Al dwaljell alagll

PR | PR RPN | [ SN | AN W  SPUE G Py STy S
WP S S| c_g_l_ali (8 [ W 7| SN SR S| SR S Dy [ S—

oudall piol (3 pole .. Aaalt! B b s olsy] St Al 11 3 et B
By @yl (o piall e T g et ASUL) eadt) dilades AL ablas B zaldy
YO [ (TIPS @gals i WaLald¥ g AgoLalz ¥ sailasl| s dysgant!

S e lliq fatomas  Aacdall AS G Aieme B (o yNT glladl) a3 @

Wt f pam e dlllie. s Adsaud) A jal ASLel) Jaug s e AlaBlons 0

e e Al L1 131 B el e Jpgat i RIS ol
Shads £ : A psat! g o) kel - > -

;Miuugiipﬂiyhigﬁb dua 33 OSABI plije pdglad g)
A G Al Ghalilf B day e HLallu ¥ OLILY 4 LAY
(Agapaatf Ay ot ALl B liblad Asl Wl Quilya)

u.l_).h.”ld)l.ﬂ&.’n._!w..\

h sk iz «file Aiaiey 6ol Glutl it oy (@)
dgedl e dalies Jole Aione Aulyd  Ayagaut g patl A8kt

q aaell
ac-1v/ mIErFN



il Adidal Al




Al gl j.u.ll nball 4@>ﬂ

A1V 7 2V VA paalal) el

aﬁ,d\@md).uo)wﬂsdwu\,ww\@
—) £V Bl aeldlsdall — e ) 31 A als
o YEXVY ¢ oY ot
YIOA—E0TY & das
VETY/oAVT tg Yl o3,
VUIoA—E0TY 1 e
Jo BBk Bmal) dbsiz 2dly w8 sh
ST b 552 Yy A mldl 50 0ladl s
il e 090 dns ¢l Jo ads oS s
33081 WYl oV 3 Y sl e auls”

.JM\;ﬁgF}@@\)J\u'pﬁ




A3l il j.uJI laall

'4 Fﬂ




Apaylall gl j.nll gl 4@#

A1V 7 2V VA paalal) el



Arulall Awdlysall Alagll 488

PO | PSP | B SIS | RN RN DD  SPN Sy SRV S )

e et Jrimaxll (Sl (s
o al) et Jof o laidt puloee Jo by
ua¥l =l sedl cals
dgaes JT 250l dse o Glebes o llals
o gll &l il g o Lecall daladl a3 yuds

AY N/ DVEYY By1aN! yulos cliac

SRE el Slep Ll e s

Cassall — byl 5L S9lsLatt awgs Oladdu .

Toasaaadl = U el el ool (6 gl gl () 3
LYl — Loy L1 3Nl o o9al) awgs I .
Sl — Loyl lBMadl el Bobo (s ey

Ol = ity yailly aMe N cnal 4.‘131..\.‘.: Ao dema .

IV / & EFA SawliJl a2l




Al Agaleall Alagll &S
N

YAV / BVEYA gl soaal

ntalalt Grd paoett Gluty g Sigoedt piy Ualomal! G )3
Alalt Oty Mg CEad! (59509 Pusddaitly Lt

Frad), \ P RN (]
Jo Lol i Lneadls alall Comdly p il el —igyimdl o ylie o @l Hgassudl Al ) ol gie
Loyl sl Joud gl Guloma
Olee Lhale cdadans VY gyl 5,1 TY0 i o
salim.alhatrushi@gmail.com - hatrushi@sg.edu.om 1yt |




gl dgaljall dlagll

S TPPRNT] SN |

Ttyma] el g pa _..J,_.

ozel! sl
Lo ) 431 2l 2l Ay ) dally
The Gulf Geographical Journal : & k231 aaly
O glalt ol J oty Bk Bl o iy bl akd Ol y & el o 3802 dlad il 1y )
o3 gl B a0 BSLaLl b Bae (3 palle GG 500 s ey i al) gl 0
(1> 5y 3) Bl Y1y Rl Cellly Uiy (oS0 ot oy @il y &l A1 L 2 21 AW
st aRly Lasde Gl pdiy of e
g el g 8Ll Bl B 3 sl e S 1 2 e
ety S50 delsd
il Blill by il B G § o) oWy 5 SEl i bty & Bl a8 o b ()
rg,hsw sl G sl s UL Vg L Py candi 3 3 s 2
Gl ot Ly alall 55y mlly oW S on Balall S5Vl &l el OF (Y
A & ol (3 Szl
Simplified axiy \ ¢ Loy s Chead g DLk (il IS ST A e dg @l el g YT (Y
Arabic
B2y VY Jay cchaiy Bl il S RS AL e g DAY ARl il el LT (8
.Times New Roman
bl s s @aISYor bt Y 6 atd BV R il Labiis ool o (O
et SIS s dewp Ve
G Sl by Uy ol Ol e Sl V1 il gt O sl (T
35 AW Ay Do b Jomss M) o
e 85 @l Bl SV pually Lo A0 0 S5 O (Y
G B A al) TV et e el e 3w M e ) Ly (A
1036 522 Y e B (3 1 of i ontllls Gloms ol 88 3 pt H 6 5 (4
American Physiology ¢ Jesall Al Cs;” e cre 3L jwf G el e V) aet b
.Associaion (APA)
Ms Word (windows) el s bkt o3 1 8L} citd cn omd g oty Em Ul iy ()0
A e (] 3 e dea e Ll Sy
By s (3 B 8 et A313 B a2 e Ul 3 OF (V)
w0 7 A e g Bl g a8 ) Al g ol iy e U (VY
S g gt sl Ll ) A ) Al N LSS 5y (VY
i o Dl Vg A e Ol il Al 3 U s (V6
AN 5l gyl e g ¥ A All) 0SS 2 B i o (V0



n.m.b.ll n.l.nl j.ull n.la.u]l “‘1@?’

‘aY‘ VWV / 2V EYA tum‘ Adadl

Dyl | s bas|

il JT oodpl o et o il [y 581 il Jlo
Gibedl Juall 399 54l f
a3 grand) g ) A
& sl dilis ot [HsS W) Bl Llas
250 e By S aladl Y

B3 grand! dy 0 AL



gl gl gl S

Iy
N

22=l) daaliia)

-
-

L —
—t o

adadlas A zalis el A
A_QLA;W\} e laial) umha;l :
‘).\Lud\ )..al.l e )ALG Q \
"‘)AM?AA“)"‘L)J)JJ‘A“L‘; a
u.a‘)aj\ A.u\q_\c. "] L;.)u \
alharrah@ksu.edu.sa s3SI &y 5l

A y=l) ASLaal) L b ic dldlaa @ L plal) d8adl) drana @ G..a)\(\ elazll ot
MJ}:..A\
Jiall e jllae o Ji (0 deae ) sS4
maldakhil2000@yahoo.com &< s ASIY) & yll
Aiall fas jllae o dilae ) iS4l
almisnid@yahoo.com : s xSy 3 )

u)dli\ﬁml\_&h &N\H‘JY‘EAM\)MJM\JMM&‘
Mé}:.ml\

—
—
o

(mhereher@gmail.com) sy pll

Gy e (Tl slasl) o 1 paall salll 500 2ia JOSABI e skl
Al and Blld) L8 ey e ladiud)
(2 smaal) Ay yal) ASLeal) 3 Caial) diaal Al A 2)
@)A.“MLA_UJWEJ‘,.\S.\M
basmal22008@gmail.com s 5SY) u )

g2 sl gy o) ASLaal) (58 s e Aiiag (g o)

Laall e adiza Jale ) iS4l
s ASIY) a ll
adelecolli@yahoo.com

algall

Ll oy SI) ae QUi o
(0 dsana duw 2
sdigall aaal il s 3



mailto:alharrah@ksu.edu.sa
mailto:%20maldakhil2000@yahoo.com
mailto:almisnid@yahoo.com
mailto:mhereher@gmail.com
mailto:basma122008@gmail.com
mailto:adeleco111@yahoo.com
mailto:adeleco111@yahoo.com

Apaylall gl j.nll gl 4@#

A1V 7 2V VA paalal) el



g sutall 2o o]

UL BWRIEPNEY

el @5y alll Jgauy Lo adlally 53aally call aesll

515 alome 2 99a) (e Aaliillyg el (e ALV
el Jad (sLatll yuloma Jgod it 2ol yaondl Asn el
Sy at l_g.ﬂ 4;.\.1..\_su'\_v@wlu\u.ﬂ’ JL_?" c Ayl
e . 2uom 31 2l ol 2ol oy 0 il sl ¢ oyl
ol oo @l Hgasoutl alaag S le) pEa & O ey
2353 e Gugal bl Haalos Lyl s (o igpinll
sgm e 5 ALl 4l fy aladl el Aty 2 sl
Lge @aols sloef aias

e Bl B a_\,ub_“u\ \;_AM
u)&)g_,_o- ‘MJ’J‘@'\"“JﬁJ&}Mu—“Mﬁ""“ 4_12'\)49.
(Remote Sensing) 4.«.3 o oladn Ny (GIS) wisl past! calaglall
Lage (90 Ludl yamdl oali Ca s cm i ol «Habidee cilal jn 2
i P (e 4y olai ¥l Ay Ll Llinall 3 onllea 2.
ol s s LLiasll 2l Jolodl 21,3815 Juloiy

Mad oy € pa pulall punli o pele gagmndl dludils
alfloe oy gala Slia¥l g 5yl el ol oo Sojalline sl
Wyl ALl 3gacs AL 2ralong Lidlyindl @i (o p
31 LT (o B ) 5y 31 20§ g e 1glols By gacall
Al alablons 2 sl Ham Ll J3)3 o le Guabstll PO (e
Al s P e Hnge ) 2y yall A sslolly @ins!l 4 slaiay
e €5 Sl o 2 2l eaidV g 2 Lain ¥ egnilias
Ll yaantl @id pa Jis ol e pllaie 533 00 dema y5asa
Ao yadl A ledl Aadl ¥l Sga i (o damma alod] Asalo

'



ApaylalldgdlysallAlagll @h

SO TSP} STEPRPIN [P RPUYVIONE § SO SOy SYTY Y _

L e S T T ree—

A1V 7 2V VA paalal) el

omeid e il e ylloie o allli e Hes ity asga )
A5 2 Bungacall A pall AEaldly qundll Waalog Ll il
Aamme 2 (o)l eldad alp it o § o e Anjalan ¥ wallly
Loyall sl da g dyvic A balee & A gl as s &
O 22 Bguall dama HiEoutl Gy e 2 A3 e
pladiwl d i (uspnl® pllal el A sl Ldljandl @ wd
olall s Jowedd! Jax 2ilena] @i 2 aa (e Hlaiany!
Sl A atie oo Goadadll A e lall ol Y1 2
e s Lo 5 551 | Caieienl 2G| uding . 2a3gacall
el asalally ol aT Haslon Ll yandl @d fa oyl
ol eatl saill ;ALY sy 2 ey e ladie W A0E Losgall
Aioe e Gl 2l Ll acd gbltl 2 sl Ul e
@ed (o dadliue datina Jale Hsisnadl LT s gacdl Casliall
05 s gecall B padl B enlally Wl LU 2 aalon Ll il
Obla adhics gyl edl alladll joan 52 s ol
s i s el UA (e Boasa ! B pall Asaladly
s e ladieY s el il calaglal

Ly Lesii etlin ola ¢ quypssll Lall Lgi cdali Loy
ol 1 saadl 1 Le p3 50 Gl caladl culial sty cugm 81 2
wisl i 3 yallhy aBlse e yuyd e Aladl 2 20l 6551 Ol
Aaxlpey cAele Ao gyl (o lay pall I W abaic
Uy e g 2 as Glies]

O ey ¢ Llad 531 Gupbs le sosy cpsslily allf Lz,
Ll 95-cun (S yrmas LaSls (98t eSailzma ol 3 e 1ol
ALty 2 iolall @ssilalg ) onall o il Lgily 3y yssall
ﬁ&.‘n\.a:d Cﬁla'“ ;ngj\j c’a_u.u\j_”

ey yEm A W alEn e o ¥ LG 128 2 Lis ¥y
Dltial e A A Al paadl Aeeandl cliac [ 395 31 arand

\Y



ru;ub.ll Al j.ull n.L'I.uJI 4@)

T P S Ry

g sutall 2o o]

(c.b_x:c:atsﬁ S - PN | L BT S L -1 PN AR ST g ("@:‘:‘:'ﬁéﬁ'a‘ (g
oo 2 Al gl ) 2aylall B gl el 303
i‘a\_d\ ﬁ@juu.lauuﬁal‘ e Al Less chg
)&-‘.ﬂ.ﬂd-'ﬁﬁu\—d—id‘@)—hﬂdﬁ\—&-”&j Il Joe 38l
4_5.\.&1\.4 uo\.i).“ét._/.:am% 4).1»).’.1\.,\._3.2 <L U o)\..\._’ UL—"’j-"-“j
il A sranll e ol Ugaes (Lo +sga el 2yl

Lgilma g Azl

98l gy oy I Hgrsad

\Y



\ ¢

Apaylall gl j.nll gl 4@#

A1V 7 2V VA paalal) el






' 1

Apaylall gl j.nll gl 4@#

pY W/ aV VA palit) sl



2 2 ¥l byl st Bl 3yl 28
il iy ilud] Alablae 2 grally Hiso Ll
128 gacad] A yadl Aol ﬁ.m.?i.ﬂ
ALYy agelain ¥ pailasl

alael
O Jiadlas 2 phall juali g pale o]
Al &) e o g G al) sl )
20 sl Ay o) ALl ¢yl Sl (L jaal) and 3 g cllal) daals
alharrah@ksu.edu.sa: s xS & )



mailto:alharrah@ksu.edu.sa

YA

Apaylall gl j.nll gl 4@#

pY W/ aV VA palit) sl



PET7e BBV, [ EEP JPRULERRUR JEM I
“aihie; 2leull Athalne 2 zally Al il

%G‘ﬁﬁ Wl &,34“)3 %‘).wy‘ b T eud adsfudl 5yl A0
1 pacad| Ayl A lally @uadll Aalaiey Ailgud| Analns
Aalaudl g e lan Yl (il
Nbb.tl O el uue g ol jols o9 pale L R

ot allle o gsla T 3 panll
alharrah@ksu.edu.sa: - g2l ¥ uyd|

oasll]
dg>9 ‘A..,\ﬁ 4.4.&.&& 4.1.:\.&.0-‘} M\P a).AUa MM‘ W\
Lu_u.u)}y U‘é‘ﬁuﬁd’”}-’ uLuuy\A 4&\)?‘ o.ubu.\r_u\.u_a}”
4.1.\}‘..&.” J"’:P'” il g Al ng.u.u.n u«\.u:-._\j d))‘” ;‘)ﬁ
2 st e Q\&.ﬂ oo byl Glad¥l gobg .Lg):lT a,la)
oo OEly Y ey e e aldl b Lle AT oless
Wlymidl Jad S op padl gl syl als ol asspll
slaladl e s Wl pleaddl b y=a S).AU& Mﬁ
sia Apea¥ Nl caabizll ool e¥lzs 2 grawsall
dialad e 555 gd cduudd jalell e HBT e LI WL (G pallsdl
i ey cdidnae Gun Hle Amsly Glewmy Wlyn LT s
Of ks adl yala ) oasdl el pe jalel) Jolds oo
o cre Gl ol S U5 20 1357 2s 1l 5 ol
A al LsfquJﬁ%y‘
Sl sl sl 10 e Bl JI awl)ull oda a5
Ailgut] Alablons 2 opiadlgll (zalhs) (Ramlil) Suyd 2 4l

\4


mailto:alharrah@ksu.edu.sa

n.n.l.l_.'m.lj n.mlj-ull n.laa.ll @Pﬂ

pY W/ aV VA palit) sl

Eu.ub.,d\ 2\.}.«.54.! 5y uz&ﬁ.ﬁj s,:,eu ol gl *@w
YR S J}wﬁi‘ o2 R 4—:—*@}” ablaaYl pasy
Aol w50 H i e ples g Al el pitie oo bl Y
Oly -@olyd e byt 2 @l 2ulyudl 2ie (e 77T g
Ole=t o m.m.ﬁ_” UT D9 S)_:z‘,.” I gq.ge_ﬂ (R0 AT FE)
JE=dn Wyl 2 cileasdl yalgh ane O (el g o o] el
Byl as we e ciaela S Jelgall 50 (e olEs cenlia
Asalall 2 a3yl Gl Bliadl duo s Bl yull cuidy
AT Sy I e a3l e e
abalee Bl quadll Hahie caflall ol
cla sy Il WS ol Wy craslll w,d caslell
A5 e 31 e 5,55 al gl



PET7e BBV, [ EEP JPRULERRUR JEM I
“aihie; 2leull Athalne 2 zally Al il

Internal Migration Intention of Family Heads at Al-
Nasefah&Thadej Villages of Nabhaniyy District — Algassem Province
in the Kingdom of Saudi Arabia: Social & Economic Features
Prof. Amer Nasser Almutair, Prof.

