin)
O Wlalue Gl Jalsudl aady 4kl Cladanal)
By lasagh Al Al Gl ddlhas dea)s ¢ puny A s
e oo o) Gl Gubs ) Al sda s
ially AplSall dglad) cliell clly ddss Dla
Gl DA e (S Al Al ) deasill dihally
laadll iyl (e e aladialy Cudl el dalee
s cafl M .Landsat ETM+ Gluwal eluall il
bl e Cailly lalud) Glaa 8 Al 43yl
Ly PA e M plial (S i lgle @l
S Al clyally Cuall aall dalie clyat Al il
¢y Al Bl Jiiee (8 55 o Ple awaS saagd
Cuindy ledamay dgyaall Aid) JEY Ao Laladl) aung
Ay
dalue aadl bl a)) las) & bl oda b
(1987 o ey b a)) e ) el Sl mdasd)

(ki 3,3l o 53,1 deald) /g,q,_u ol 53les 20140

-

4adial)

Adhaal) lagleall alais aay o jlaind) Glinkd (e

() pha o ddhaall jallll 2dhe (Ko ¢(GIS)
Qe g ild) Ciladaiall Clalaial past jalelall 038 e
oailadll o slaeyl Al alea¥l 0 cll)
a3 dygmaaly (diliadl) @l all dnlSaly 4y duddal)
ik e la (Y1 Qlel 3 Lgylaly Al iladad)
1l Aaiyall Ll (e S0 Zallaal 3ms e ladin)
Bl s o) LS clginatiy Al Bhlialls dalsud)
Ll Sl aaaS (8 g Gadll e A8l Ll
ledunes Aol Al o Wyl sae Ajeay a3
3l el Al dilidl & Jlall s LS sl
iy cdggmia (RUAY Aa sphd Ay B cyel
o oS bl Gipas lede o5 Al Gl dialus
Gt (e 424 ad Aalie (sgie doms Can (Aills GS)
2y diabiue Cuailing 2010 aled ol mdaw (g

s gandl dypall ALl paline Gl drdls cLibaall ad *
Gl D) sl olee ApnY) daslal) Ldhaall ads
2013/6/12 alsd )l 2012/5/28

- 376 -



2014 2 232l 4] ddadd) e laiayls b)) askell calalym

leahadind (Kay A EhLI Jumdl aaad Caagy @l
Agliad) Gag @ Al bl e il
Al clul)

il IS oy oluad) dalie lualsae il el
Ly ol el dalie Gilual daliid) gt el
A (s ()6 Cuny Cian Ll a8yl JS1 ) e
rAgipdail) Lyl o3a aaly Londdie Lgailis

osbl Cllua 4S50 (gl Al bl 4S50 -
Al Gsie G pdll o el Lot Cudl jall dalue
oalindl 3 Jaead) o ol A Gluld o6 Caa
(1) Jsad) 2 LS el dalus

Ailad liipe gl aladiuly @l 2009 2003 <1996
1 $hhll 0345 cLandsat ETM+ il

Dlaa) didhaall Glagladl) ol culsl alasaul sV
-(Manual Digitizing) (g5} a5l 4835k

ST 8y e e i) ik oaaily st
A ikl
-(Unsupervised Classification) 4asall ne aiaill—]1
-Normalized Difference Water Index (NDWI) e —2
Modified Normalized Difference Water Index ) a3

.(MNDWI

Gihhll ol aladinly cudl el dalie Gl &5 S

(2010 Gpppal) (uliga) A$, i) gl gl cageniag Jinag Call sl dalsa (1) Joiad)

228/ dalaal Lgins [ Jaral o ) a5 ghna L)
680 -1.7 —405.1 1987
660 —0.8 —410.1 1996
657 —0.5 —416.3 2003
600 -13 —423.2 2009

BB Je 0l apliadl (e 220 ALl Pl e eyl
L) cilal) 38 e (GDY) L) Cual) aall il
salyys sl cilally a1 Culall aplia ) i)
O Lty pulall e Qi) GlSHd e Al @las
o) Jias (2010 A1 o)lly slall 3))y5) e liall
A Cun il G ) gl S g e hay
il (ye duadlel) A ) ASlad) oy ALl gaal) e
dsh hd on LWSB adyy il e Alisddl (plads
e Ay Bs (35 °55 122 7 - 35° 12 '39")
oadl) ey Wahaa Yl (31 °59 "53 "= 30° 59 "427)
sBL Jlas cpall e didally el Jua (g
Al @ Jias Qsie s (@A e Alihalls Clses
Jlms Aol o V) e epadl ailall a8 lgie S el
il acly o Bl cuilall e By ST all ksl
JSa (1985 cale) aie 8yl Ll ghall 8 o 4
gisa Jias (2) JSally LS cudl sl pdse mng (1)

) and) dahid eyl cile i,y

< Alls (Qudah and Harahsheh.1994) 4wy —
Clagheal) ol il YA e Cuall jadl dabie Glea
) ol Clalue Al ddheall

<wad Ally (Hajahjeh and Khirfan, 2004) 4u)s —
Azl Al giad L gl sl adl Aalual gl
B4 il jeal) il Cadal) aladialy o) adll day)l
Lladl) Gldiya (NIR-

@ ciells (Al-Hanbali etal, 2006) s -
Da e udl ) dalas sl Giald) Joas Al
cAagall Canatl) dayylay aey e Hladnud!