AbdulAzizlbrahaimAlHarrah& Mr. Hadi Abdullah Alharbi.
King Saud University, Geography Department, Alrayadh, KSA
E-Mail (alharrah@ksu.edu.sa)

Abstract

The human migration is an ancient geographical and social
phenomenon that preceded human existence on the earth. Human
nature move from one place to another in search of sustenance and
a better livelihood. Internal migration is basically limited to
movements from one administrative area to another; a person
intends to move from an area to another for settlement with the
observation that intentions vary from time to another. However, it
is obvious that in most cases, human migration intention aims at
populace movement from a place to another.

The populace migration phenomenon attracts great attention of
the specialized scholars in various fields of knowledge. In view of
the importance of this phenomenon that has reflections on the
migrant which in-turn affects the culture and social links with
people of the location from where he/she migrated. It also gives the
clear picture of the level of the migrant’s livelihood and portrays
his/her interaction with the new society to which he migrated.
Internal migration also plays the role in minimizing the differential
levels of remuneration and livelihood among areas.

This study aims at realizing migration intention of family heads
in the villages of Al-Nasefah&Thadej located at Nabhaniyya
District of AlQaseem Administrative Province in the Kingdom of
Saudi Arabia; and also at the efforts to determine the factors that
affect and engineer the migration intention from the study samples.
The study adopted the descriptive, evidentiary and extrapolate
methods making use of some analytic investigations in order to
arrive at relations and links among variations of the study. Among
the most important findings of the study is that about 36% out of
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the sample of the study have the intention of migrating from their
villages; and that about 86% of those with migration intention think
that Al-Qaseem is the appropriate place to migrate to. It was also
realized that lack of adequate services in the village is the key
factor that engineer the intention of migration. The study provided
recommendation for a concern with the Kingdom’s Provinces in a
balanced manner so as to minimize the internal migration process.

Keywords:Algassaim Administrative Region, Annabhaniah

Province,Annasfah Village, Thadage Village, Intention of internal
migration, Factors affecting the intention of internal migration
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The Change of Land Cover in Algadah Nature
Reserve in Unaizah district, Central of Saudi Arabia
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'Imam Mohammed Ibn Saud Islamic University, Geography Department,
Riyadh, Saudi Arabia.

E-mail: maldakhil2000@yahoo.com
“Qassim University, Geography Department, Riyadh,Saudi Arabia.
E-mail:almisnid@yahoo.com

Abstract

The ecosystem in Algadah Reserve is a fragile region as
other deserts in KSA, it requires comprehensive development plans
to preserve it from further degradation. This study aims to answer
the important question: can Algadah maintain its natural cover and
land use during the last period to support the stability of its
ecosystem? This study also seeks to address the missing
information about the degree of change in land use during several
decades (38 years from 1972 to 2010), in order to, help researchers
and planners to analyze changing trends and predict future change.
It uses remote sensing and geographic information systems
technologies.

To achieve the study aims, a geospatial database created of
the monitored change during six periods between 1972 and 2010
for nine variables including main human activities and the natural
terrain including natural vegetation, which reflects the impact of
grazing activity.
The Algadah nature reserve extents on 1550 km?, and the study
showed that it lost a large area of its natural vegetatlon reducing it
from 93km?in 1990 to 71 km?in 2010, This vegetation degradation
may be due to mcreasmg human activity. In 1972, human activities
covered 13.45 km? of the region area and reached 211 km? in 2010.

This study emphasizes the rapid growth of human activities
inside Algadah area that has a direct effect on the environment,
directing the attention of researchers and planners to the issue.
Finally, this study recommended a review of the old policies and
systems management of Algadah nature reserve benefiting from
current results.
Keywords: Environment protection, Land Use,Remote Sensing,
GIS, Algadah
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Introduction

Environmental degradation is one of the main problems that
many countries seek to monitor and treat to achieve sustainable
development. In desert and dry regions, environmental degradation
has significant effects, like desertification that impacts population
health through sand and dust storms (Bahamam, 2013); (Althyabi,
2015); (Almisnid, 2011).

The plan to preserve the ecological balance in any region
requiresknowledge of the current situation, and its natural and
human factors. The status quo elements can be determined by
landuse analyses and their change over time. If the precise spatial
data is not available for a certainperiod, it can pose difficulties for
planners and researchers.Without the knowledge of the types of
land uses, and the degree of change over time, planning or
establishing policies to maintain the ecosystem can be problematic.

The lack of spatial data is an obstacle to sustainable
environmental development. Algadah Nature Reservealso suffers
from lack of published data of land use and vegetation and their
geographical distribution of many areas (regardless of its
protectionor the state of its ecosystem) in the Kingdom of Saudi
Arabia (KSA). The studies and research to provide such data take
time, which may delay immediateactionstostop further damages to
the ecosystem. This, study contributes to solving the data-lack
problem of landuse change, vegetation and main soil types in
spatial distribution in Algadah Nature Reserve.

Aims

The study aims to determine if Algadah has maintained its
natural characteristics as a natural reserve area, or if there
isasignificant change in its ecosystem due tonatural-cover
changingand landuse during the past 38 years. Also, this study
seeks to address the lack of necessary information related to
landuse change for planners and researchers in the protected
Algadah environment.
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1- The Study Area

Algadah Nature Reserve, also named Ashgaygah Sand Dunes,is
locatedsouthwest Unaizah city, in the central of Saudi Arabia,
laying in Qassim region, which is part of Najed’s plateau between
latitudes 26°.05" and 25°.28" N and longitudes 43°.44" and 44°.13'
E. The study area includes the sand areas located in the
southwestern of Unaizah district.

The maximum length from south to north is 73 km, the
maximum width from east to west is 33 km, and the minimum
width is 5 km in the south of Algadah with area 1564 Km?2 (Figure
1).Algadahname is derived from the dominance of Haloxylon
Persicum Bunge (Ghadah) tree which is endangered and needs
specific conservation measures in the Arabian Peninsula (Al-
Khalifah & et al, 200°).

Figure 1: Border of study area and the background is Landsat satellite image (1985).
Source: KACST; study border researchers based on fieldwork.
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2- Geographical Characteristics

Most of the study area is part of Unaizah district. Geographical
studies on Unaizah give attention to Algadah Nature Reserve.
Climatic data recordsare collectedfrom Unaizah climatic station
(established in 1964). The study area is an arid regionaccording to
the Koppen Classification.The main reasons for the region’s aridity
are its remoteness in relation to the major rain bearing weather
systems, such as the North Atlantic depressions and the Indian
monsoon, and its exposure to air predominantly continental in
origin (De Pauw, 2002).

Algadah Nature Reserveis characterized by very hot, dry days in
summer (May to October), when temperatures can reach
50°C.Winter days are mainly cool and dry, sometimes, with very
low night-time temperatures, which can be freezing. Because of the
aridity, and hence the relatively cloudless skies, thetemperaturesare
greatlyextreme;but there are also wide variations between the
seasons (FAO, 1997). Air temperature follows a regular seasonal
trend, with a minimum in January and a maximum in
July.Almogaoud (1993) estimated the annual average temperature
of the study area at 24°C (1964-1989), while the annual range was
21.3°C. Alwaseedy (1996) found the average monthly temperature
to range from 19.4°Cin January to 42.5°C in July.He also asserted
that the absolute maximal temperature recorded in the study area of
Qassim is 50.2°C in July 1987, and the absolute minimal
temperature -4.5°C in both January and February of 1989.

The average annual rainfall in Saudi Arabia ranges from 80 to
140 mm (Ministry of Higher Education, 1999). In the study area,
the total annual rainfall has been estimated at 130 mm/year from
1964 to 1989 (Almogaoud, 1993), and at 89 mm/year from 1973 to
1993 Almisnid (1999). In addition, Almogaoud (1993) noted that
July and August are almost rainless, whereas spring is the rainiest
season.

AlgadahReserved area is sand deposits of the Quaternary Period
occurringduringthe extreme drought events in the region. The sand
dunes of Algadah are of continental origins and are more stable
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than the coastal ones (Alwelaie, 1995, 1996). The sand dunes in the
Arabian Peninsula are believed to have formed in a successive
pattern from the end of the Miocene and up to the late Pleistocene
(Whitney, 1983). The Nefud Ashgaygah (Algadah) has different
types of dunes such as barchans dunes, longitudinal dunes and star
dunes. The soil of Algadaharea is sandy in texture with limited
organic matter and nutrient contents (General Soil Map of the
Kingdom of Saudi Arabia, 1986).

4- Literature Review

Based on the elementsrelated to this study that include
geographical characteristics, land cover, remote sensing and GIS
applications. The literature review is presented in the following
sections:

4-1- Climatic and physical studies:

The previoussectionpresenteda  descriptionto  the  study
area’sclimateand related studieswhich will not be mentioned here.
Asharif (1969) discussed the human and physical geography of
Algadah as part of Unaizah and tried to identify the main types of
soil and plant communities. Doxsiads Report (1973) evaluated the
current situation in that time for human and physical issues with
brief details about soil and sandy dunes of Algadah. While
Commission Beauty and Improve Unaizah (CBIU) (1988) and
Asalman (1989) concentrated on the development of Unaizah
district and reviewed briefly physical aspects, especially plant
communities and the attraction of Algadah area to tourists.
However, these studies produce a description ofAlgadah surface,
dominated by sand dunes that laysequential in longitude.

4-2- Flora and Fauna:

Literature review about Fauna and Floragive a general
description of the vegetation and soil (e.g. Sankeri 1978; Ministry
of Agricultural 1988; Aba Alkahil 1999; Shawdari & Ajwayd
1998; Al-Shegufani 2003; Al-Nafie 2004; Alawaji 2007 and
Alkhelify 2010; Environment Community 2005). Al-Shegufani
(2003) recorded the flora in Unaizah Province and described the
community of Haloxylon Persicum Bunge"Algadah" in details.
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While, Alkhelify (2010) described the vegetation distribution in
Algadah Nature Reserve.Based on the literature,Algadah Nature
Reserveis a habitatfor a variety of plants including:Heloxylon
Persicum, Heloxylon Salicornicum, Salligonum Comosum,Deverra
Triradiataand Sacrphularia Hypericifolia(Figure 2: Images 1, 2, 3,
4 and 5 respectively).

Figure 2: Main Permanente Plants in Algadah reserved area
Source: Field work researches 2014
R
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In terms of fauna, there are no studies published; however,
generally the animals distributed in the sand dunes, asobservedby
experts,are: field-rat, small-rat, lizard, large serpent, spiny lizard,
fox, scorpion, beetles, sand blowing(scineus), sangaazer, chamelco
Mediterranean.

4-3- Human activities:

Other studies focused on the impact of human activities,grazing
and firewood cutting on vegetation land cover (Asharif1989a & b;
Aba Alkahil 1994 ° Alsaeed & Algarawi 1994; Al-Meshilah and
Qwas 2001 and Al-Nafie ,2001). Aba Alkahil (1994)studied the
response of vegetation to complete protection from grazing for
three years in Alhifera Village. On the other hand, Al-Meshilah and
Qwas (2001) studied the effect of partial protection on the
abundance of woody species in Algadah Nature Reserve. In
addition, Alsaeed & Algarawi (1994) and Al-Nafie (2001)
evaluated the economic values of the dominant woody species such
as, Heloxylon Persicumand Calligonum Comosum L'Her (Arrda) in
the area. These studies have reported the negative impacts of
firewood cutting and suggested several solutions to control this
activity.Aldoseri  (2002) expressed the need to improve
environmental awareness for sustainable use in KSA.

Ndalahwa (2001) studied the Population Dynamics and
Sustainable Conservation of Protected Areas in Swagaswaga Game
Reserve (SGR) in Tanzania. He statedthat the ongoing resettlement
process through encroachment is accompanied by an expansion of
human activities such as agriculture, and lumbering which are
increasing threats to the survival of wildlife. These practices have a
negative impact on some animal and tree species that are specific to
the SGR. This situation calls for deliberate measures to intervene
the processes of degradation (Ndalahwa, 2001, P. 20). This
illustrates the importance of evaluating human activities
distribution in the protected area.

However, none of the studies either in Algadah area or in the
whole of the country have evaluated the impact of human activities
and their ecological implications on the ecosystem processes in
spatial dimension. The work of Al-Nafie clarified the impact of
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human activities in the soil and vegetation cover and proposed a
number of ways to preserve the environment in Rawdah Asbalah
(Al-Nafie, 2006).Al-Nafie (2007) worked on the physical
disturbances caused by off-road driving vehicles on the annual
plants and soil, no detailed quantitative analysis or spatial
distribution has been undertaken. In addition, the inventions of
modern technology such as remote sensing and quantitative
ecology has not been widely applied in the ecological studies. This
gap in the knowledge of the spatial distribution of human activity-
impacts or landcover change are recognized, and is especially
important in the context of monitoring and managing protected
areas to overcome the degradation throughout the country.

DeFries et al. (2007) studiedthemanagement of land use change
around protected areas to balance human needs and ecological
function.Through thestudy, the identification of appropriate and
effective management opportunities depended on clear definitions
ofbiodiversity attributes of concern.Landscape is connected to
delineate particular locations with strong ecological interactions
between the protected area and its surrounding landscapeand
socioeconomic dynamics that determine current and future use of
land resources in and around the protected area. This reflects
theimportance of spatial dimensionforprotect area management
(DeFrieset al., 2007: 1031).

4-4- Remote sensing and GIS:

Nowadays remote sensing techniques became main tools
providing researchers and planners with huge amount of digital
data about landcover and landuse. These data can be used to track
and map changes that occurred to the environment (Ageeb et al.,
2006, Algamdi 2001; Yang & Lo0,2003). The vegetation in arid
environments is often stunted and sparse and exhibits an original
structure characterized by an often no disintegrated soil-vegetation
complex. Natural environment degradation is not only associated
with climatic, edaphic, and morphological factors at a regional
scale; but also, and ever increasingly, with variables connected to
the impact of human activity on vegetation (Le et al.,1991,
Pouget,1980; Aidoud,1989; FAO,1989). Human activity can cause
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dramatic changes in arid regions as the fragile natural plant cover is
stripped off and its root system destroyed by the process of tourism.
Remote sensing techniquesconsidered an appropriate method for
effective monitoring and accurate landuse /landcover changes in
space and time effectively,as there are a suite of sensors operating
at various imaging scales and scopesby using various techniques
(Jwan et al., 2013).

Numerous applied studies have been published in the field of
environment and geography to observe, monitor and analyze desert
vegetation. Early work on land cover change analysis using remote
sensing (Nelson & Holben, 1986; Tucker et al. 1991; Lambin &
Strahler, 1994) was based on the analysis of multi-temporal
Normalized Difference Vegetation Index (NDVI).

Davis et al. (1994) provided an account of the use of remotely-
sensed images (Landsat-TM data and aerial photographs) and GIS
technology to characterize vegetation communities in
southwesternCalifornia. Authors demonstrate how a vector-based
GIS combined with remotely-sensed data can be used to produce
improved landscape-ecological maps compared to those generated
using traditional mapping and manual cartographic
procedures.Studies of image differencing with Landsat Multi
Spectral Scanner (MSS) data have shown that the Red band is
useful in detecting urban development, while the Near Infrared
(NIR) band is good for detecting change within agricultural land
(Fung, 1990)

Miller (1999) monitored the vegetation change of a small area
located in Southwestern New Mexico. He used aerial photos and
GIS analysis and climate records to study vegetation changes.
Lambin and Ehrlich (1997) studied land cover in Sub-Sahara
Africa. They used NDVI to monitor the land cover changes and
found that climate conditions and human impacts are two major
vegetation cover influencers.

Frank & Tweddale (2006) studied the effect of spatial resolution
on the measurement of vegetation cover in three Mojave Desert
shrub communities. They found that the effects of spatial resolution
were more pronounced for smaller shrubs and shrubs that tend to
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be isolated with open canopies. Therefore, high spatial resolution
was necessary to accurately estimate the area of shrubs from
imagery. Youhaoet al. (2007) identified the vegetation changes in
the sandy areas inMingin-China by analyzing satellite
images.Youhaoet al. (2007)found thatNDVI provided useful
information to monitor vegetation changes, especially for natural
plants growing on sands dunes and semi-fixed sand dunes in arid
Mingin region. Another example, Algamdi (2001) used satellite
data to identify changes that occurred on landcover in Mecca area.
Dewidar (2002) applied three techniques to study the changes
occurring to the coastline of Hurghada landfill area. He concluded
that uncontrolled tourist development has caused significant
damageinshore and in the coral reefs.

Mapping soil types has been the subject of a great deal of
research in remote sensing. Remote sensing has the potential to aid
in characterizing soil properties. Soil reflectance is a function of the
soils physical composition such as, moisture content, texture,
structure and chemical composition such as organic matter, iron
oxide and carbonate. The spectral radiance varies with soil
aggregate size and soil moisture content (Morris, 2004). Wet soil
exhibitlow spectral radiance and have a darkercolor than similar
dry soils. In infrared portion of spectrum, roughness tends to
increase reflectance for light-colored surface soils but it decreases
the reflectance for dark-colored surfacesoils. Martinez-Rios (1999)
studied the implementation of Landsat Thematic Mapper to classify
soils in arid lands. He created four remote sensing approaches
named simple, technical, scaled and complex to determine the best
method for identifyingsoil-mapping units in Chihuahuan Desert.
The results revealed that the simple approach obtained the highest
classification accuracies.

Esbah et al. (2007) studied the development of urban growth in
the region of Kusadasi(Turkey) near a protected area by using
remote sensing and GIS technology. They found that themost
crucial factor that contributesto urbanization in the region of
Kusadasi is tourism.In another study Esbah et al. (2010) used
remote sensing and geographic information system to detect land
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use and cover changes of Didim peninsula in Turkey. This study
showed a good example of the impact of national policies on
landuse dynamics of local landscape scales.

Dong et al. (2008) applied remote sensing technique to assess
the impact of tourism development on temporal landcover changes
in the Lugu Lake region. They concluded that landcover changes
could be explained by the success of tourism development and
ecosystem management.In Sichuan Ruoergai Wetland National
Reserve China, De-rong et al. (2010) have studied the changes in
landscape patterns by implementing remote sensing, GIS
techniques and field validation. They found that climate changes,
and human disturbances such as overgrazing, drainage and
unmanaged tourism were the main causes of alterations occurring
to the landscape of the studied region.

Dai et al. (2010) have used Landsat TM and ETM data sets and
other vector data to quantitatively estimate changes in the size of
five landcover\ landuse categories in Kangding CountyChina. They
found that population growth, economic and national policy to be
the main driving forces of landuse and landcover changes.

Several researchers worked with combining different sensor data
in monitoring land use/ land coverchanges, among themWen
(2011). The research focused on determining land cover change in
Guam, USA from early 1973 to late 2000. Guam has been facing
extreme landscape changes since World War 11. Data from different
dates and sources were applied to address the land cover change
phenomena in Guam. Landsat Multi-Spectral System (MSS) image
of 1973 and Quick Bird image of 2006 were employed to derive
land cover information, and then land cover change was
determined. The results from this research indicate that land cover
changed a lot from early 1970 to 2000s, and the change will
continue; considering the on-going buildup activities in Guam. Lu
et al. (2011) used MSS, Landsat TM and ETM+ remote-sensing
data for land cover changes of the Yangtze River during 1990-
2005. They have been utilized for monitoring land cover and land
use changes especially in the land that has been affected by human
activity to various degrees.
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Mateos & et al. (2010) analyzed results of the application of an
automatic method of radiometric normalization between two multi-
temporal images of the same zone “Toledo (Spain) in dates of 1995
and 2005”. The study concluded that the Multivariate Alteration
Detection (MAD) transformation as method of change detection
has highlighted existing changes. This technique depends on the
chose threshold to highlight changes in each component. These
thresholds have to be selected by means of an empiric method
through observation by the image analyst.

The purpose of Nori & et al. (2008) study was to detect
vegetation change using supervised and unsupervised change
detection approaches toassess land cover changes in EI Rawashda
forest, Sudan. Two satellite imagery, acquired in 2003 by Landsat
ETM+ and by ASTER in 2006, were classified into four main land
cover classes namely: grass land, close forest, open forest and bare
land. A change matrix was created in order to map the land cover
changes from 2003 to 2006. Generally, the results show a
noticeable increase in area on both close forest and open forest
areas with decrease in grass lands within the period 2003-2006.

In conclusion, remote sensing literature review shows that this
techniqueis considered a main source of accurate spatial data for
space and time. While GIS provide enormous potential to save,
update and mapstatistical analysis and spatial information.
Therefore, they are effective tools in environmental studies. In
addition,RS and GIS can be used to support some criteria and
indicators toprovide an accurate way to quantify, map and analyze
changes over time in land cover and land use.

5- Data collection

5-1- Satellite images and maps:

The variables contributing on formulatingAlgadahlandcover
have human and physical dimensions, and the data was collect
mainly from analyzing satellite imagesof different periods.The
Landsat and SPOT images obtained to extractlandcover and
landuse changes in the study area for the period from 1972 to 2010
(Tablel) and (Figure 3: A - F).
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Table 1: Theinformation of satellite images

Satellite | Resolution Date Source
Landsat 57m 14/10/1972 | KACST
Landsat 30m 3/4/1985 | KACST
Landsat 30m 3/8/1990 | KACST
Landsat 15m 12/11/2000 | KACST
SPOT-5| 2.5-5m 1/6/2006 | KACST
6 | SPOT-5| 2.5-5m 11/5/2010 | KACST

5-2- Topographic and Geological Maps:

Basic information about geological structure are obtained from
geological maps.The topographic maps give initial information
regarding the study area variables and help to complete training-
area effectively, in addition, verify some information on human
phenomena, these maps are:

- Geological map, Sheet N: 1-206 A Scale 1: 500,000 (United
State Geological Survey (1963).

- Topographic maps, scale 50,000 within NG 38-6 (maps
N0:4325-11 , 4325-12 , 4326-22 , 4326-33). within NG38-10
(maps No: 4425-43 , 4425-44 ) (Ministry of Defiance and
Aviation 2002):

g2
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5-4- GPS Data

Data collection include control pointswhich are collected
throughfieldwork using GPS station (LICA GPS SYSTEM1200) to
correct satellite image and location errors compared to the real
world, and to run image analysis and explore the study area. The
team worked for two weeks (not consquative) to collect alldata.

The procedure of determininglandmarksto use as ground control

points (GCP)are as follows:

a) Static method has been used to determine the coordinate of each
referencing point.

b) The ground coordinate control points (GCCP) has been collected
using Real Time Kinematic (RTK).

c) WGS1984 projection has been adopted in this work because it is
one of the official projection systems used in the Kingdom of
Saudi Arabia.

d) Coordinates have been collected for main roads, electrical
towers, and other landmarks.

e) Processing the data using LICA software.
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f) Converting the data to Microsoft Excel to make it easier for
image correction.

g) Producing maps in "shapfile” extension using ArcGIS software.
The software was helpful in determining the locations of (GCP)
on the satellite images, Table (2) show the reference points.

Table 2: The reference points of the study area.

Reference Name Lat Long X Y Elevation (m)
Unayzah.1 25° 58'01.73555" N | 43° 56' 52.94555" E | 394764.813 | 2872348.59 674
Unayzah.3 25°54'21.73042" N | 43° 59' 25.06641" E | 398942.914 | 2865547.08 744.88

Mithnab 25° 50" 30.60556" N | 44° 12' 30.76782" E | 420760.2293 | 2858286.934 650.66
Kharmah 25° 35'51.91261" N | 44° 03' 50.06105" E | 406073.3241 | 2831351.588 711.62
Dhaima 25° 39'07.81738" N | 43°54' 11.05392" E | 389971.8109 | 2837502.076 730.25
Naam 25° 43'57.90056" N | 43° 50' 33.64650" E | 379884.2491 | 2850463.819 730.02
Naam.1 25° 56'59.11243" N | 43° 40' 15.11756" E | 370417.4748 | 2873183.655 654.89
Naam.2 26° 05'14.56730" N | 43° 53'18.28109" E | 387112.9246 | 2883974.433 643.69
Abrag 25° 59' 08.96376" N | 43° 48'57.88586" E | 381572.4536 | 2874529.7971 666.89
Wadi_Rummah | 26° 03' 35.64963" N | 43° 46' 42.15142" E | 377875.0917 | 2882769.2286 656.16

6- Remote sensing and GIS work

The initial work has been done using GPS data to correctthe
satellite image errors. The processes of image correction
wereapplied to all satellite images (1972, 1985, 1990, 2000, 2006,
2010). In addition, the mosaic of three SPOT images is created to
cover the study area.ArcGIS Desktop 10.1 program used to mapthe
changeof landcover and landuse in the study areaover time and
calculate the areas.The first step of GIS work is digitizing the study
area boundaryusing ArcMap in ArcGIS and preparing base map as
presented in Figure (1). Algadah boundary wasidentified during
field work with a contribution of an expert in the area'”. The next
step of GIS work includes two tasks: Building the File Geodatabase
to store the digital data of study variables that willbe extractedby

@ Mohammed Alumory guide in the branch of Agricultural Ministry in Unaizah
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remote sensing analysisfor the sixth images, and calculating areas
and mapping the results.

7- Methods

Remote sensing and GIS technologies were adopted to support
extracting and monitoring landcoverlanduseofthe period between
1972 to 2010 (38 years). The next step in remote sensing is
clipping the images (in deferent time 1972, 1985, 1990, 2000,
2006, 2010) based on the study areaboundary. Then, complete
imageprocessing (Image pre-processing, enhancement, and
classification) to extract the data in raster and vector formatsfor
landcover and landuse variables.

The study applied supervised classification method; since, the
surface of the study area is mainly covered by bare-sand and sparse
vegetation. NDVI?> and  imagedifferencingchangedetection
techniques are appropriate methods to use in such region. The
application of NDVI contributed to show differences between two
particular images, and to assist in measuring human impact such as
urban areas.This application can be used to providedata regarding
soil types and to classify a specific area into different levels. Also,
it assists image classification by separating vegetated from non-
vegetated areas (Alharbi, 2001). Vegetation mapping from remote
sensing images is theoretically based on the spectral characteristics
of green vegetation (Qin et al. ,2003).

8- Analysis

The analysisprocess includesfield measurement, observation
analysis of Landsat and SPOT images, and applicationsof GIS used
to monitor, determine and map changes of landcover and landuse in
the study area.

Data of land cover and land use were used in this study
completely corrected (Geometric Correction & Radiometric
Correction) by Space and Aeronautics Research Institute, The King
Abdulaziz City for Science and Technology (KACST). The
classification of land cover in Algadah Nature Reserve extracted

@ Normalized Difference Vegetation Index
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form Landsat and SPOT imagesby applying supervised

classification method. LandsatandSPOT images are useful in

mapping urban-areaclassifications, and vegetation studies. The
thermal bands (7 Spectral Bands or 5 in SPOT) are useful in

studying the surface temperatures from satellite images. NDVIis a

numerical indicator used to assess the vegetation cover and ranges

from -1 to +1,positive values indicate vegetation. It is a tool
estimating the biomass content in vegetation, by assessing the
health of the vegetation. The NDVI range isaffected by the soil
background reflectance, water background and vegetation density.
The NDVI range for the delineation of vegetation should hence be
determined using the following formula: (Eastman, J. 2001: p.32)
NDVI = (NIR — RED)/(NIR+RED)

Where NIR = Near Infrared.

The supervised classification is applied separatelyto the six
images using Erdas Imagine 9.1. Initially, the study area has been
clipped from the satellite images. To enhance the classification,
more than 200 signatures were collected by field survey
(31/5/2015) for the listed variables. Then, nine land cover variables
are identified as follow:

e Agriculture:Indicates the agricultural areas.

e Fallow land:Indicatesthe land that is normally used for farming
but that is left with no crops for a season allowing it to
recover its fertility, and is usually located close to agricultural
areas.

e Sand-1:The sand dunes areas.

Sand-2:Indicates the flat area covered by gravel or sand

depositions.

Urban:Villages and built-up areas.

Salty:Indicates sandy, clay and salty areas.

Dolomite:Layer of dolomite zones.

Road: Paved road network.

Vegetation:Natural plants.

A¢



Lagaadl A el Asaladl daryg 53gic Alndlxa

The accuracy of the classification was tested by Accuracy
Assessment method depending on 340 signatures randomly
sampled by the program. The result shows the degree of accuracy
was up to 95%.The next step was mapping the classification,
converting raster data to vector data in separate layers and
calculating the area of each variable using ArcGIS 10. The
classification of landcover in1972, 1985, 1990, 2000, 2006 and
2010 displayed in nine variables(Figure 3).The actual area to each
variablewas calculated.Thechange of landcover summarized in
Table (3). The imagesof each year and error matrix isshownin
appendix (1: A- F).

Figure 3: Landcover and land use in Algadah protected area f_rom 1972 to 2010.
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Table 3: Total area of land cover for all variablesfrom 1972 to 2010.

Land cover
variables

Years

1972

1985

1990

2000

2006

2010

Agriculture

10.1837

57.455

82.054

131.723

136.081

155.324

0.66

3.71

5.29

8.50

8.78

10.02

Fallow land

2.454

50.457

46.067

48.246

49.53

47.964

0.16

3.25

2.97

3.11

3.19

3.09

Urban

0.6128

2.921

2.939

4.163

4.294

4.46

0.04

0.19

0.19

0.27

0.28

0.29

Sand
dunes-1

1408.682

1232.497

1169.217

1185.111

1158.766

1150.455

90.87

79.50

75.42

76.45

74.75

74.21

Sand-2

81.774

86.49

121.52

59.33

76.888

77.967

5.27

5.58

7.84

3.83

4.96

5.03

Salty

5.167

4.266

3.645

7.284

7.996

7.287

0.33

0.28

0.24

0.47

0.52

0.47

Dolomite

41.08

32.057

29.966

28.378

27.567

31.943

2.65

2.07

1.93

1.83

1.78

2.06

Roads

0.296

0.52

1.66

1.97

2.536

3.27

0.02

0.03

0.11

0.13

0.16

0.21

Vegetation

0

83.587

93.182

84.045

86.592

71.58

0.00

5.39

6.01

5.42

5.59

4.62

Total

1550.25

1550.25

1550.25

1550.25

1550.25

1550.25

* Vegetarian in year 1972 did not identify because of low image resolution.

9- Results and Discussion

The land cover of Algadah areaidentified through satellite
imageanalysis, which showsmany changes over the six time
pointsfor each variable. The dominant feature inAlgadah isthe sand
dunes formulated between 90% and 74% of the total area. The
comparison between all variables is shown in Figure (4).

AV



Figure 4: Comperison between total areas of land cover/land use variables
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The resultsdiscussed in the following are land coverclassifications:
1 — Sand dunes:

In 1972, the actual area covered by sand dunes was1408.68Km?,
representing 90.87% of the total area. This decreased to be
1150.45Km2 in 2010, losing 258.22 Km?, 16.66 % of total to other
land cover variables (Table 3 ; Figure 5).Thischange inthe figure of
sand dunes cover can affect the ecosystem negatively, unless if it
isfor the benefit of vegetation, because the sand dunes are an
incubator environment for flora and fauna.The sand movement
towards the West in most casessuggests that the prevailing wind

direction Northeast.
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Figure 5: The percentages of the sand dunes change area in Algadah
from 1972 to 2000
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2- Vegetation:

Area covered by natural vegetation in 1972 wasdetermined by
the low resolution of satellite images, thusspectrum analyze was
unable to extract accurate results. The researchers tried to get a
higher image resolution from other companies abroad but
unfortunately, all images were available withlow resolution and
less bands. However, the area covered by vegetation in 1985 was
83.587km?, represented 5.38% of total Algadah area. This area
reflects the low vegetation land cover.The vegetation land cover
increased slightly in 1990 by 10.30%.This change can be
relatedtosatellite’s better image resolution in 1990.In 2006, the
vegetation area was expected to decrease but what happened was
the opposite. This is because a private reservation area located in
the Southern of Algadah sand dunes at 2002 was established, which
contributed to the clear percentage increase of vegetation density in
study area between 2006 and 2010. Although, the vegetationarea in
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Algadahdecreased from 93.18km2to 71.58km?2 between 1990 and
2010,losing23.18% oftotal vegetation land cover,which isa
negative indicator to the ecosystem of Algadah Nature
Reserve.(Table 3, Figure 6).