Geadiul Ally (Abu Ghazleha et. al., 2010) 4wy —

-(SRTM) z3gais dsdlaall laslaall alas g

Lafyl) didaia
Lalies Laslsdysamans daglons Ay Cudl el

paiadl Gua jeaailly el ) Cua el dagh A
i) Jalgad) il caialin Cacalliiy Cual) jaall gt
Daall 528l Ll (e %95 e ST Jysat b Alidial)

- 377 -



‘)}AM}JT Cougy Cpun c‘;u:\,\l,\n (al.«h (.\Lw; ¢danall 2aal ;G:\A

v dale o el iy 4

IOTE

EOUE

F0TN
i

3TN

T me e W wm

50T

A

T
SHITE

22008 dgll 1Y) il / LSt el sl aBise Landsat ETM+agiz (1) JSil)

GlelEy) zisw Jia @A (3) A (w =l WS
Lhidl 8 Gleliyy) o8 DA e el Cus )
e 05Si eanal Gl ad) Aalue galil Aaiis gz
sl sl

g &l Janie (Llla Casall el gz el sl -
Laje ST a5 cogally Jledll olaily JSEN (il
cosinll eiall (e Ly liae s (el

or Gl Ganll dady cglal pi 4l -
eCuall aall calia 3L ae gladll Jgha 2lajyy ¢ siall
cule) oS 20 sk o 7 Bl a4l (e s
.(1985

0 Sy bl isia (e Niey f gl Gassll -
Vol Jldll (msall e liees elual Ji sy ilall
el S5y (mgal) 138 Caa 385 o 100 4l )

— ) A s e deia Cuall el S

ins Yled LSS e oS 6000 ddlusal wici ) iyl
o JS 35 (Bender, 1974) Ugia Wil 8 (smalill e
diady Caandly A Osale 21 0pa SV g1 Cppmasaall 558
Bans Jled (e dady dilaie 4ale ity o3fial culal
Cuaw 85 o€ 30 by adlall sags gia s Lk
Flal Jead . dialie cuals & Lol spay
L) die Gl 50 de Glall FlLd) sas sl
GOV e es By e IS el o( oY) sl
dladll (& Lyl sy V) Aapail) syl el e 3 Al
Ghlial mhu cuulie Zlyo Lcsiall Bl adlls
Al mhass g5 Gl 6 360 (g Cuad)l andly Aaadl
Gsh p 2100 Jsns copilall e cud) padl Qi
ool s ABal Augiall ha¥) A el mhas (g5iue
ie 1740 sa ddais Jals i e oy ansil) £ lisY)

- 378 -



2014 2 232l 4] ddadd) e laiayls b)) askell calalym

700000 720000 740000 760000 730000 -
L L L L L
2,171m
2,000 m
1,500 m
1,000 m
500m
O0m
-453m
! il 1 1 'l Il il 1
I T T T T T T 1
=3 10 km 30 km 50 kem 70 km Lo
& T T T T T &
700000 720000 740000 760000 720000

Agad ) cle LY g dgal (2) JSA

FWOOIO TZODOIQ 7WWI0 J’GUOOIO 73000? 3000()'0
N
= =3
g H
a 8
OF Al sl
Cuall Al Aalew gal S
z et N |2
g gllla e dis | 8
il st
g H
g4 FE
g E
0 5 10 20 30 40
T T T T T T
700000 720000 740000 760000 720000 200000

2009 Landsat ETM+ 4 ol jadl dalus aals oo 4ailll o)) (3) sl

- 379 -



)}m.n),\i gy Cpea c‘?_ug,\u\ ?\..h ?\.m; ¢danall daal PETTY

- dalie e sl Gl A

Lo bl cllee @iy dayes (0 Aabr )
adl Y Al sl S L el (mlass) ) sl
el Ll Tlae ol ) dilaie iy ecul
sl e i lly Al walil) (Olegs Ay chundal
olaad) Gtk Wysae S i) aalidly cAiesd) 4 5al)
35 o anlid) o3 (b el Bl das ol ddsal
lon Loyt Laisia aaas Bagie Aayd 63 5 dugie da
il e (2010 As) (gl elaall 3)l35) o (ysale 80
sl sy el ey (Ball ol e 3l
Lafipe Cuall adl Ciseie (alids) o) Ll qalsl
Gl Cadl jad) Cisaie (i) i cdlialin ailiy
(21 = a 0.80) Jres sl mhaus (s5ise Canl o 25