Figure 6: The percentages of the vegetation change area in Algadah from

1972 to 2000

7 1
S a

6 ’\
©
]
5 . *'—""\__
£ e
Z 4
: /
]
o 3
] {
z /
L2
: /
a
o 1
N

0

1972 1985 1990 2000 2006 2010

Years

However, human activities, agricultural, grazing and tourism in
the Central and North Algadah area have made asignificant
negative impact on the vegetation land cover (Aldakhil & Almisnid
2014:146-150; El-Bana, & Aldakhil, 2015:46). These studies
confirmed the existence ofa wide negative impact that will lead to
desertification in this area. Other studies have demonstrated that
human recreational activities are a strong factor in changing
vegetation abundance, composition and diversity (Gallet et al.,
2004; Hill and Pickering, 2006; Hesp et al., 2010). In general, the
area has a sensitive ecosystemwith high temperatures, lack of
rainfall, and uncontrolled human activities. Therefore,Algadah
environment highly requires attention to save it from complete
degradation.
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3- Agriculture:

In 1972, the agricultural activities formed a small area of
Algadahwith only 10.18km?, about 0.66%.It appears mainly in the
Northeast of the study area close to Unaizah city and some farms in the
Northwest close to Albadaya city.It is clear that agriculture was a
marginal activity in this region.However, the situation has changed and
the agricultural land cover continued to grow.In 2010, the agricultural
area expanded 1525% compared to 1972, with 155.32km2, represented
10.02% of total Algadah area. In addition, agricultural activities spread
to new locationsinlarge areas, mainly along the Western and Northern
border of study area (Table 3, Figure 7).Cultivation expansion was not
in a limited area, itwasin the whole of Saudi Arabia. For example,
since 1985 Saudi Arabia began to expand the cultivation of wheat. The
amount of wheat crop exceeds the domestic consumption.In the
beginning, Saudi Arabia exportedlarge amounts of wheat reaching the
maximum quantity of about 2 million tons in 1988.Then, the amount of
exports rate dropped,it even completely stopped in 1996 (Arwais,
2009: 46-47; Alzahrani, 1430H:2).However, the maximum of wheat
production in Saudi Arabia reached approximately 4.12 million tons,in
1992 (Ministry of Economic and Planning,1995: 430).

Figure 7: The percentages of the agriculture change area in Algadah from 1972 to 2000
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4- Fallow land:

The sharp increase of fallow land area from 1972 to 1985as
aconsequence of agricultural development activ ities. The fallow
land growngradually from 0.16%, 3.25%, 2.97%, 3.11%, 3.19%,
and 3.09% of total Algadah area in 1972, 1985, 1990, 2000, 2006,
and 2010 respectively. The increase of fallow land ranged between
sharp and slow increasingdegrees, depending on the size of the
agricultural cycle usage and other reasons. Since the fallow land is
an extension of agricultural area ,thus,the combined fallow land
and agricultural areas’sum is 203.28km*forming13.31% of total
Algadah area in 2010. Therefore, agriculture is the most prominent
human activityand the secondis land cover in terms of area
occupied(Table 3; Figure 8).

Figure 8: The percentages of the fallow change area in Algadah from 1972 to 2000
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5 — Urban:

The urban area increased from 0.62 km2to 4.46 km2between
1972 and 2010. In 2010, itrepresented only 0.29% of total Algadah
area(Figure 9). Until before 1990, the urban centers were limited in
area and number, those are:Araisyah, Ad Dallah Almkailly villages
close to Unaizah city in the NortheastAlgadah andArawdah in the
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North Algadah.Also, in the Southwest of the study area four
villagesas Alkarma and Kuraiman. However, all these villages were
small and most of them within farms. From 1990, these centers
started to expand alongside new small centers that emerged in the
Southeast area such as Ashmrokyah, Seadan, and Meshrif, and
many camps in farms as accommodation for labors (Figure 10).
This can explain the growthof urban area percentage expanding
over the years by776% during 38 years, from 1972to 2010(Table
3).Also, this situation is in harmony with the development of
national economy in great leaps within the successive Five-Year
Plans, which started since (1970/1971) and their effect start to
appear since 1980s (Al-Rushaid, 2010:7).

Figure 9: The percentages of the Urban change area in Algadah from 1972 to 2000
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Figure 10: Distribution of Urban areas in Algadah Nature Reserve
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6- The road network:

Until 1990, the road networkinAlgadahwas limited and did not
exceed60 km in length, with only 0.269km? of total Algadah area.
Then, the road network expandedas a result of national
economydevelopment.Several road projects completed to serve the
agricultural activity and the new urban centers,the length of road
networkexceeded 300kmwhich formed3.27km?of total area (Table
3). In 2010, the road network became good network, roads
surrounded the area, and two roadsacross north Algadah to the
Southwest toward Albadaya and Alkharma. These two roads
contributedeffectively in picnic and tourism activity for the people
ofQassim in Algadah. Theseroads create access to new places for
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picnic and tourism, but on the other hand increased pressure on
Algadah environment.

7- Dolomite area:

Dolomite layerappears mainly in the East of study area and few
locations in the West area. In 1972, the dolomite area covered
2.65% of Algadah area and decreased slightly over the years to be
2.06% of total area, because it was not suitable for agriculture
activity. In addition, the scarcity of vegetation is the main
characteristic to this area. The change was mostly limited to urban
land or to sandareas(Table 3).

8- Flat area (Sand-2):

In 2010, the flat area covered by gravel or sand depositionsis
77.96km?, spread widely in the West land formulating 5.03% of
total Algadah area. In 1972, it was 81.77km2 anddecrease by
3.807km2. Mostof this areaturned into agricultural areas(Table 3).
4- Salty area:

In 1972, salty area covered 0.33% of the study area and this
percentage increases to be 0.47% in 2010, with 7.28km?(Table
3:Figure 11). This percentage is considered high, but might be
logicaldueto many factors such as dry weather with high
temperatures.Also, human factors are indicated in some researches.
Total salty area is equal to urban, road network area together which
showshow widespread salty area is confirming the degradation
process in Algadah environment.
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Figure 11: The percentages of the Salty change area in Algadah from 1972 to 2000
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\+- The study area has been officially a "protected area™
since 1980. Royal Decree (No. 4/ N: 15601 in 06/21/1400) has
been issued to stop any form of infringement (exploited or grants)
and grazing is the only activity allowed. The discussion above
showedanopposite result to the government's decision to prevent
the various activities in the protected area. We conclude that land
use in this region is without planning noris under control.

Conclusion:

This study has confirmed that the natural protected area
transformation has taken place since 1972, threatening its
ecosystem. The obvious infringement on a lot of land in the
Western, Northern and Southern sides converting them into private

properties exploited in particular agriculture.

In addition, the present study showed that the vegetal cover
continues to drop, indicating that the protection system is
ineffective. It shows that the areain the SouthernAlgadah owned by
an individual,with full fence surrounding the area providing
effective protection method. Then, the satellite imagery analysis
indicates that this region has regained its ecosystem almost entirely
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with the growth percentage of vegetation between 2000 and 2006.
This result can be due to the full protection of that area. However,
this case is subjected to the owner, whether there will
beexploitationof another human activity in the future.

This study has provided accurate digital data of the vegetal
cover and land use in the region with general trends of each
variable over 38 years. This digital information can be used in
planning, and managing the efforts to protect, rehabilitation, and
balance the ecosystem inthe area.

The road network developed greatly within the protected
boundaries, it is a factor that contributedto the access ofhuman
activities impact in depthat Algadah area. For example, expanding
the existing villages and creating new villages. This situation
requires immediate attention, especially from planners to stop or
control expansion of any villages or camping sites within the
protected area.

The study highlighted the ability of remote sensing and
geographical information systems to provide environment variables
data through time and space.This confirms that employing these
techniques in environmental degradation studies will promote
correct-decision makingin the process of evaluating, controlling
and protecting the environment. Particularly in those areas that do
not have anaccurate track recordsof the changes in landcover and
landuse such as Algadah reserved area.

Recommendation

The results of applying remotesensing and geographic
information systems in environmental studies recommends using
these technologies as a main method in any project aiming to
assess, manage and protect the environment.Utilized from the
digital data saved in geographic database that helps to analyze and
display the results on mapping documents.

This study can be applied to similar areas in Saudi Arabia to
determine the various variablesaffecting the protected and natural
reserve areas to conclude general results about Saudi Arabia. As
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this study illustrated the change in one protected area in Saudi
Arabia, it is possible that similar cases existing in other regions.

The protection policies applied in Algadah area needs to be
reconsidered. Because the results showed a continuing decrease in
natural vegetation and increasing encroachment of human activities
that lead to the degradations with the current policies. In addition,
this study is a scientific advisory and can be applied to similar
areas.
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Appendix 1:A —F

A: Clipped Image and Error Matrix of Image Analysis in 1972

Extract land cover data in 1972

ERRORMATRIX
Reference Data
Accl::zy % Row Total | Road ' Dolomite | Salty | Urban = Soil_2 | Sand_1 | Fallow-land | Agriculture C'a;:t':ed
95 137 0 | 0 0 0 | 0 5 2 Agriculture
83 1899 0 60 0 1 117 153 0 Fallow land
98 24909 3 40 0 0 351 1 0 Sand_1
26 5588 19 352 0 13 3687 89 0 Soil_2
5 2930 9 2676 0 68 1 9 0 Urban
96 820 0 35 0 0 0 0 0 Salty
97 6139 3 0 42 126 18 76 0 Dolomite
2 3982 1259 0 34 853 1764 9 0 Road
46404 | o7 | 10296 | 785 | 247 | 2043 | 30152 | 1754 130 caumn
| Overall Accuracy % = 74.83
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B: Clipped Image and Error Matrix of Image Analysis in 1985

Extract land cover data in 1985
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wove

wooN

oo

ERRORMATRIX
Reference Data
Acct’rs:gy % Row Total | Road Vegetation Dolomite | Salty Urban Soil_2 Sand_1 |Fallow_land Agriculture Cleg:tiged
93 925 0 0 62 0 0 0 4 0 859 Agriculture
40 10509 1 440 653 0 1 374 4871 4159 0 Fallow_land
99 131663 0 61 158 0 8 697 130607 128 4 Sand_1
64 26467 0 810 99 0 0 16973 8097 488 0 Soil_2
48 2373 1 0 919 100 | 1145 0 197 1 0 Urban
99.9 5725 0 0 1 5719 1 0 4 0 0 Salty
99 43010 0 75 42673 0 47 42 45 128 0 Dolomite
75 9455 3 7072 232 0 3 236 1064 845 0 Vegetation
2 1314 28 17 58 0 51 19 894 147 0 Road
231441 33 8575 44855 | 5819 | 1266 | 18341 | 145783 5906 863 C;’L“(’a’}“
Overall Accuracy % = 90.4
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C: Clipped Image and Error Matrix of Image Analysis in 1990
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Extract land cover data in 1990

ERROR MATRIX
Reference Data
Accll.ersaecry % Row Total Road | Vegetation Dolomite Salty Urban ‘ Soil_2 | Sand_1 | Fallow_land = Agriculture Cli.sas‘i:ed
O [ — AU, | — UG || — | — S — — S
95 1399 2 10 35 0 0 | o 12 7 1333 Agriculture
30 6942 0 167 2 0 1 \ 166 4490 2114 2 Fallow_land
99.7 152225 0 60 18 0 0 1 85 151879 183 0 Sand_1
63 9828 0 730 1445 0 1 6172 1232 248 0 Soil_2
51 2186 2 1 402 48 ‘ 1123 0 595 0 15 Urban
99 4194 0 0 19 4171 4 0 0 0 0 Salty
99 42723 1 8 42339 204 62 37 54 18 0 Dolomite
70 6446 1 4478 142 0 0 494 1245 76 10 Vegetation
10 se0 |67 | 78 259 31 33 3 74 6 28 Road
226512 63 5532 44661 4454 1224 6957 | 159581 2652 1388 C_?Lutg:n
Overall Accuracy % = 94.3
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D: Clipped Image and Error Matrix of Image Analysis in 2000
Extract land cover data in 2000

Reference Data

Accl:rsaegy % Row Total | Road | Vegetation | Dolomite Salty Urban | Soil_2 | Sand_1 | Fallow_land | Agriculture CI%sas(i;lth
74 15683 0 1529 1043 0 109 86 1142 108 Agriculture
12 104566 0 15391 224 0 39 1656 73985 783 Fallow_land
96 475183 0 8930 98 0 91 6902 4454 74 Sand_1
39 138747 0 23655 35158 0 220 24326 632 28 Soil_2
27 23609 7 1392 7306 582 471 6633 157 621 Urban
99.6 36024 0 1 36 83 0 0 0 0 Salty
94 199623 0 1851 32 607 8631 648 44 7 Dolomite
70 201096 0 3768 0 194 16937 34972 3632 1782 Vegetation
2 0478 | 216 | 7003 | 0 | 1731 | 195 6 | 5 3 | Road |
1204009 | 174 | 192776 242529 36518 9514 89606 | 596408 21520 14964 b%;’;:; n

Overall Accuracy % =

75

woow

200%

awazon

2w3w0%

AR



Al Agaleall Alagl

e

E: Clipped Image and Error Matrix of Image Analysis in 2006
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Extract land cover data in 2006
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ERROR MATRIX
Reference Data
ﬂAchrs:cry % Row Total | Road Vegetation | Dolomite Salty Urban Soil_2 Sand_1 Fallow_land | Agriculture CIaDssilieL
84 433528 55 2151 65339 0 18 991 2041 122 362811 Agriculture
" 683193 0 12136 551529 3213 9 25826 214 77235 13031 Fallow_land
99.8 16219022 0 7418 1 0 0 0 1.62116 0 0 Sand_1
35 1231216 0 79019 677363 4 0 | 431627 8834 34367 2 Soil_2
3 153755 50 39 128858 10874 4438 741 3934 1534 3287 Urban
99.6 875412 45 8 2502 ‘ 872028 448 234 20 127 0 Salty
98 5398357 0 22285 5.28933 l 35229 22 16028 17604 9021 8836 Dolomite
50 902015 | o [T4G7201 || 20067 0 0 | 20418 | 431848 1884 2597 | Vegetation
3 61051 1961 47 20390 34033 746 710 0 386 2778 Road
26047549 | 2111 620304 6764381 955381 5681 505575 | 16676098 124676 393342 C.?L\;;r;n
Overall Accuracy % = 91
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F: Clipped Image and Error Matrix of Image Analysis in 2010

v

wore
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Extract land cover data in 2010

ERROR MATRIX
Reference Data
User " + P . Classified
ABCLLAM 9% Row Total | Road | Vegetation | Dolomite Salty Urban  Soil_2 | Sand_1 |Fallow_land | Agriculture Data
87 260302 2 181 27449 0 0 5414 1480 188 5 ] Agriculture
73 119942 3 188 12366 100 0 18839 8709 0 Fallow_land
99.9 7743052 0 2530 192 0 0 C 0 58 Sand_1
48 861709 1 5938 432114 0 0 888 6847 1154 Soil_2
0.3 161506 22 59 72967 36141 1092 6 Urban
99.7 729049 0 0 1481 43 0 0 0 Salty
98 4756897 10 4575 461 9 52814 8019 7827 16538 Dolomite
44 448644 713 | 105907 0 0 29122 | 103943 6042 4917 Vegetation
0.5 142763 11 121492 5466 51 7797 98 1292 5890 Road
15223864 | 704 ‘ 212195 | 5441073 | 778504 577 534085 | 7892192 110383 254151 C.?i:;"
Overall Accuracy % = 923
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Evaluation of flash floodspotential as a water resource in
arid lands - Hail, Saudi Arabia
Mohamed E. Hereher

Sultan Qaboos University, Geography Department, Muscat, Oman
Email: mhereher@gmail.com

Abstract. Flashfloods are frequent events in Hail region of
Saudi Arabia. Although the region has an arid climate, however,
periodic torrential thunderstorms occur in fall and spring. Floods
become devastating as roads and infrastructures are usually
exposed to damages. Aja Mountain is the most prominent geologic
feature overlooking Hail city. There are more than 10 dry
ephemeral streams radiating outwards of this mountain with two of
them flowing toward Hail city. Dams were constructed to control
flooding, to store water and to protect downstream
infrastructure.Nevertheless, storedwater isleft without proper use
until evaporation and percolation into underground. The present
study aimed to investigate the feasibility of water harvesting
andevaluate the capacityandthequality of harvested water at Iqda
Valley in Aja Mountain. Remotely sensed datawere applied to
extract decadal frequency of rainstorms and to delineate the volume
of stored water. Results showed that flash flood harvesting in Hail
region is feasible and deserves attention and consideration.Water
quantity and quality are of high potential for domestic and
agricultural use. Suggestions for better utilization of harvested
water were provided.