(4) J2a 8 LS (2010-1976) o s5dl) PIA Lsin

dgguaiay Lo g el janll duilall jalaall

Gllee () cnall anll Ldaall bl jolias Cusyes
g lae caalie (e 5SS e D cal el
Gl Hsaiy dialie pallin JElbg 4 suie (alias) dlee
-4y Aol

A bl e cud) el ) ol abes b
dilaie dalue 3l Cun () e (raal Apall Apylaall
(2000,Salameh 230 _faglS 40.650 N Al 280
and EL-Nasser)

L) slall 2 ol adl sl dpadyl) aladll
sbally Aanlal) aulilly $3s¥1s oY) Jgs (S Abiaially
Labaudl ol olae aal o oY) g ay LAdsall
e dwilall ) 0 dila) cud) el £
Lol ol colal) ey (S cluall (il cangall)

-385
-390
-395
-400
-405
-410
-415
-420
-425
-430

1976 1979 1982 1985 1988 1991

1994 1997 2000 2003 2006 2009

2010 ~1976 (e 5aal) 558 Cual) ) el casilia (4) JS)

Lsin [alel 6005 Lsiss [alal500 Gp Al §sene
85303 5)lE) %63.65 %41.3 (s Al Aysh)ll Jaxas
(2009 ale Y 1982 ale e dsn¥) dysall slayY)
siey %30 s mhull de dslie dagle A als
Glaladl Glaal spie ol %34 Jduai GleeY)
Gl (e Aegena oo aalne S (gAY Asl)
oab) (e slafinyls deluall aadng 3 ~3Y),

-(AbuGhazielh,et., al. 2009)

Capall () jadl #la gy teuall o) £l

DS K5 Cua ) Juli el clally ccaladl s
V) oslS el B (ghaall Jshell e %60
Yardl (5) JSal gy ¢ I3l bludy (SBI gl
Sy cduhl) dikie cillne b (gl Jilull 45
Lsin/al26 Jsa ale S5y gyhaal) Jobel) Jare Jony
Wste 420 425 29.2 G (el BN Gy 2l
Tl et A Jn Gliall et Cus (bsin

- 380 -



2014 2 232l 4] ddadd) e laiayls b)) askell calalym

pla
a5
40
35
30
25
20
15
10
5
8]

(=] — o~ o =t [Ta Y -] ~ 0 o =1 — o~ o

== o0 oo o0 oo o0 o0 o0 o0 o0 o o =2

o oy Oy o O oy Oy o oy Oy o Oy o o

~— — — ~— — — — ~— — — ~— ~— — ~—

Deir alla

1994

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

~Ghor safi

(2009-1980) ¢y 3580 Blal) gy Mo s cillana b (g haall I Y 3na (5) Je

Lalay) iall cae I ial Lese Ciliave 3ac 3all)
) G is sl Cus ublall Jially DY) iag
P S A gl e e B (S 06 8
of Ve G5 ) ey By ) el Jos dalinny
st Ghlie & &pimly ¢(Closson, et. al., 2005) By
oary Ay opad ses Jlue st depiall sy dipa
Sl Helit coall culall o Wl uligdl Slise) 3lalia
Olagys Jlue sdmue Bhlie 3 cliadl ) Josi 3508
e A ulS Bhaliall s3ag canal din (3)85 saall e
oo LY @lie s cmaall (Wl Al
s Bhlial ol (8 Whsas sy anll el il
Y e Alle D o ggini A Aol e
plinly agiles)ye Bl (s hall oy Laxie ()5S
Graas Agpill (8 33 9asall Z 3L sX Cum 432l oLl
carst oo Dale (il el Gl el e ddlaiall alady)
GV omiai )l Aaels Ada Ayl muaid (DY) oa
aaly e 3 gjia 43 Ka JalY)
)l el dpa) caliad) o sasiall fLalel) -
el Gy cCnall ) dalie (el 2l Gjeh
Aabisdl Ol e shled Cjel jad)l dala
JSa 3 LS el Calabadll i€ elliyy ~ YL
o s 5l (L) Bl gy 51 (6)
N ) L) e
Chells daca 1 YY) (an s ) ddls) -
Csmia gy S5SH G aae dagis Ay
) )

bl G eV s Aganall Blsalls i Cusall sl
& Ny cgalaall e ey Ol assialy dag sl
Lee Al lyd PlA o s Gl o Dl
Iy Aiabie Galily Cudl Jad) Ciguie padd b agud
leja Jrenill Cilpmnis deliay calaall 71k delia
dihuls V) e JS (4 sl Jlaa¥) =l e
Gigan A cudl el 4l jalad) Gl ol Ny
Gl adl Ay ale IS dalaidl & ol Ay @l
sl sl o3 (e cpala (S

sad)l dalie Camalp rcudl el dalue gl -
s bl ol 8 ale colS Lee GBI e ST )
(Gl (B oade olS e gl danayy e A3 B
Ol 3L g pde L) & colially Cuall sl g3l
ol e olaally sy 5 Anaal) Ally Canall aill Aleal
sLily JSE e daludl b Gjles Leie adigyy (Ally jeal)
A ) Al (olaal) delin dlee olialy Aabud) ¢ U
JAileg oS 4sl