Keywords: Hail; flash floods; remote sensing; GDEM.
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Introduction

Rainwater harvesting refers to the collection of water from
locations on which precipitation occurs, and subsequently storing
this water for subsequent use (Chanan et al., 2010). The concept of
water harvesting particularly in arid environments is an old human
practice and in many ancient civilizations people built dams to tap
water along streams due to the lake of freshwater supplies
(Abdelkhaleg and Ahmed, 2007).The conceptof rainwater
harvesting may date back in China to 6,000 years (Sen et al., 2013).
Water harvesting is, thus, one alternative source for freshwater in
areas frequently subjected to flooding. Flash floods are
intenserainfall occurring for short duration overa relatively small
area.The intrinsic geology, topography and climate of the
catchment areasare the most controlling factors for the occurrence
of flash floods, especially in arid regions. Massive rocks, such as
igneous granites, are generally impermeable that lead to swift
runoff of water faster than other sedimentary rocks, such as
sandstones of higher permeability. In addition, rugged topography
accelerates downstream movement of water more than low-relief
terrains. Moreover, arid lands are characterized by scant rainfall,
however, precipitation occurs suddenly and sometimes in violent
storms without prior alarming. In such arid lands, the absence of
natural vegetation cover could accelerate soil erosion during heavy
rainfalls (Alemu 2015).

Saudi Arabia depends on seawater desalination plants and
groundwater reserves. A country of scarce water resources, it is the
world's largest producerof desalinized water, whereabout 25% of
world freshwater production relies on the seawater(Reichard,
2011). Alsharhan(2003) reported that groundwater reserves are
about 2260 billion m®, while desalination of seawater sustains and
provides 50% of the domestic demand.Flash floods are likely to be
a series problem in Saudi Arabiathat causes losses of lives,
properties and damaging to infrastructure. Flash floods represent
the top ten disasters that occurred between 1900 and 2014 in Saudi
Arabia (ED-DAT 2014).In Hail region, flash floods represent one
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of the main geo-environmental problems (Hereher, 2016). Yet,
these floods are the main sources to replenish groundwater
aquifers. To control floods in KSA, the government constructed
more than 200 dams in order to trap runoff, to feed the
undergroundwater system and to protect settlements from flash
floods (Vincent, 2008). The majority of these dams occur at the
central and southern regions. Unfortunately, in many locations,
water storedbehind these dams are being left for evaporation or
percolation through rock fractures without proper consumption or
beneficial use. Water harvesting is thus a reasonable source of
water for domestic, agriculture or municipal use in a country with
afast growing economy and an increasing living standards and
consequently per/capita water consumption.When climatic data,
such as precipitation and evaporation rates are unavailable,
assessment of flood intensity and water budgetbecomea difficult
task. However, remote sensing and GIS are likely preferred to offer
sufficient tools if satellite data and digital elevation models (DEM)
areaccessible. These tools are now indispensable for delineating
drainage intensity and terrain sloping. Some previous studies have
applied these tools for mapping flash floods in KSA (Al-Ghamdi et
al., 2012; Al-Momani and Shawagfah,2013; Bajabaa et al., 2014;
Youssef et al., 2015; Hereher, 2016).

Water has a unique interaction with electromagnetic radiation,
where absorption increases with the longer wavelengths of the
incoming radiation; hence, applying mathematical indices to
multispectral images could effectively distinguish water bodies
from non-water features on the land (Hereher, 2015a). The
normalized difference vegetation index (NDVI) is one of the most
mathematical indices used to map flooding water along river
systems (Sakamoto et al., 2007). The NDVI is calculated from the
reflectance values of two bands in satellite images; the red (R) and
the near infrared (NIR) as follows: NDVI = [(NIR-R)/(NIR+R)]
(Tucker, 1979).Theoretically, the NDVI values range from +1.0 to
-1.0; with high positive values for green vegetation. This index is
highly applied to study vegetation conditions (Holben, 1986).Soil
and urban land have low positive NDVI values and water always
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has negative NDVI values. Hence, it is easy to distinguish water in
NDVI images (Tam et al., 2010).The capacity of an area to store
water could be estimated from digital elevation models. Hereher
(2015b) operated DEM (90 m spatial resolution) data acquired
from the Shuttle Radar Topography Mission (SRTM) to determine
the volume of El-Rayan Valley in Egypt. Hereher (2015c) utilized
ASTER Global DEM data (30 m) to determine the storage capacity
of the Qattara Depression in Egypt. The accuracy of storage
assessment considerably depends on the spatial resolution of the
DEM used. In rugged topography, the registration of DEM to other
optical images, such as Landsat and SPOT data is crucial to
accurately estimate the storage capacity (Hereher, 2015b). In the
absence of detailed climatic data in the study area, the objectives of
the present study are: 1- to investigate the feasibility of water
harvesting in Hail region by extracting the frequency and duration
of rain storms that occurred between 2000 and 2015 using
mathematical indices calculated from satellite data; 2- to assess the
storage capacity (quantity of water) in the reservoir behind Wismy
Dam in Aja Mountain using fine resolution digital elevation models
and optical remote sensing; and 3- to evaluate the quality and
suitability of the harvested water for the benefits of the local
community.

Materials and Methods

The study area

Hailis located at a high plateau that rises to about 1000 m above
sea level (asl)and tilting in a northeast direction atthe northern part
of Saudi Arabia. This plateau is overlain by extensive igneous and
metamorphic rock complexes forming the eastern fringes of the
Precambrianbasement of the Arabian Shield (Hereher et al., 2012).
Aja Mountain (Fig. 1) is one of the most prominent rock units of
the Arabian Shield occurring in Hail. This mountainous range
extends in a southwest-northeast direction for about 70 km and
about 35 km-wide and overlooking Hail city (about 0.5 million
people) from the west.Aja series extends northward of Hail until it
fades into the NafudSand Sea and eastward until it contacts with
the sedimentary rock successions of the Arabian Platform east of
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Hail city. Aja is composed mainly of red Proterozoic alkali granitic
massif(Ekren et al., 1986) that extends for an altitude up to 1500 m
(asl). Drainage in Aja series is radiating toward north, west and
east. The north and west wadis(valleys) end at the Nafud Sand Sea
and they recharge local groundwater aquifers with substantial
amount of water. The eastward wadis draining Aja series are the
most hazardous ones, because the runoff flows directly toward Hail
city causing damages to roads and properties. Drainage tributaries
are combined in one main stream passing through Hail city known
as Wadi Al-Adiraa that extends in a northeast direction and
recharge the northern part of Hail during flooding.There are about
14 dams in Hail regions to control water flooding after rain storms
(Vincent, 2008). One of these is the Wismy Dam, which was
constructed in 1984 along IqdaValley. The concrete dam is about
300 m long, 10 m width and rises to about 16 m above the valley
floor. If water height exceeds 13 m, then water should bypass to the
downstream valley in order to protect the dam body.The
downstream area of the dam is a destination for recreation and
camping.

The climate of Hail as provided by the Presidency of
Meteorology and Environmental Protection for the period 1978 to
2010 (Table 1) reveals an arid climate with hot summer
temperatures (32°C) and mild winter temperatures (10°C) with
annual rainfall of about 110 mm. There are two peaks of rainfall
occurring at Hail; one during spring and the other during fall. These
two peaks coincide with the frequency of thunderstorm events
which occur at 7.2 days in April and 4.3 days in November.
Relative humidity ranges from very low (17%) in June to 54% in
January. Evaporation rates approach 3000 mm/year (Sharaf and
Hussein 1996). Considering the amount of annual precipitation
(110 mm) and the annual evaporation (3000 mm), it is clear that the
region is experiencing arid climate.
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Figure (1) A false color composite (RGB123) of SPOT image showing
Aja Mountain and the location of Wismy Dam.

4l°21l)'0"l'2 41°30'0"E 41°40'0"E

Wismy Dany

Aja Mountain 574

Table (1): Climatic elements of Hail meteorological station for the period 1978-
2010. Source: The Presidency of Meteorology and Environmental Protection.

Rainfall, | Temperature, Relative Thunder

mm °C Humidity, % | storms, d
January 14.5 10.4 54 1.6
February 10.5 12.8 45 1.4
March 18.9 16.7 39 3.0
April 18.2 22.3 33 7.2
May 10.0 27.5 25 4.1
June 00.1 31.2 17 0.2
July 00.1 32.4 17 0.1
August 00.1 32.6 17 0.3
September 00.1 30.1 19 0.2
October 08.2 24.4 28 4.1
November 21.5 17.1 47 4.3
December 07.8 12.0 53 1.4
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Satellite data and image processing

The long term monitoring of rainstormfrequency occurred on the
study area was determined by mapping the incidence of ephemeral
water bonds in low-laying areas after rain storms. A time series
NDVI images were acquired from the Moderate Resolution
Imaging Spectroradiometer (MODIS)Terra sensor since its first
available image in Feb. 2000.A total of 188 MODIS NDVI images
(MOD13Q1) were downloaded (on a monthly basis) fromthe
NASA Land Processes Distributed Active Archive Center gateway
(https://lpdaac.usgs.gov/) for the periodFeb. 2000 to Sep. 2015.
MODIS NDVI data are provided in 250 m spatial resolution in the
Sinusoidal projection. The NDVI data were stacked together in
ERDAS Imagine to compile one image file containing 188 layers,
so that each pixel has a series of 188 readings covering the study
period. A subset area was selected for time series monitoring of
water bonding between 2000 and 2015. Two other satellite images;
one from the SPOT-5 satellite and the other is a digital elevation
model from the ASTER Global DEM (GDEM) database were
acquired to determine the capacity of the reservoir of Wismy Dam.
The SPOT image consists of four bands in the blue, green, red and
near infrared spectrum within 2.5 m spatial resolution and it was
acquired in May 4™ 2011. This image was utilized to delineate the
boundary of Wismy Valley in Aja Mountain. This image was
utilized for the assessment of the storage capacity and the temporal
change in water volumebehind Wismy Dam. As theGDEM image
has the same projection of the SPOT image (Universal Transverse
Mercator, UTM-WGS84), the two images weresuperimposed to
extract the boundaries of the Wismy reservoir in the SPOT image
and the corresponding pixels in the DEM image that show the
elevations. Google Earth images with very high spatial resolution
have been utilized in different dates (2013, 2014 and 2015) to mark
out the maximum horizontal extent of water when the basin is full.
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Assessment of the water volume

The SPOT image was displayed and visually interpreted using
ERDAS Imagine Software, while GIS model was elaborated using
ArcGlISpackages. The image was displayed with attempting
different band combinations to get the most obvious appearance of
the study area. Drainage patterns of Aja Mountain were extracted
from the GDEM in ArcMap using the Hydrology function in order
to delineate the main watersheds in the region. The GDEM was
classified in ArcMap to delineate the variations of the land
topography in the area.After recognizing the limits of water surface
within the basin in Google Earth image, the SPOT image was used
to create an Area of Interest (AQOI) featurecovering the extent of
water in the basin. The AOI was overlain above the GDEM in
ERDAS Imagine to extract the same areain this topographic image,
which wasthen displayed in ArcMap to highlight the elevation of
each pixel in the AOI. The total volume of water (basin capacity)
was determined using theGDEM as following: The elevation of the
maximum water level, which is the farthest upstream point and the
elevation of the minimum water level, which represents the deepest
point in the basin were determined in theGDEM; the maximum
water height was determined by subtracting the minimum water
level from the maximum level; the water height at each pixel was
determined by subtracting the elevation of this pixel from the
maximum level; the volume of water at each pixel was determined
by multiplying the height of water at this pixel by the area of the
pixel (30x30m); and finally the total volume of water was
determined by summing up the individual volumes of water at all
pixels together in the AOI. The variation of water volumes in the
basin was determined using the GDEM and a planned schedule of
field measurements of water surface since one big thunder storm
stroke Hail in 12 November 2013 and extended for 3 days. The first
visit was on 17" November 2013 and the second was in 26"
November 2013 and the visits continued each 10 days until the
basin was about to be completely dry. The drawdown of water level
in each visit was determined from the traces that the turbid water
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painted upon the dam body and on the surrounding rocks. The
volume of water in each date was determined in the same manner
as described earlier but after delineating the maximum water level
in each visit.

Assessment of the water quality

Water quality measurements were carried out either in the field
or in the laboratory. The objective of water quality assessment was
to highlight the suitability of water for drinking, domestic and
agricultural uses. Water samples were collected while the basin was
full and three weeks later. Polyethylene bottles were used to collect
and preserve collected water samples. Physical, chemical and
biological testing was carried out according to the Standard
Methods for the Examination of Water and Wastewater (APHA,
2005). Field measurements included pH andsalinity. Lab testing
included heavy metal(Al; Fe; Pb; Cu and Zn) determination using
Atomic Absorption spectrometry. Biologicalexamination was
conducted using binuclear microscope to discover indicator
microorganisms for freshwater.

Results and Discussion

Hail has an arid climate (Table 1), however, the region is
exposed to frequent thunderstorms accompanied by devastating
flash floods mostly during spring and fall seasons. The NDVI time
series trend for a selected bare soil area north of Hail city, where
water bonding periodically occurs,indicates that the average NDVI
value is about 0.05 (Fig. 2), however multiple negative values are
encountered; reflecting the times of water bonding after flash
floods. During the last 15 years the region experienced about 7 big
rain storms (negative NDVI values). These rainy events occurred in
Nov. 2000; April 2002; April 2005; May 2006; Feb. 2008; Jan.
2010 and Nov. 2013. Figure (2) not only delineates the time of
occurrence of rainy storms, but it also highlights the severity and
duration of these events. Minimum rain storm is manifested by the
least negative NDVI value, which is recorded in Nov. 2000,
whereas the most negative NDVI value determines the severe rain
storm, which is recorded in Nov. 2013. In addition, the longest
rainstorm which is accompanied by the largest amount of water
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resided on land is reported for Jan. 2010. The frequency of rainy
storms in the region reveals that water quantity is huge and
necessitating harvesting.In addition, during these storms inundation
of roads and low-land areas is common. Damages to infrastructure
and cultivated lands are also frequent.

ov. 2000 April 2002 April 2005 May 2006 Feb. 2008 Jan. 2010

Figure (2): The time series NDVI curve for Hail region between Feb.
2000 and Sept. 2015. Note that there are seven dips in the curve showing
the seasons of rainy storms.

Figure (3) highlights the main valleys of Aja Mountain. There
are more than 10 valleys radiation north, west and east of Aja
Mountain. Although Igda Valley is not the biggest, however its
importance is due to its proximity to Hail city. The extent of water
in lgda Valley is precisely shown in Google Earth fine resolution
images (Fig. 4). When the basin is full, water extends from the
Wismy Dam to a distance of 520 m in the upstream land in the
west. The maximum width of water behind the dam is 300 m.
GDEM shows that the farthest point of water when the basin is
completely field with rainwater occurs at 1115 m above sea level
and the lowest point of the stream behind the dam is at 1102 m
above sea level (Fig. 5). Maximum water level after a rain storm is
13 m.More than 53% of the basin has a water depth of at least 10
m. The surface area of water as calculated from the SPOT image
approaches 23,400 m? The total volume of water, which is
estimated from summing up the columns of water above each pixel
in the basin, approaches 198,900 m® of water.
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Figure (3): The main valleys in Aja Mountain as extracted from the
DEM if the region using Hydrology function in ArcMap.

The change of water volume in the Wismy reservoir after a big
storm occurred in 12 November 2013 is shown in Figure (6). The
reservoir attained its maximum capacity just after the thunderstorm
then water has been left for percolation and evaporation until
dryness. It was difficult to discriminate the major reasons of water
loss due to the lack of information on detailed seasonal evaporation
rates. However, the total water loss each 10 days was determined
from the drop in water level in the reservoir. The first water height
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measurement was carried out in 17 November 2013.The difference
between the water levels since the storm occurred was delineated
from the paints of suspended clays above the dam body. This
difference was 2 m during the first field measurement in 17
November 2013. The volume of water at this level is 154,800 m®,
After another 10 days (26 November 2013), the water dropped by
about another 3 m and the total water volume is estimated at 90,900
m®. The reservoir was drying gradually until its lowest water
volume in 20 January 2014, during which the total amount of water
was estimated at 600 m®. After eight days from the last field
measurement, another thunderstorm occurred on 28 January 2014
that partially filled the reservoir once again. This rainstorm is
recorded in the NDVI time series curve (Fig. 2). Field measurement
on 30 January 2014 revealed that the reservoir was not full and
retained 154,800 m® of water during that time.

Wismy Dam
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Figure (4): The lift column shows the valley behind Wismy Dam when
the basin is full (top); semi-full and empty (bottom). The right column
represents Google Earth images for the basin showing the status of the
valley during the mentioned three phases.
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Figure (5): The top is the SPOT (2.5 m) image showing the Wismy
basin and the bottom is the GDEM image (30 m) showing the elevation
differences of the pixels in the basin site.
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Figure (6): The change in the volume of water storage behind the
Wismy Dam between 20 November 2013 and 30 January 2014.

The type of rock, where water settles definitely determines its
characteristics and quality. For example, ferruginous sandstones
enrich water with iron, while limestone aquifers increase calcium
ion concentrations in water and hence its hardness. In the study
areamassive granitic rocks, rich in silicon and feldspars occur(Fig.
7).The most prominent feature is the presence of high turbidity of
water due to the washout of weathered rocks.Water is uploaded
with clays and other detrital sediments that settle after two weeks
from the rainstorm. Water pH is in the neutral range (7.4 — 7.7).
Water salinity of the collected samples ranges from 116 to 151
ppm, with an average of 134 ppm. Heavy metal concentrations in
the collected samples (Table 2) are within the permissible limits for
drinking water (EPA, 2012) for most of the analyzed parameters
except for Lead and Aluminum. Due to these higher concentrations
of lead and aluminum, water is not recommended for drinking.
However, it could be wused for domestic and municipal
purposes.Microscopic examination of water revealed the presence
of green algalfilaments (euglena) that survivesolely in freshwater

(Fig. 8).

'Y



Al Agalyeall Alagll oSy
N/

Asgad! g padl A loll — Pilo — als ]

Fiure: side view of the rocks behind Wismy Dam with granitic
massive of the Aja Mountain. Note the occurrence of high turbidity in
water.

Figure (7): Magnified microscopic picture of the euglena filaments in
the water.
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Table (2): Heavy metal concentrations of the water behindWismy
Dam when the basin is full (sample 1) and three weeks later (sample 2)

and the USA - EPA standards for drinking water.

@Pﬂ
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Sample Al (mg/l) | Fe(mg/l) | Pb (mg/l) | Cu(mg/l) | Zn (mg/l)
1 0.972 0.503 0.050 0.036 0.009
2 0.995 0.390 0.032 0.037 0.002
EPA
standard 0.2 0.3 0.01 1.0 5.0

As the frequency of rainstorms is at least one time each two
years, this means that flash floods could be of potential source of
freshwater. The amount of water stored after one storm, which
equals about 200,000 m3could be used to irrigate some desert crops
of low water requirements, such as date palm, olives, and
vegetables. In a similar arid desert region west of the Nile Delta,
Ali and Shalaby (2012) reported that the crop water requirements
for date palm, olives, tomatoes and potato are: 1609, 1172, 856,
and 500 m*/acre per season. Consequently, the amount of water
harvested at Wismy reservoir after just one thunderstorm could
irrigate 125, 170, 234 and 400 acres of date palm, olives, tomatoes
and potato, respectively. According to the Food and Agriculture
Organization (FAO, 2010), the per capita water requirement in
Saudi Arabia is 960 m®, which means that one rain storm at Wismy
Valley could secure domestic water needs for a small village
consisting of 208 persons for one year. The capacity of the dam
could be, however, increased if the accumulated sediments are
being removed periodically and if the floors are lined with cement
to prevent seepage.

Fresh water resources of Hail are dependent mainly on
groundwater aquifers of the Saq Sandstone formation. Water
soluble salts of this aquifer ranges from 300-800 part per million
(ppm) (Sharaf and Hussein, 1996).Water is transported from the
production wells about 25-km northeast of Hail city by tankers,
which cost about $50 each. Some private desalination plants reduce
water salinity to about 140 ppm. The harvested water behind
Wismy Dam, which has an average water salinity of 134 ppm could
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afford a good and cheap source fordomestic water, if proper

management is adopted. A suitable water treatment plant could be

implemented near the dam wusing suitable filtration units
withappropriate disinfection techniques. Water could be delivered
by gravity to the downtown consumers and nearby communities.

The reservoir capacity behind the dam could be increased if the

dam itself is modified in terms of its height and strength.Wismy is

just one dam in lIgda Valley; there are many others under
construction. The total amount of water could be increased if water
harvesting incorporates other dams in this valley and other dams in

Aja Mountain.

Conclusions and Recommendations

- Innovative solutions to store rainwater in valleys is a must, where
rainwater harvesting could afford a suitable, good and cheap
water resource that could be utilized for domestic and irrigation
purposes.

- Wismy Dam could save as much water as 200,000 m* per storm;
the amount that could be utilized to sustain water needs for a
small village.

- Harvesting of water could include other valleys draining Aja
Mountain, particularly those overlooking Hail city to increase
the stored water for municipal uses.

- Additional water quality assessment should be carried out in
order to delineate elements of potential harm, such as fluoride
and silicates in the stored water.

- Pilot water treatment plants should be constructed in the Wismy
Dam region for improvement of the water quality.

- The basin may be lined with concrete slabs to prevent losing of
water into ground.
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The Development of an Optimized Soil-Adjusted
Built-up Index (OSABI) to Monitor the Impact of
Urban Growth on Vegetation from Remote-Sensing
Data in Semi-Arid Areas (Case Study of Taif City,
Kingdom of Saudi Arabia)

Basma S. Alharbi

University of Umm Al-Qura, Department of geography, Makkah, KSA.
E-Mail: basmal22008@gmail.com

Abstract

Remote-sensing technology contributes to the monitoring and
evaluation of manynatural and man-madeenvironmental problems.
Therefore, this study seeks to take advantage of this technology
forthe development of a spectral index to distinguish between
urban areas and vegetation with the help ofremotesensing data. The
index was used to identify and map the urban sprawl in Taif City.
For this purpose,Landsat images acquired in 1984 and 2000 along
with SPOT 5 images acquired in the years 2005 and 2015 were
processed.The Optimized Soil-Adjusted Vegetation Index
(OSAVI), the Normalized Difference Built-up Index (NDBI), and
the Optimized Soil-Adjusted Built-up Index (OSABI) were
obtained using these images. The results revealed the effectiveness
of OSABI in distinguishing urban areas and vegetation from other
ground targets with high efficiency. The study indicated that the
percentage of residential buildings did not exceed 4.85% in 1984,
while it increasedto 39.8% in 2000.It also revealed that the largest
percentage of vegetation coverage was observed in 2015, while the
lowest percentage was noted in 1984. The highest percentage of the
alterationin vegetationcoverage was recorded in the years1984 and
2000. The study implied that the greatest plant density was
recorded in 2015, while a complete disappearance of vegetationwas
notedin1984. The study concluded that urban growth is not
responsible fornegative changes invegetation cover.

Keywords: urban growth, vegetation, SAVI, NDVI, OSABI,
remote sensing.
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1. Introduction

Urban areas are growing at anextremelyrapid rate in thepresent
time due to population growth, economic development, and social
migration from villages to cities. A study noted that more than 51%
of the world’s population resided in cities in 1995, and it is
estimated that by the year 2025, more than 65% of the world’s
population will residein cities (Zaeri&Soffianian, 2012). It has
become necessary today to evaluate cities” growth in order to
accomplish proper planning, especially in developing countries,
where rapid population growth in many cities has led to unplanned,
haphazard growth. Planning is alsonecessary because many
governments are unable to provide basic infrastructure and services
(Jitendrudu, 2006).

There is anincreasing interest these daysin employing GIS and
remotesensing techniques to achieveland-use mapping and monitor
urban sprawl (Qiu, Woller, & Briggs, 2003). GIS and
remotesensing technologies provide a variety of analytical
functions and operations. These technologieshandle various spatial
data and enable the understanding and analysisof urban growth of
cities and their correspondingspatial characteristics
(Rahman,Aggarwal, Netzband, &Fazal, 2011). Among the most
efficient remote sensing analytical techniques are urban index (Ul),
urban heat island (UHI), normalized difference built-up index
(NDBI), normalized difference bareness index (NDBal), index-
based built-up index (IBI), enhanced built-up and bareness index
(EBBI), modified normalized difference water index (MNDWI),
and optimized soil-adjusted vegetation index (OSAVI)(Yuan
&Bauer, 2007). These spectral indices function efficiently in the
differentiationof urban areas from other ground targets (As-
syakur,Adnyana, Arthana, &Nuarsal, 2012).

Rapid population growth leads to urban and industrial expansion
that alters the land use pattern of at the local, regional, and global
level. Urban and industrial expansion also causes some
environmental problems, such as the degradation of natural
vegetation, the loss of agricultural areas, water shortage, soil
erosion, and pollution (Tiwari, Saxena, &Katare, 2012; Verzosa&
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Gonzalez, 2010; Zaeri&Soffianian, 2012). These environmental
problems may affect the natural environment of the region
negatively, especially the non-renewableresources.

Many cities of Saudi Arabiawitnessedenormous growth in the
size of the urban population due to economic and social
developments in recent years. This has effected the establishment
of residential schemes in the suburbs and outskirts of cities that
encroach on agricultural areas, pastoral lands,and natural
vegetation cover. Urban expansion has causedthe destructionor
disruption of ecological balance in these areas. Taif is one of such
city of Saudi Arabia that has witnessed urban growth leading
toeconomic, social, and environmental changes.

This researchaimsto utilise remote sensing technigues to monitor
the impact of urban growth on the vegetation in Taifcity.The
principal objective of the research is to develop a spectral index
that enables the separation of urban and agricultural areas from the
background and assess the urban sprawl against the vegetation
cover.

2. Research Objectives
The aims of the research will be accomplished through

thefulfilment of the following research objectives:

A. Develop a spectral index that candistinguishthe urban areas and
vegetation cover from other ground targets with high efficiency
with the help ofremote-sensing data in Taif City.

B. Use a developer spectral index todetermine the urban sprawl and
trends in Taif City.

C. Detect the change in the coverage and density of vegetation in
Taif City.

D. Identify the effect of urban growth on the vegetation in Taif
City.

3. Literature Review

There are various studies concerningthe impact of urban growth
on natural resources. Thesestudies employed GIS and remote-
sensing techniques. Mishra et al. (2006) analysed the change in
land use andvegetation and produced a map for the urban growth
recorded in Bhubaneswar, Orissa (1930-2005)withremote-sensing
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and GIS. Qian, Zhou, andHou (2007) compared pixel-based and the
object-oriented classification methods to extract built-up areas in
arid zones by using Landsatremote-sensing imagery. Xu (2007)
attempted to extract urban built-up land features from Landsat TM
and ETM imagery with NDBI, MNDW!I, and OSAVI indicesto
determine urban land-use classes, built-up land, open-water bodies,
and vegetation.Ji (2008) utilised remote-sensing techniques forthe
identification of urban sprawl, its impact, and changes in the
appearance of the landscape of Kansas City. The study revealed
that over the past three decades, there has beena significant
increase inbuilt-up land atthe expense of non-forest vegetation
cover. Feng (2009) concentratedon the application of remote
sensing, geographic information systems on monitoring, and
measuring urban sprawl in China by using the Landsat TM
classified images to monitor the dynamic changes of urban sprawil.
SoffianianNadoushan, Yaghmaei, &Falahatkar (2010) employed
remote sensing imagery to identify urban expansion in the city of
Isfahan between1956-2006. The study concluded that residential
areas have expanded by nearlyninetimes.

Widyasamratri, (2010) attempted to employ the Ul and NDVI
on ASTER satellite data in 2009in his study. The study revealed
that thebuilt-up area density is high (48.66%). Basawaraja, Chari,
Mise, &Chetti (2011) concentrated on analysing the impact of
urban sprawl in altering the land-use, land-cover pattern of
Raichurthrough geospatial technologies (GIS and remote sensing).
As-syakur et al. (2012) developed an Enhanced Built-Up and
Bareness Index (EBBI) tomap a built-up and bare land in an urban
area. The study also compared EBBI with the following indices:
NDVI, Ul, DUBal, IBI, and NDBI.

However, there are a few studies that have demonstrated that
developed spectral indices or even modified spectral indices can
determine urban areas and separate them from other terrestrial
landscape. Therefore, this researchaims to develop a spectral index
that monitors the impact of urban growth on vegetation in semi-arid
areas.
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4. Study Area

Taifcity is located in the western part of the Kingdom of Saudi
Arabia (KSA) (Figure. 1). It extends over latitudes 21° 12" 35" to
21° 23' 04" N, and longitudes 40° 02' 11" to 40° 29' 48" E. On the
eastern slopes of Al-Sarwatmountains with anapproximate altitude
of 1700 m above sea level.The elevation increases towards the west
and south, up to 2500 m above sea level. Taif is connected to
Makkahthrough two roads: the first runs through Kara
mountains;the second route runs acrossAl Sail Al Kabeer(Airspace
Management, 1990).

Taif city is the intersection of the main roadsfrom Mecca
province in the north, Albahah as well as Asir provinces in the
south,and the central region of Riyadh in the east.

The study area is extremely deficient in plant species.Only 47 plant
species grow in Taif. They form 2.2% of the plant species in the KSA
(Alnafie, 2005). Due to the geological structure, climatic conditions, soil,
and topography of the city,the plant species in Taif region resemble plant
speciesfound in the highlands of north-eastern Africa, such asAcacia
origena, Juniperusprocera, Juniperusphoenicea,Olea europaea, Acacia
etbaica, Rhusretinorrhoea, Periplocaaphylla, Euryopsarabicus,
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Figure 1.Location of the city of Taif.

Opuntiaficus-indica, Ephedra alata, Lavandula dentate,
Asphodelustenuifolius, Malvaparviflora, Argemone Mexicana,
Plantagoboissieri, Pulicaria  incise, Hypoestesforsskalii,
Cayluseahexagyna, Acacia gerrardii,andOpuntiaficus-
indica(Alnafie, 2005).

Taifcity hada population of about 6, 51, 697 in 2004, and 7, 28,
121 in 2010that constituted about73.76% of the total population of
the governorate in 2004 and about 73.70% in 2010 (General
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Authority for Statistics, 2010).

The total area ofTaif is 9032.6 hectares. The residential area
represented 40.9% of the total area of the city, while governmental
properties and administrative services account for 12.5%. Area
used for commercial purposes comprises about 3%, that used for
recreational purposesand parks about 20.7%, for agricultural
purposesabout 14.6%, and religious useabout 0.27% of the total
urban cluster of the city (Development Commission of Makkah,
2006).

5. Methodology

The research methodology comprised ofthe following steps:

5.1.Data

5.1.1. Remote-sensing data

The study relied on 1984 on Landsat TM satellite data from the
multispectralband with 30 m resolution. Since 2000, it has been
dependenton Landsat/ETM + satellite data, multispectral, with 30
m resolution, downloadedfrom the US Geological Survey site
(http://glovis.usgs.gov/). The study also relied on SPOT-5/HRV
satellite data in the multispectral (XS) band, with 10 m resolution,
for the time period extending from 2005 to 2015 (Table 1),
obtained from the Department of Remote Sensing in King
Abdulaziz City for Science and Technology, Saudi Arabia. The
research was based on different satellite data due to the lack of
SPOT data for the region in question prior t02004.

Table 1. Satellite imagery used in the study.

Region /SS:r:ggite Path/row Date

Maidah- s 160/45 9/1984

Maidah- nsat: 160/45 9/2000
Taif SHPROJ o 307/136 9/2005
Taif ?—|PRO\I o 307/136 9/2015
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5.1.2.Field work

Field verification was conducted in October 2015 to validate the
classification of vegetation and urban areas, and to determine some
areas where a mixture of plant and soil is presented, or a mixture of
bare land and residential buildings, or a mixture of mountains and
old residential buildings,wherein 100 points were identified on the
map and their position was determined using GPS. In the field, the
validity of each point was checked for classification accuracy.