Gsiwse b il il ol mhu ggiae b -
Qe (aliad) dais (halsll) 3lalaay 48 eal) ol mlau
il sldl e A sldl an ol Lee oluall
i) 5aaY) ol Jally dalldl sbally Leldials
Al g ) ool Les il Calia Gl cdakaid) e
Sllys Aalaiall (yhgid ol 5yl da QWIS e gpal
uatll Al Jeati A WESd o s clgbaa
s telaat e 5 e Aagldl 2L ae Canaal
.(Hajahjeh, and Khirfan, 2004) ki ‘;A x_n.ua\

o3¢l :Sinkholes (Adlual) Ul jdall salls -

- 381 -



))m_}j gy (pen s‘;u:uld\ (-;UI;A (-;Lm; ¢danall 2aal ;G,}A

v dale o el iy Al

Aliyall Jha¥) msaaill ddee 2a0 239 20032009
Cann Aaddinall il pall AHH cilflaay) aaaty dladl)
dags o Gl e B ) dal Lagie (s
o Al b essioad) byl HaaY) HUal) ey
Universal Transverse (callall (ajaiudl Hgl€ya alas
32c 8 zady (3alai Jeaw Laa <Mercator (UTM Zone 36N)
Clagheal ali ey hdiil Adhaall bl
s e & ap e 08 Y] Climays sl
A)yal) dakaial
Global ) «(Arc GIS.9.3) ¢ el Glbaayl) Ll
gl ) ddlzal (ENVI 4.5) (Geomatica PCI) s(Mapper

Fagial
ks Glgaly 2y e Sl cliuld cuwadid
Hlls Al Slsall s i B Adbaall Clegledl
Aagidall obuall apayis ddle P e Adalull Bl
Ly lgdlael aaaty 4l Ciladisdl Clalue (i
alise adlaiuds ¢ yially palsdll 3 Gaas Al il
O Wiy Ailadl Clisall Gl (e Cilpdise Baxs olyall
an (7) JSE L (Xu, 2006) @AY GaluaYl L
sl dalie o il Gluay (ol (8 andiall dagial)

REIA
el Aglad clyiye apl aladiul 5 Al o

.(Photoshop CS <1996 <1987 lsuwl ¢ 30 4y 338 Landsat ETM+
(ﬁ
r~ ™
348 Al cila plaslt B3 o0 Sladao
Gis B2
PRI FEN e ]
~
LandsatETM2003 |

[ LandsatETM2009
. w

Cuall jagl) Aalua o il cilual iall Al Jadada gy (7) JS)

- 382 -



2014 2 232l 4] ddadd) e laiayls b)) askell calalym

Lddal) Gl g Gl A Jigy (NDWI) e
Gl asall Jslally Cuppdll jeaal) nd oasall Johal) e
A0l Aaleall Gag (Loge gana Ao Laguda Jasgiall aal)
NDWI = (NIR — MIR) / (NIR + MIR) (Gao ,1996)
Landsat ETM+ Gl 8 Jiayg
NDWI = (ETMB4 ~ETMB?5) / (ETMB4+ETMB5)
Jiay sas el jeal) cand Caglall 4l Jisi = NIR
Aahll sl e dunlSes) dagl)
Jiags Javsiall yea¥l cand Cadall 4adl iy = MIR
s A) Al slall
Ghtiadl & sbdl o ikl sty (NDWI) pdise
(XU @AY @lahaaiul) ae sbuall pladin) lgd Lbiay )
.,2006)
(MNDWI) Jaxall plaad)l Slall DAY jé5a—3
(The Modified Normalized Difference Water Index)
cahll e Aglll GlulSasy) & @ul dws Sy
o Losuia langidl eVl asd)l Cahally sy
rallal) ddaleall 88y Loge gana
MNDWI = (Green — MIR) / (Green + MIR) (Xu, 2006)
Landsat ETM & Jias
(MNDWI =(ETM B2 -~ ETMBS) / (ETMB2 +ETMB5
Leadlatiuly sluall Aol lual jdiall s andin) Mg
sl oball (8t LT Lk G il Bl (e
(Xu, 2006) i) Calall (o duSaid) dail)
dadll gy pma¥l calall dedl Jid =Green
Lol slall e 4l
Jiars Javgiall peal) cind Cadal) a8l Jiay =MIR
s A) AalKany) slall

Lgbalas g geilidl) 8L

Ll oLl Gleal 2 GEHLI Gals e
PV bl culS ) el

Ly ph aladialy cudll jad) dalas cilua gl oY)
(Manual Digitizing) g!) HEI 3 il

Ly 8 Adhaall laglaall alai aladin) dipeal (1S
o Bude leleagy Lae L DA ddhaad) alleall Jiad e
8 LS By adlsall paas ki Ay SIS sl alee
@l leadasinl 8 1A caladly duigl) il
G Al clag sy cudl ad) dalie wlual k)
Lgundll Claludll af muag (9) JSE A8V gl