5.2.Data Processing

The whole study was conducted as scheduled in the flow chart
(Figure 2). It consisted of analysis and processing of research data
withERDAS 2011 and ArcGIS 10 software, conducted according to

the set of steps (Figure 2) as follows:

[ SPOT-5 Imagery ‘
I

‘ Landsat Imagery

'

Subset

A

Atmospheric
correction

A

Calculate the spectral indices:
OSAVI, NDBI, OSABI

|

}

’ ‘ Calculate of ’ ‘ Classification
Threshold change imagery
: | |
Standard Deviational
: Stack and Overlay
Ellipse

Figure 2. Processing steps of study data.
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5.2.1. Atmospheric correction

Elimination of the atmospheric effects is an important pre-
processing step, since the conversion of at-satellite spectral
radiances of satellite imagery to their at-surface counterparts is
required. to the rectification of the atmospheric and radiometric
distortions  (Agapiou,  Hadjimitsis,  Papoutsa,  Alexakis,

&Papadavid, 2011)according to the following steps is essential:

1- The effect of the atmosphere on the Landsat satellite imagery
has been corrected according to the following steps:

e Conversion of digital number to radiance values, using the
equation

LA=((LMAXA- LMINL)/(QCALMAX — QCALMIN))x(QCAL —
QCALMIN)+LMINXA(1)

e [)= spectral radiance at the sensor aperture in watts/(meter
squared*ster*pm)

e QCAL=The quantized calibrated pixel value in DN

e LMINA=The spectral radiance that is scaled to QCALMIN in
watts/(meters quared*ster*um)

e [LMAXA=The spectral radiance that is scaled to QCALMAX in
watts/(meters quared*ster*um)

e QCALMIN=The minimum quantized calibrated pixel value
(corresponding to LMINA) in DN=0 (NLAPS Products)
or=1(LPGS Products)

e QCALMAX=The maximum quantized calibrated pixel value
(corresponding to LMAXA) in DN=255

e Conversion of radiance to reflectance values, using the
following equation:
pP=1I x LA x d2/ESUNA x COS(6S) )

*pP =Unitless planetary reflectance

L A= Spectral radiance at the sensor’s aperture

«d= Earth-Sun distance in astronomical units from nautical

handbook or interpolated from values listed in Table 2

*ESUNA= Mean solar exoatmospheric irradiances

*COS (6S) = Solar Zenith angle in degrees= (90°-Solar elevation

angle). (Landsat 7 science data users’ handbook, 2006).
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2- The effect of the atmosphere on the SPOT-5 satellite imagery

has been corrected as follows:

e Conversion of digital number to radiance values, using the
equation:

P = (Dc. n)/(G.cos) 0s (.Es) (3)
where P is the TOA (Top of Atmosphere) reflectance, Dc is the
digital count, G is the sensor absolute calibration gain, 0s is the
solar zenith angle, and ES is the solar radiation in the
appropriate wavelength (Houles, El Hajj, &Béguée, 2006).

e Use 6S Model, this model requires the introduction of a set of
data such as geometric conditions, spectral bands data of
satellite, and weather conditions (humidity and aerosol). In
order to get x value in the equation, enter correct atmosphere
data, which are as follows:

Acr =y + (1+ xc X y) 4)

where y is the spectral reflectance value to band (n), xc is the
extracted value from the application of 6S Model to band (n)
(Vermote, Tanre, Deuze, Herman, &Morcrette, 1997).

5.2.2.Calculation of spectral indices

Optimized Soil-Adjusted Vegetation Index (OSAVI)

The use of this spectral index in the identification of vegetation
in the study area has been proposed by Rondeaux, Steven,
&Baret(1996) throughthe addition of a perfect correction
coefficient to soil, called the “x”, rather than “L”, as proposed by
Huete (1988). The equation is as foIIows:

OSAVI=1.16 x ((NIR —Red)/(NIR + Red + 0.16)) (5)

Normalized Difference Built-up Index (NDBI)

This spectral indexhas been used to determine the built-up areas,
separated from the vegetation, and to compare the results of this
index with the results of the developedspectral index in the study.
This spectral index was developed by Zahet al., (2003).1t depends
on the NDVI, which was proposed by Rouse et al., (1974) and
differs in itsreplacement of the infrared band with the shortwave-
infrared (SWIR) band to separate the built-up areas from the rest of
the background targets. The index values range between-1.0 for
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soil and +1.0 for built-up. The equation is as follows:
NDBI= (SWIR -NIR)/(SWIR + NIR (6)

Optimized Soil-Adjusted Built-up Index (OSABI)

The OSABI is a remote sensing index that applies wavelengths
of NIR and SWIR to Landsat ETM+ and SPOT images. These
wavelengths were selected based on the contrast reflection range
and absorption in built-up and soil and vegetation. OSABI has been
applied in this study to obtain a spectral index that can differentiate
between spectral reflectance of built-up areas and soil and
vegetation.Thisis because NDBI does not have the ability to
separate the reflection of built-up areas and vegetation. As for the
soil reflection (bare land) in the arid and semi-arid regions (As-
syakur et al., 2012),this reduces the ability to estimate the plant
coverage and identify built-up areas in the study area with high
accuracy. Consequently, a spectral index was designed to be less
sensitive to soil reflection and more sensitive to the reflection of
vegetation and built-up areas.

As a result of the ability of OSAVI to distinguish soil reflection
and separate plant reflection in dry and semi-dry areas
(Rehaili,2013).The modelof the study relies on the OSAVI
equation for designing theequation of the developer spectral index,
where it depends on the NIR band, since vegetation has a high
reflectance in NIR band, as the replaced the red band with the
shortwave-infrared (SWIR) band, sensitive to spectral reflectance
from built-up areas and featureshigh reflectance in thedetectionof
built-up areas compared with vegetated areas. To produce a
spectral index that possessesa high ability to differentiate spectral
reflectance of vegetation and separate this reflection from the
reflection of built-up areas and the reflection of bare soil. It also
dependedon the values0.16 and 1.16 (the soil brightness correction
factor) for the minimization of soil effects, thus the equation is as
follows:

OSABI=1.16 x ((NIR -SWIR)/(NIR + SWIR + 0.16))
(7)

Hence, they take on the index values between —1.0 and +1.0 (-

1.0 for built-up; +1.0 for vegetation).

Vot
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5.2.3.Threshold

Threshold is the value of the interval between the plant and the
soil areas and between urban and areasof other targets. Especially
considering the presence of plant and urban areas, threshold values
may be less than zero (a value of 0 to — 1 should indicating bare
soil). Further,threshold values between the vegetation density have
also been determined as shown in Table 2. A threshold value was
determined after applying spectral indices of all imagery of a study
area.

Table 2. Threshold values of vegetation density.

Vegetation density 1984-2015
Very dense vegetation More than 0.30
Dense vegetation 0.21t0 0.30
Medium Density vegetation 0.11to 0.20
Poor vegetation 0.01t00.10
Very poor vegetation —-0.01t0 0
Barren areas Less than —0.01

5.2.4.Accuracy Assessment

The accuracy assessment function available in ERDAS
IMAGINE was employed for the classification of OSABI and
OSAVI by introducing 100 points.

5.2.5.Function of Directional Distribution (Standard
Deviational Ellipse)

This function has been utilised to measure the angle of the
direction of the spread of urbanism, whereinthe long axis indicates
the direction of maximum expansion, and the short axis indicates
the direction of least growth (Aljarash, 2004). The ARCGIS 10
software was the platform utilised fordetermination of the standard
deviational ellipse.

6. Results and Discussion

6.1.Comparison of the effectiveness of OSAVI and NDBI in
the separation ofurban areas and vegetation in the study area

Throughout Table 3, Figure 3, and Figure 4, we observethat the
overall rate of NDBI reached the value 0.144, while the overall rate
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of OSABI reached the value — 0.151.This rate indicates the greater
ability of OSABI in spectral response to soil in comparison to
NDBI.We also observedthat the general average of minimum value
of NDBI did not exceed — 0.453, and is used for a mixture of plant,
soil, and urban cells.The index has not been able to accomplish an
effective separation. However, it managed the OSABI forthe
separation betweensoil and rock cells from urban cells, where the
general average of minimum value of the index amountedto—
0.640. This finding is consistent with the resultsof the
byWidyasamratri (2010) and As-syakur et al. (2012).However, the
spectral index used in the study differs.

Table 3. NDBI values and index developer (OSABI)
in all years of the study.

NDBI OSABI
Date Aver llj\/lﬂ:nlm Maxim Aver Minim Mrré]mmu
age um value age um value
value value
1984 0.313 -0.060 0.587 0.362 -0.681 0.069
2000 0.143 -0.344 0.417 0.166 -0.484 0.399
2005 0.015 -0.440 0.461 0.018 -0.534 0.510
2015 0.135 -0.969 0.990 0.097 -0.862 0.644
Gene B
ral 0.144 -0.453 0.613 0.151 -0.640 0.405
Average

N A
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NDBI 2005

Figure 3.NDBI in the study area from 1984-2015.
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Figure 4. OSABI in the study area from 1984-2015.

It has reached the general average of maximum of NDBI in all
years 0.613. This does not indicate the plant areas, as it is presumed
to be in most spectral vegetation indices, but rather indicates rocky
areas that spread out in the western part of the study area. While the
general average of maximum value for OSABI amounted to about
0.405, we found that the disparity in the maximum value from year
to year of the OSABI values is a result of the variation in
vegetation density between one year and the other.

NDBI also revealed that for the year 2005, the values rateis less
than other years, and in 1984, it is the highest of all years, while
OSABI showed the opposite. It turns out that the lowest value and
the highest value for NDBI and OSABI were observed in 2015, the
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year in which their results matched in values, while there was a
disparity between years in the lowest and the highest values
between NDBI and OSABI.

As shown inTable (4), the classification accuracy between
OSABI and OSAVI values ranged from 0.81-0.93. Despite of the
differingclassification  accuracy  acrossall — years, it is
possiblebecause there is overlap in some cells of the dry soil and
vegetation.

Table 4. Accuracy assessment of OSABI and OSAVI
classification in all years of the study.

OSABI OSAVI
Date Overall Overall Overall Overall
Accuracy Ka_pp_a Accuracy Ka_pp_a

Statistics Statistics
1984 86.00% 0.8561 82.00% 0.8151
2000 87.00% 0.8637 85.00% 0.8465
2005 90.00% 0.8971 90.00% 0.8973
2015 93.00% 0.9284 91.00% 0.9075

6.2.Urban growth and city sprawl trends in the study area:

Throughout table 5 and figure 5, we find that the urban coverage
ratio did not exceed 4.85% of the total area of the study area in
1984 that included the following neighbourhoods: Garwa,
Almtnah, Moashy, Masara, Alageeg, Alaziziyah, Shoubra, Al
Faisaliah, Al Rayyan, Ben Baker Lane,Alshargiah, Alshohada,
Alnozha, and Shahar.The increase in population has led to
increased urban growth in the city, and the emergence of new
neighbourhoods, such as Nakab, Alwashha, Algomria, Alsharafeia,
Albahja, Alnaseem, Algotpia, Alhalaga, Alshargia, Algarbia,
Algiam, Om alsapaa, King Fahd, and others. This has resulted in a
significant increase in the proportion of urban coverage in 2000,
amounting to 8.05% of the total study area. The reason for the
population increase was the migration of many residents from the
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villages and the surrounding areas to Taif City during that period.
Since it is the administrative centre of the province, as well as
presents many career opportunities, migration to the city
isinevitable (Development Commission of Makkah, 2006). This
result is consistent with

Table 5. Urban growth in the study area from 1984-2015.

Urban Non-
vears | sprawl Ratio | built-up Ratio Rate of
P (%) area (%) change (%)
(hectare)
(hectare)

1984 | 1619.96 485 |31791.27 |95.15 -

2000 | 2692.44 8.05 |30718.79 |91.94 39.8

2005 | 2727.13 8.16 |30684.10 |91.84 1.3

2015 | 2765.776 | 8.27 | 30645.46 |91.72 1.4

Total area (hectare) 33411.23

Figure 5. Urban growth in the study area from 1984-2015.
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the results of Mishra et al .(2006), Feng (2009),
Saravananandllangovan (2010), Rahman et al.(2011), Kumar and
Tripathi, (2014) in increasing urban growth.

In 2005, the city also was not exposed to as large a population
increase.In 1984, the ratio of urban coverage in this year did not
exceed 8.16% of the total area of the study area. Also, in 2015, the
urban coverage ratio amounted to 8.27% of the total area of the
study area.We also found that during this period, many residential
schemes had emerged in the new neighbourhoods where residential
buildings spread, especially in the northern, eastern, and southern
neighbourhoods.

Table 5 and figure 6 show that urban growth in the study area is
concentrated in the city centre in 1984. While the urban growth in
2000 spilled about the parties, with a large ratio change that
amounted to 39.8%.We found that in 2005 there was a slight
extension of urban mass towards the parties that resulted in a
change that did not exceed 1.3%. Also, in 2015, some residential
schemes spread in the limbs, especially the north

AR
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Figure 6. Stages of urban growth in the study area from
1984-2015.

that led to a slight change that amounted to an increase in ratio
by 1.4% compared to that in 2005.

As seen infigure 7, the urban growth trends in Taifextendin
general, from 1984 to 2015, in five main directions: the northern
direction, with the airport road, the northern and eastern direction,
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along the King Khaled Road, the southern direction of the south
Road (Hassan ibn Thabit), the western direction, and the southwest
direction of King Fahd Road.From the standard deviational ellipse
(Figure 8), the angle of the direction of the major density of the
spread of residential buildings, take place in general, in all the
years of study from 1984 to 2015, along the north-east and south-
west directions, the axis along where most of the urban areas are
concentrated, while the spread of housing is towards the east and
the west. Seesad Park and Okaz market run on large areas of the
eastern side, and the presence of the mountains is on the western
side,

Figure 7. Urban growth trends in the study area from
1984-2015.

'y



n.m.b.ll n.ml j.ull n.la.uJI 4@},

‘s\“\V/ A\i\"/\c_ 3 N

(g 402625 % ) i 402625" 2 )

%

R,

By =

21°19'52"
21°1g'52

711952
21°1g'52"

11251
21°1251"
1251

0

@0 123 “"‘40 rag26" 98? 123 AN erpraes

40°2b25" ¥ (o 40°2625" T ¢ )

%w
‘:-"/
=&

210195958 o &
211652

21°1952"

- 3 - 3
b b - B b
§ 0123 4km o N0 123 4km o
5015 )y 40°2625" J (3005 === 40°2625" )

Figure 8. Standard deviational ellipse of urban growth in the
study area from1984-2015
which hampers the urban sprawl towards these two sides of the
city; the northern and southern sides are appropriate for urban
expansion. We also found that the standard deviational ellipse in
1984 was less extensive than for the rest of the years because of a
decrease in urban growth of the city in that year. On the contrary,
in 2000 and 2015, the standard deviational ellipse widened
significantly from 1984, with a cleartendency towards a north-east
and south-west direction, especially in 2015, because of the focus
of some services in the north, such as the University of Taif and the
airport, and its proximity from Seesad Park and Okaz market, two
of the most important tourist sites in the region.
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6.3. The effect of urban growth on vegetation coverage in the
study area

As seen in table 6 and figure 9, the amount of plant coverage in
the study area varies from year to year. The largest amount of plant
cover was in 2015, at the level of 17.30% of the total of the study
area, because of increased attention to agriculture in recent years
(Alsaadi, 2016). In 2000, the area provided to plant cover
amounted to 16.43% of the total of the study area. The agricultural
renaissance continued until 2004;subsequently, in 2005, a decline
happened in plant coverage area, reaching 13.15% of the total study
area, due to lower rainfall rates in that year. The year 1984
witnessed a lesser percentage of plant coverage than other years; it
did not exceed 10.34% of the total study area due to low rainfall
that amounted to 84 mm in 1984 (Water Resources Development
Management, 2016).

Table 6. Vegetation coverage in the study area from 1984-2015.