Cuall Al dalus qilea @ik
Gl adl ales Sl cbl 1 4 il of

Sy e ol Alalin Galily ppmie (RliS) e

by ialie Qlua dilee Lde Jeud 45lad Gli
o oilis Cuall adl dalie o el laie dijne
Ghb gl L) &8 sl Al 4y dasd) 2
ool Cudl Al dalie ol Glaas
il sty AaSaiall LB 4paly Ladal) il
Leiliag 320 lginl Landsat ETM+ e llaal) adll
Claal uliadl daplll ) Jeaall 4l clalall
Al dales Gleal Gadel 3 clgiad) W sl
$hks 20095 2003 <1996 (1987 culSi )
1ol

Ggph Al cleghal) i cigal aladialy Yl
(Manual Digitizing) 9 a3l

o e 8 Dbl cloghed) ol dueal (eS8
Arc zaliny PR e ddallaally dilailly @libyll alan
s Al Glsin JS @bl 32 oLy & (GISO.3
Gl Jee S S laaag iy sy ddayall
s bl Glgin aeal Qlall cly & (e ddjall
On Screen 8yl ddee PlA e Cnall ) sl
iglas Jeoy l@lalue wluay Adaad) L3 AU Digitizing

gl
Sldiay) cliph aladialy clabual) glua :Lil
2 (e

:(Unsupervised Classification) 4agall e aiaill—]
Gl per Slo dansell i il M5 S
oeddinl o5 Cua o(k-means Algorithm) aladiuly
S8 ons el lhan ey cilial At
1996 1987 clgpull aialue & il Qlus
.2009 <2003
(NDWI) _sladd) Al (DY) i5e—2
(Normalized Difference Water Index)
o2 o Aaiad olyall o Ll g ledy) b ¢
it lasal ahes aid sl S i Qi
AU zshandl dse s ek Gl Jxa Les cslyanl)
S saaldl cliall 8 %50 s Leia (oSatys el
slall 25y (olly Apjall elyendl it Gilagall g lad) Blas
{(Curran, 1987) \gie 4t

- 383 -



)}M)—j Cougy Cpun sgs.uu.\U\ PUJ:A ?Lu; ¢danall 2eal PR

v dale o el iy 4

Alid) Copall (gals s aliiall 538 (e Casl) el Al
1997 ale 2adld) (mgn & AU s coall ol e
O o8l Ma)ly (20106 AsaY) gylls sl B)l3)
Ll 55 PR alall dlaseS 20035 1996 ke
Aag 2833 s caly Al 20095 1987 wle oo
dopuia OaBlin (8 il sl Cual A i Gl

Aialie yaliig

((GIS) Aghaall clagleal) alas 48 alasinly Cudll jall
Al o Slabuall 8 laaly Ladls Sl jelay Sua
Gilalual daliiadl LAl moas (10) JSEs i)l
s Adhaall Glagleall ol 4550 4 suaal) Cudll jal)
1996 5 1987 sle o o) dalus & (adliil) Jaadls
el el olea) Cugd Gl sday 28 13 s
Al oladl e cuedl Al A5l aliall s Lilgs

2009 2003

1996 1987

(5.4.1) A9 cuSAL Landsat ETM+ &liix (8) Jsi)

2.8 fhaludl
680

Lo
+l
Lem]

670 657

660
650

an
Je=
up

640

637

630

620
1987 1996

2003 2009

(GIS) Adjial) cilaglral) alai 485 aladiuly dyguaall clabual) ad (9) Jsill

il P e &) Uadl) Gipan Jlaialy (e s
Giny lileny Lee canll die L) (mny iy o5l
Glaay alatiul dsludl Claal 1] @l e
alse ST of 4ld JSA1 e edans aa o laiud)
e Aiphll odgy cualani) ally iy Dt cudl )
Lasad iy Lailn sl gall ciall o Laadl)

Kay Adlpa @lly s2cl oLy dapll) ol e L

claplail) alaedd JlKLl) Jalaall lblee 8 Lgta 3alE0LY)
Dsd el ol Jalow S8 e ol 5 DA 0
SlaeY) g dahll sda cilule e dlalie (adln 15
=) 1ie 30 Sl Ajnal 508 Aadiye Glily 32l e
e Sl 2y LA (any S iy Lee (L Ao i