Plant coverage Total Barren
Outside . Inside the . plant Ratio areas in Ratio Change
vears | e city Rff/“" city Rf;‘/t'o coverage | (%) the city (%) | percentage
(hectare) (%) (hectare) (%) (hectare) (hectare)

1984 | 3021.85 | 9.044 431.46 1.29 3453.11 | 10.34 | 29958.12 | 90.52

2000 | 4326.79 | 12.95 | 1162.12 3.48 5488.76 | 1643 | 27922.47 | 83.57 39.8

2005 | 3483.84 | 10.43 | 910.91 272 | 439472 | 13.15 | 29016.51 | 86.85 13
2015 4738.30 14.19 1040.48 311 5778.79 17.30 | 27632.44 | 82.70 14
Total area (hectare) 33411.23
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Figure 9. Vegetation coverage in the study area from 1984-2015.

Most of the studied vegetation was not concentrated within the
city but was outside the city, where 14.19% of the total plant
coverage area was located in 2015. While only about 3.11% of the
total plant coverage area was distributed within the urban cluster.
Also, in 2005, it was found that about 10.43% of the total plant
coverage area was located outside the urban cluster, while about
2.72% was distributed within the urban cluster for that year. When
comparing all the years, the largest percentage of plant coverage in
the inner city was in 2000, whenit amounted to 3.48% of the total
plant coverage in the area. However, the plant coverage levels
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outside the urban cluster were still higher, reaching about 12.95%
of the total plant coverage area. It turns out that the year 1984
witnesseda smaller percentage of vegetation spreadoutside the city
than in other years; this amounted to 9.04% of the total plant
coverage area. The percentage of spreading vegetation within the
city was also less in 1984, whenit amounted to 1.29% of the total
plant coverage area, than in other years.

As seen in table 6 and figure 10, the concentration of most of the
vegetation were in the valleys in 1984, whereas the vegetation
spread out in various places in 2000, resulting in the highest
percentage change in vegetation area between 1984 and 2000. This
amounted to 39.8% and was considered to be a positive change,
where the area covered by the vegetation increased significantly
overthe two mentioned years. However, the percentage of change
between 2000 and 2005 did not exceed by more than 1.3%. Also, it
appeared that between 2005 and 2015, the positive changes in the
region led to an increasing vegetation in the area, especially in the
northern and western parts, where the percentage of change has
amounted to about 1.4%. Thus, it was found that the ratio of
change over the fifteen years (from 2000 to 2015) amounted to
about 5%.
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Figure 10. Stages of Vegetation coverage in the study area from 1984-2015.

6.4. The effect of urban growth on vegetation density in the
study area:

Density in vegetation measurement refers to the number of
individuals per unit area (for example plants/m2). The term
consequently indicates the closeness of individual plants to one
another (Launchbaugh, 2017). The greatest vegetation density in
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the study area was found in the year 2015, at a ratio of 1.74% of the
total study area. The study also found that a very dense vegetation
almost disappeared in 1984, the year when the lowest rate among
all the years, amounting to 0.086% of the total study area, was
recorded.This very low percentage only representedthe vegetation
in some of the farms limited to the valleys WadiWajj and Wadi
Layyah While a very dense vegetation ratio, measured in 2000, did
not exceed more than 0.25% of the total study area, in 2005, about
0.95% of the study area had very dense vegetation. The highest
proportion of dense vegetation amounted to 1.53% in 2015, 1.41%
in 2005,0.54% in 2000, and finally, no more than 0.23% of the total
study area in 1984 of the total study area (Table 7, Figure 11).
Table 7. Vegetation density in the study area from 1984-2015.

Years 1984 2000 2005 2015
Very dense vegetation (hectare) 28.98 82.71 322.06 579.69
Ratio (%) 0086 0.25 0.96 1.74
Change percentage - 64.9 74.3 44.4
Dense vegetation (hectare) 76.31 179.01 471.63 511.45
Ratio (%) Oc, 23 0.54 141 1.53
Change percentage - 57.4 62 7.8
Medium Density vegetation 18261 | 31833 | 468.14 456.81
(hectare)
Ratio (%) 0.55 0.95 1.40 1.37
Change percentage - 42.6 32 2.5
Poor vegetation (hectare) 1094.13 669.63 1050.14 914.076
Ratio (%) 3.27 2.00 3.15 2.74
Change percentage - 63.4 36.2 14.9
Very poor vegetation (hectare) 2071.08 4239.08 2082.63 3316.75
Ratio (%) 6.30 12.69 6.23 9.92
Change percentage - 51.1 100 37.2
Barren areas in the city (hectare) 29958.12 | 27922.47 | 29016.51 27632.44
Ratio (%) 89.66 83.57 86.85 82.70
Change percentage - 7.3 3.8 5
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Figure 11. Vegetation density in the study area from 1984-2015.

The study area was characterized by a presence of medium
density vegetation, which covered most of the northern, eastern,
southern, and western parts, especially in 2005, and for which the
highest ratio (1.40%) was recorded. While the recorded vegetation
ratio in 2015 was less than that, it amounted to 1.37% of the total
study area. Medium density vegetation also appeared in 2000, but it
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did not exceed the total by more than 0.95%. A similar observation
was made in 1984, when the lowest percentage of medium density
vegetation (0.55% of the total study area) was recorded.

Increasing the proportion of poor vegetation (trees and spiny
shrubs), which were scattered in all parts of the study area, this
vegetation covered a wide area in 1984 compared to the other
years; i.e., 3.27% of the total study area. This spread of poor
vegetation over the area was mirrored in 2005 as well, where the
ratio amounted to 3.15% of the total of the study area.However, the
proportion of poor vegetation decreased in 2015, amounting to just
2.74% of the total study area. The least proportion of poor
vegetation was seen in the year 2000;with the area covered by poor
vegetation amounting to 2.00% of the total study area.

Very poor vegetation spread dramatically in the study area. This
vegetationwas prevalent especially in the outskirts of the cityon the
mountain slopes and valleys, away from the urban areas.This
vegetation often consisted of a variety vegetation (grasses and
annual shrubs that grow in soil and stone). Very poor vegetation
was recorded in the highest levels (12.69%) in the total study area,
especially in the southern parts, in 2000.In 2015, however, the
lowest percentage (9.92%) was recorded and it was concentrated
mainly in the northern parts of the study area. The very poor
vegetation disappeared from the northern and southern parts of the
study area in 1984 and 2005, resulting in a lower proportion of
vegetation overall, reaching 6.30% and 6.23% respectively.

The very dense vegetation was exposed to the biggest change
between 2000-2005, whenchanges in percentages amounted to
74.3%, as well as between 1984 and 2000 by a large change in
percentage, amounting to 64.9%. While a decrease in percentage
change (44.4%) occurred between 2005 and 2015, the vegetation
was still dense because of a growing interest in planting and
cultivation of places within the city and beyond. Dense vegetation
also was subjected to significant changes between 2000 and 2005
that amounted to 62%. While dense vegetation was exposed to
change between 2005 and 2015, they were only slightly so, as the
ratio did not exceed 7.8%. Thus, we find that the very dense and
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dense vegetation had undergone positive changes that did not lead
to degradations, but on the contrary led to increases.

Medium density vegetation is considered less vulnerable to
change between years of schooling than dense vegetation. Such
vegetation was exposed to the largest positive change between
1984 and 2000, with a ratio that amounted to 42.6%. At that time,
this change (32%) was lesser than that observed between 2000 and
2005. Medium density vegetation between 2005 and 2015 were
exposed to only a slight change (2.74%). Poor and very poor
vegetation were also exposed to changes, some positive and some
negative, because of the low rainfall and human activities, such as
timber cutting and overgrazing. Poor vegetation has recorded the
largest negative change (63.4%) between 1984 and 2000. Poor
vegetation was also exposed to positive change, where the ratio
amounted to 36.2% between 2000 and 2005. However, this
situation did not continue between 2005 and 2015; a slight
deterioration led to the contraction of the poor vegetation area. The
largest percentage change occurred for very poor vegetation, for a
ratio of 100% between 2000 and 2005, when vegetation vanished
from the northern and southern parts of the study area, while very
poor vegetation was exposed to positive changes between 1984 and
2000, whena change ratio amounted to 51.1%, as well as between
2005 and 2015.

Although an increase in the urban area growth from one year to
another prevailed, a correspondingincrease in vegetation area
correlated with exposure to fluctuations from one year to another
did not take place. If we find the high ratio of urban growth in 2000
and the low proportion of vegetation that year, subsequent to that
year, the urban growth rate remained fixed with a slight increase
during the fifteen years, while the exposed vegetation fluctuated
from one year to another (Figure 12). This indicates that urban
growth was not the reason for those positive and negative changes
in vegetation.This contrasts with the findings of certainstudies (Ji,
2008; Widyasamratri,2010; Basawaraja et al., 2011; Rahman et al.,
2011; Kumar &Tripathi, 2014), whereinurban expansion caused a
decrease in the area of vegetation in the city.
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Figure 12. Changes of urban growth and vegetation in the study area from1984-2015.

7. Conclusion

This study used the equation OSAVI in order to develop the
OSABI equation for separating the urban areas and vegetation on
other ground targets with high efficiency,utilising remote-sensing
data in Taif City. The study demonstrated the effectiveness of
OSABI to distinguish urban areas (built-up) from Landsat and
SPOT data, for a rate of 0.151, while the overall rate reached
through NDBI was about 0.144. In fact, the minimum value of
NDBI in all the years did not exceed —0.453, representing a mixture
of vegetation, urban area, and soil. Contrary to this, the minimum
value of OSABI amounted to about —0.640, which represented a
mixture of soil and stones.This also appeared to be the lowest rate
for NDBI in 2005, and the highest rate in 1984, in contrast to the
OSABI results.

The urban coverage using OSABI did not exceed a ratio of
4.85% of the total study area in 1984, while it is increased in 2000,
amounting to 8.05% of the total study area, and 8.16% in 2004 and
about 8.27% in 2015.1t was not due to the different resolution for
the images having any significant impact on the variation of the
Urban sprawl ratio in different years. The large change ratio was in
the order of 39.8%. In 2005, the city had not been seen a large
population increase in the previous year, such that the urban
coverage rate in this year did not exceed 8.16% of the total study
area; a slight percentage change of 1.3% occurred in the year 2000.
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Actually, the proportion of urban coverage in 2015 amounted to
8.27% of the total study area.

The study discovered that urban growth trends in the city of
Taifgenerally went in five main directions from 1984 to 2015. The
northern direction with the airport road, the northern and eastern
direction along the King Khaled Road, the southern direction of the
south road (Hassan Ibn Thabit), the western direction, and the
southern and western direction of the King Fahd Road. The results
from the standard deviational ellipse showed that the angle of the
direction of the major density for the spread of residential
buildings, taken in general for all the years of study from
1984-2015, lay along the northeast and southwest direction, along
which axis most of the urban areas are concentrated, while the
spread of housing was directed towards the east and the west.
Additionally, the standard deviational ellipse in 1984 was found to
be less extensive than the rest of the years.

The largest coverage by vegetation was in 2015, due to the fact
that the attention the region has seen in the agricultural sector in
recent years, whereas 1984 was a year with a small percentage of
plant coverage. Evidently, most of the vegetation that have been
studied were not concentrated within the city but lay outside the
urban sprawl of the city. It was discovered that the highest
percentage change in coverage area of vegetation was between the
years 1984 and 2000. The percentage change between 2000 and
2005 did not exceed more than 1.3%, and the negative changes
have led to a decline in plant coverage area. While positive changes
have emerged in the region, these have led to increasing plant
coverage area between 2005 and 2015.

The study discovered that the greatest plant density in the region
was in 2015while the dense and the very dense vegetation
disappeared in 1984. The study area was characterized by the
emergence of medium density vegetation, which covered most of
the northern, eastern, southern, and western parts, especially in
2005. In fact, poor vegetation covered 3.27% of the total study area
in 1984, while it was less than that in 2000. With regards to the
very poor vegetation, these spread dramatically in most parts of the
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study area, especially in 2000, whereas they disappeared from the
northern and southern parts of the study area between 1984 and
2005.

The study also discovered that a very dense vegetation was
exposed to the biggest change between 2000 and 2005. A similar
situation occurred for dense vegetation. While medium density
vegetation is less liable to change between the years, the biggest
positive change occurred between 1984 and 2000. The poor
vegetation were exposed to the biggest negative change between
1984 and 2000; however, the biggest negative change ratio
occurred for very poor vegetation between 2000 and 2005. The
study also discovered that urban growth was not the reason for the
negative changes suffered by the vegetation.

Finally, the study recommends the development of spectral
indices suitablefor arid and semi-environments, such as that of the
study area. With the advantages of the means and tools of remote
sensing and geographic information systems techniques,
monitoring environmental problems in such areas has become more
efficient and accurate. Additionally, the study indicates the need to
maintain the vegetation in the area, preventing human practices that
lead to deterioration or elimination of the vegetation, as well as
preventing the implementation of any residential schemes or
introduction of arable land in the valleys, or the spread areas of
invasive species, such as Juniperusprocera trees and Acacia
gerrardii.
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Marine Ecosystem Degradation in Jazan Region,
Southwest Saudi Arabia.Geo Environmental Study

Adel Moatamed Abdul Hamid
Associate Professor, Department of Geography, King Khalid, Saudi Arabia.
E-Mail:adelecoll1@yahoo.com

Abstract

Marine ecosystem in Jazan area, south-west of Saudi Arabia, is
one of the most important ecosystems in which human activities
interact, resulting in varying degrees of degradation of the
ecosystem and the decline of its original characteristics.

The researcher seeks to monitor the most important types of
deterioration, which was: coastline changes, decline of mangrove
areas, decline of the area of coral reefs, and pollution of some
heavy elements.

Then monitoring and determining the most important human
geographic factors causing this deterioration, whether it is related
to urban growth and the expansion of services at the expense of
Coastal and islands areas, disposal of treated wastewater at sea or
overfishing and maritime transport in the region.

The researcher has relied on the analysis of satellite imagery,
GIS and remote sensing techniques, as well as fieldwork to support,
verify hypotheses and achieve results with acceptable accuracy.

Keywords: Marine Ecosystem, Jazan Area. Mangroves , Coral
Reefs, Heavy Metals
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Summary
Title: Vacant lands inside the urban boundary of Saudi cities:
Study on urban geography
Name: Abdullah Muidh Al-Qahtani
Supervisor: [Dr. Ibrahim Salih AL-Dousary
Date: 1438H / 2017
Key words: [Vacant lands - Urban boundary - Urban geography

Vacant lands spread inside the urban boundary of the cities in
varying proportions from one city to another which is considered
as one of the problems and challenges faced by the Saudi cities
resulting in several adverse effects. This thesis discusses the
vacant lands inside the ranges of urban boundaries of Saudi cities
focusing on the determination of the spaces of the vacant lands
within the range of the selected cities, the spatial diffusion there,
the rate of disparity among them, the determination of the factors
resulting in leaving the vacant lands unused, the negative effects of
the vacant lands inside the ranges of the urban boundaries of the
cities in these aspects: economic, urban and planning and the most
suggestions of the study community to reduce the problems of the
vacant lands and its impacts inside the urban boundary.

The study adopts the survey, comparative and analytical
methods and uses the geographical information system(GIS) in
addition to using questionnaire which was distributed to the study
community which was treated and analyzed using a number of
appropriate statistical methods.

The study has showed several results, the most important of
which are: the vacant lands constitute (65.7%) in the city of
KhamisMushait of the total area of the urban boundary, (58%) in
the city of Tabuk, and then (57.5%) in the city of Khafji, while the
city of Buraidah is the lowest in percentage of the vacant lands
by(57%). The study also has found that the factors that have a
strong impact on the existence of the vacant lands within urban
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boundaries without use are: the desire to increase their prices and
the absence of laws required to sell, build, or plan it. Additionally,
the study has found that the impacts that negatively affect the
economic aspects to a strong degree due to the existence of the
vacant lands within the urban boundaries are: the increase in the
price of lands, lack of housing units, high rents, the imbalance
between supply and demand balance, impeding the economic
development, and the increase in infrastructure costs. Moreover,
the study has showed that the impacts that negatively affect the
planning aspects to a strong degree because of existence of the
vacant lands within the urban boundaries are: hindering the growth
and development of the city, the housing crisis has ballooned,
disrupting the development movement, impacting on the balanced
urban development within the city, as well as the impacting on the
direction of urban growth of the city. Also, the study has revealed
the effects that negatively affect the urban aspects to a strong
degree due to the existence of the vacant lands within the urban
boundaries are: the weak interconnections between the city's
neighborhoods and the distortion of city's landscapes.
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