- 384 -



2014 2 232l 4] ddadd) e laiayls b)) askell calalym

S0dzag ‘T.gdd\ (e dahie ‘f LS el

Slate By LS cculsall IS e oladl) dilaie bl
Al dale e odd) el 3 claluall 3l

=
I

ey TR
L L

TiTrese

L

S
/

E ]
N T4

A

(GIS) Agdliad) cilaglaal) alas 448 aladialy Wslalual Jilis L <Y shlid) (10) Jsal

. 2.8 643.93 dald) il 2009
claall Llal e adCl 4kl sl A e (Sa
Gohll dgar Lee Al (3hlia 4t o5 M) )Y
LI sa ddphall o38 Gluls ey cdnsall Caiaill chaY
ol ey Ml bl 3hliey jaill Bhalie
Ei 2009 5 2003 Gliiye & LS Leailing cbasg ol
Ay oball Bhlie o Al ddkie (e ehal Cuna

S leg dadine Glaluall a8 Ciyela

Cuall Al dalus Glua cldie apli sl
H(R.S) day 08 Jladia) i plsiiuly
diph Aaaial cudl jad) dalue laa gla-]
sl dalie Gl =l ey (125 11) oMK
678.92 s 1987le caly 1 VK clS il )
se Wl 2.8 657.85 Jsa cialy 1996 ale 85 2aS
ples oS 652 .6 Jsn Lsuad) dalid) culk 2003

2.2 fRaloaal

690

67892

680

-\

670

660

650
640

657.85
652 6
643.95

630

620

1987 1996

2003 2009

dagal) b Ciiatl) A&yl Lyguaall el jagl) cilalus o (11) JSi

- 385 -



‘)}Aﬂﬁi gy Cpea c‘;_m:\,\u\ ?L&h ?L..ua ¢danall daal o lan

o dalie ol G A8

Dend sen area

| 643 Km

um?m 2500000
0000 3500000

3470000 MB0000

| 3 .
S itemraTs

716000 724000 732000 740000 TABGOO 756000

TIG000  T2A000

]
732000

740000 74BOOO 756000

angall b cieatl) A5k cual) jagl) cilalual Lualiiuall Al (12) JSi)

P e daugiall elpeall ciaty Ayl elpeall ciad
syl i)

ey alaiuly Lsalyll Al b 45L) Alslea)l i
ol CilSy cCuall jad) dalise Cusas Geomatica PCI
Gl o pallil) JS5 g A (14) 3 6 LS
Lsmaall Cudl aall dalue Cialy Cua (A guaal) Al
Sos 2l 1996 ale 3528 669.61 s 1987 ale
22 647.91 e ) cliay 2003 Hle s 2.8 663
s Dsend) ainlis clag 2009 He & L
o JB (e Abld) oda Cheriiu) M 2.5 634.13
Ao g el Bhaliall e oliall (ALY fald)

Cluas bl (adlaiu) dulka) cdiyhall ol e L
O A lgd 0sS8 A Claludll (8 Lagady sl
Ji 08 slaal) bl 8 38N (KU eyl Bhlid)
Lo olaal poo Aisall (Blaliall (jmny Lalids Cum ccasllaall (g

e diph aladiuly Cudl adl Al Gl 2
:(NDWI) el Sl Dlia!

Gob e oball dalue Clual Lsall 13a aadin)
LY daph sy A6Y) dbed) Gady lpada)
:Geomatica PCI galiy JOA (e 322a%4l)

NDWI = (NIR - MIR) / (NIR + MIR)  (Gao, 1996)

Landsat ETM <aluwa™) & S

NDWI = (ETM B4 — ETM B5) / (ETM B4 + ETM B5)

shyanll cind Al )l Cadall il dsal e
o LB LS A e gy pal lly Ayl
okl sl Calalls Aage dad Llhacly ol
sle o gsiat¥ ) haliall axy 53l Jassiall yea)
oedaia) ddee Alaleal) oda Gulad (Buw Mg Al dad
i e IS Gualall Calally )l Calall (DA (0 oLl
i lSad) s ST (adlaiul maagy (13) Sl

- 386 -



2014 2 22l 41 dad) e lia¥ly b)) aglall cqlalys

Aiplall o3y cuall adl Lalitiall Jaihally culalul s (14) S W (s 0S8 dalad) Cloa oy

Landsat ETM+ (ualdlly ald) Cihall Ao olall (ulsad) dpud usi (13) Jsil)

2as fAaidi

&80 669.61
670 = 663
560 —

C—_ 64791
eo0 \
A 634.13

&30

620
&10

1987 1996 2003 2009

(NDWI) (Alall CiDUEAY) e aladiuly daliival) clabual) ad (14) Jsii)

NDWIZ009 CUNDWIZ0O0S NDWI1996

NDWI1987

(NDWI) aladialy daliival) Lij)dl) (15) Jedl

- 387 -



J}M)j (SR WYTIENEN “?.HMU\ ?m ?L.u; ¢danall daal PETTY

- dalie e sl Gl A

MNDWI = (ETM B2 — ETM B5) / (ETM B2 + ETM B5)
Al oLl cualiinl A5l Al DA
ety chugiadl jeal) cian Cadally aal) Cagal)
Sl (omY) LlalVl el o el dalus

LBy Lgialae Clua

DAY jhse alatiuly Cuall adl dalie Clea =3
{(MNDWI) Jazall plall Sl
thleS osS8 U:la.;j
MNDWI = (Green — MIR) / (Green + MIR)  (Xu, 2006)
Landsat ETM+ 8 Jiais

680 5708

=280 65875
660

645.61
650

640 e 630.
630 \-
620
610

1987 1996

2003 2009

(MNDWI) aladiuly dgguaal) claluall o (16) Jsid)

4

MNDWI2009

MNDWI2Z003

MNDWI1996

MNDWI1987

(MNDWI) 48y )k aladialy Laliivall Lijal) (17) Jsid)

Sy e el i Ay ddldl Cladid) Cilalie
Dl ) Auhal) ciliagi Cua (Xu, 2006) A (3 adiial
%99.85 I duai bl dlana) b ddle 4K A
Ay clay (NDWI) pdser 4jliay pdpadl 128 aladsiily
Dise Aladl mmg N G %7725 s 4
s gpadl il 3% 8 ALl a2 3 Ll (MNDWI)
dalise el Leahasind oKy 1 @plall Jumdl sas g3
On Al masm g (18) JKA b WS cudl )

Lsuadll Claladl 2 laag (175 16) NSl

led ey Ally ¢ pina) 13 dlanly daliiuall Ll
(gradl ppdill PIA e dalull ddhaie 3aat 8 383 s2e
o3 ey Lo iy Cuall el Cilalis s Agen il
LLYL lddua) e oluall adlain) 4wl dsyhl)
1A el diy clalud) Glia e LS L «g3Y)
Cudl el dalue clual Sa3d) 1 e i) cade)
Claa b lealassinl oSay A Jual] bl ojlic)y

- 388 -



2014 2 22l 41 dad) e lia¥ly b)) aglall cqlalys

-(MNDWI s NDWI) (sl alasialy acaliivall Jaif 2l

NDWI2009

{

MNDWIZ009 MNDWI2003

NDWI1996 NDWI1987

MNDWI1996 MNDWI1987

(MNDWI g NDWI) aladialy cuall jaul) dalua gadiiu) (38 puag (18) Jsdll

-

sl o 50

A gl pe il

NDWI

MNDWI

Cuall jagl) dalua B cipitl) Glaa (8 daial) 1 skl il 4358a (19) Jeil)
4y i) auy e Jlaall 8y08 Jagyf 483 gae ilaaY pill )l sae LDl Gl ol il Al
Glially bl e ol Qi e dsad Cumy Al ilS Al JS 8 Sy el el dalidd 4 el

a asb e dladll oSay g gy s ) gbas s adsll dipl 8 Al s ae sl Jaln A

- 389 -



)}m.n),\i gy Cpea c‘?_ug,\u\ ?\..h ?\.m; ¢danall daal PETTY

- dalie e sl Gl A

uall el Al 8 el Cilual

t ok e Al cliags

el dalue cleal FhhY e lae Aol cdgls
(ol il Al oy (AT Al Cladasa &y Cual
CAY) ydse Adphy casell e il A3k
il AL CGDEAY) yS3es o(NDWI)  leal) Sl
b abian Al lihee ddph (K .(MNDWI) Jaxal)
S aay G Leadls 48 4 i Ul e (e
dumdl o a8y A als o gk s Ak
s aladinly 48aa) cuall all dalus sl Gk
A Sl Bparasy Al Aplayy 2 e Jlatin)
(MNDWI) Jaxdl el Ll CDBAY) dse diph
sl Johall vie Linlall WllSaty) da alasiuly @llyg
AL Agyyhal) o3y cdansgiall peall agall Jshalls jasd)
(o) e skl Caaill

dle e ) el dalue ol G Lo e sl
o8l ol cuis 2aS 40 M 2009 ale s 1987
Al riwe palial 2ol JUlls (aY Ao e 25
S 1987 dle adl mhau gsiue cad il 405 (e
s 6 2009 ale aill mha (giue i 1ie 423
dalaie Aalise 33L)5 4alie (ssiue & Jasagll i Tjia 18
Gl a5mys 1987 ale ade culS Lae 0.53 Loty Al
gl Ul et ST a5 Ganbn Sl

Energy and Sustainable Development, Jordan Journal of
Mechanical and Industrial Engineering, 4 (1): 211-216.
Alesheikh, A.; Ghorbanali, A. and Nouri, N. 2007. Coastline
change detection using remote sensing, /nt. J. Environ. Sci.

Tech., 4 (1): 61-66.

Alhanbali, A.; Al-Bilbisi, H. and Kondoh, A. 2006. Monitoring
the Dead Sea Area Changes Using Remote Sensing and
GIS, Journal of Japan Society of Hydrology and Water
Resources, 19 (6): 483-490.

Bender, F. 1974. Geology of Jordan, Gebrider Borntraeger,
Berlin.

Closson, D.; Abou Karaki, N.; Klinger, Y. and Hussein, M.
2005. Subsidence and Sinkhole Hazard Assessment in the
Southern Dead Sea Area, Jordan, Pure and Applied
Geophysics, 162: 221-248.

Cube) Eua Cuall jall ol Al dshie o SIS
Laa olaall Aol dlie daf paall e Ayl Al (halie
e OSar Al (NDWI) e aadiiad Ul laaldie] jias
dsasl Basina Liay) 48 d8a)) (€0 oLl Ladanial aDlA
o and dalaid) Calyla) 8 o filiial) bl (Blalia sy
oaliinl (MNDWI) dse W ccud)l adl sl Gaa
S o3 P e ol o 32D lSed) A S
kS e slaiey) Says Jeadl) A5kl oda il
Z\_AL:: PER ‘_A\ C’.\LAJ Glaliadl  Glual 6 ysta g :d@_u
C._“:u @Aﬁ Lﬁ‘ﬂb (19) M‘j LG_ILA.AAJ al.\.d\ ua}almh
Al el a1 @l dysuaadl Cud) el dalie
ale Lypunall il adl dalie Caly Cus cdarii)
s il 1996 oo 4 Wl 2.8 670 s 1987
Opelall sl 3 ailill sae maals 2 658.75
dalie @il 2003 Hle s 2.8 12 2508 1996 5 1987
aialie Caly 2009 ale A5 28 64561 Cudl )
eele o padlnll jlaid Al Wl 2 630.99 s

22840 e 42009 5 1987

)
o pe L) il A apall sl aeud

falen 3 sl ddhe; Gl il Gihb Lyl
Ghb al Galt sy Cuall el Jie Akl Glalandl)

abally silaall

Gyedia e Chlpii Ldlie Gl 2010 cdsall aba)Y) 3yl
Lo j}!\

oY) ysdia e lily 2010 el ubigll 4855

aalies 4l cud) ) daglen (1985 ¢ oldl ae cale
A colee o 1 dngall ¢l 3L 5 4l

L)) ASleall 8 Al AlaY J5Y) el 2008 cddll 555
LOlee cadilel)

Abu Ghazleh, SH.; Hartmann, J.; and Kempe, S. 2009. Water

input requirements of the rapidly shrinking Dead Sea,

Springer, Naturwissenschaften, 96: 637-643.
Abu Ghazleh, SH.; Hartmann, J. and Kempe, S. 2010. Rapidly
Shrinking Dead Sea Urgently Needs Infusion 0f0.9 km3/ a

from Planned Red-Sea Channel: Implication for Renewable

-390 -



2014 2 232l 4] ddadd) e laiayls b)) askell calalym

Resources Research, 44, w12442, doi:10. 1029\ 2007wr
006752.

Qudah, O. Harahsheh, H. 1994. Recession of Dead Sea through
the Satellite Images, Royal Jordanian Geographic Center,
Amman-Jordan.

Salameh, E. and El-Naser, H. 2000. Changes in the Dead Sea
Level and Their Impacts on the Surrounding Groundwater
Bodies, Acta Hydrochim. Hydrobiol, 28: 24-33.

Xu, H. 2006. Modification of Normalized Difference Water
Index (MNDWI) to Enhance Open Water Features in
Remotely Sensed Imagery, International Journal of Remote
Sensing, 27 (14): 3025-3033.

Curran, P.J. 1985. Principles of Remote Sensing, Longman,
London.

GAO, B.C. 1996. NDWI- a normalized difference water index
for remote sensing of vegetation liquid water from space,
Remote Sensing of Environment, 58: 257-266.

Hajahjeh, O. and Khirfan, M. 2004. Dead Sea Recession and its
Impacts on the Surrounding Area Dead Sea Recession and
its Impacts on the Surrounding Area. INCO-DC,
International Cooperation with Developing Countries,
Contract number: ICA3-CT-2000 30008.

Kiro, Y. Yeshieli, Y. 2006. Time Response of The Water Table

and Saltwater Transition Zone to a Base Level Drop, Water

Monitoring and Measuring the Changes of the Dead Sea Area Using Remote
Sensing and GIS Applications

Haifa A. Al-Mohammad, Husam H. Al-Bilbisi, Hasan Y. Abu Sammour*

ABSTRACT

The aim of this study was to apply and evaluate four different methods in order to monitor and measure the

changes of the Dead Sea area using GIS and remote sensing technique as well as multi-spectral images acquired in
1987, 1996, 2003, and 2009 by Landsat ETM+ sensor. The four methods are (Manual Digitizing, Unsupervised
Classification, NDWI, and MNDWTI); the results show that all these method can be used to extract the water body
area. The results revealed that the best method which can be used, to measure the changes in water bodies, is The
Modified Normalized Differences Water Index (MNDWI) with Green and MIR bands, where the achieved
accuracy is better than the other methods. The results show that the Dead Sea area decreased about 40 km2

between 1987 and 2009.

Keywords: Dead Sea Area, Landsat ETM+, Manual Digitizing (GIS), Unsupervised Classification, NDWI,

MNDWI.
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