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(3) dall Uans dbale JS Luaal o () 5d bany
woblic Yaa G jle diale 81 duall Laad)
(AHP) g Jiaill 3500 Oe aaalil k) e
ble b 2017 sl diale Ll Uil U
923 2003 Lo diales /24,6 s sl
Gacle s /15 9532021 e Gl (/19,7
9432013 Hle Gisle 5 /11,1 523 2008 e
ale diale 5 ¢/5,6 9232015 Ao diale 5 /8
74,2 9232007 oo disle s /4,8 9232001
2011 ale didle s /3 3232018 ale Gl
sy /1,8 9232005 ole Giale 5 ¢/2,2 9
b e Y diale 81 dudl Dual
b WS gl il

n

) Wi=1. (Karymbalis, et al , 2021, p8) .
i=0

9ia Wy le o) ASAY) il (9imad 223 ()
WSs /10 Sslay Y1 a2 (CR) Sl
o3 e A1 0 710 v i Gl deg DS
1 Wl lgin U2 Bay Loy il Ue HKAY]
Bale) 5 JSaY) 024, A /10 Sl dad gl
J1,5 Sl Laoss Uil O3 ade g ¢ oA Bra Julal
Gl Py clgudln Po g oYl il i lae
140 dlbeally (CR) Skl (5930se

Cl
CR= eIk (Karymbalis, et al ., 2021, p,8) .

t S sdall Hh5al (RI) clil) (5 gus (CR) dus
Saaty,) 48 seaall i i Ao adiad 430G dad s
Gswaall Bl d5e 8 (CI) (1987, p.171

1Ay Aalaal

Amax- n
Cl=

. (Karymbalis, et al., 2021, P.8(

o e cd al Chalgdl 2 (n) Gas
) Al daill (5 gumill dasil JAmax) <48 goaall

n
1 .
Amax=( - ) Z (%) . (Karymbalis, et al., 2021, p,8) .
i=1

ales = Wi ¢(C) clgaiall dluls n Gua
Wvi
()
dale = WVi ¢(2) Jgaall iy paaall mua fl
dhy 3 plul dadal) cisha Al cbiay (-
ol On L)) chalsdl e Hhlase (po
Gl e Pl (e 3R Ao 2022 - 2000
oo Aailll Gl gal) pand 21 450 il s
5shall 8 saraal) dusil) Lgnaal Gavs () 35k
Raster ) Louls aladiuly meall didee cudiy ¢ )
) Aaslil) dgdall Cavas 23 ¢(Calculator in GIS
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18°22'10"N

30°52'25"N

22°32'15"N
™

32°34'15"E

32°34"15"E

36

°44°20™

40°54'25"E

45°4'30"E

T

40°54'25"E

45°4'30"E

49°14'35"E

53°24'40"E

Al yall Adkais 3 gin wges
Ay gy (ke dgaa ~A o~
Al ga dgaa ewtueme

Ayl ghlia

57°34'45"E

22°32'15"N

18°22'10"N

A ) ilaie piga .1 g8

= 2022 2000 «ls o ASlaal) lgd cuia i S ALl Ciual ol aaf cilily .1 Jgaa

Baall dulgs Baal) Ayl Al 484 | Al AR ) Bas gl ainl)
2001 -2 -22 | 2001 -2 -22 0,5 lela MERRA 2 Kg/M3 PM 2.5
2003 -3 -27 2003 -3 -25 0,5 Lelu MERRA 2 Kg/Mm? PM 2,5

2005 -1 -7 2005 -1 -5 0,5 Lela MERRA 2 Kg/M3 PM 2.5
2007 -3-3 2007 -3-1 0.5 lelu MERRA 2 Kg/Mm? PM 2.5
2008 - 2 21 2008 - 2 -19 0.5 ielu MERRA 2 Kg/m? PM 2.5
2011 -3 =27 2011 -3 -25 0,5 iela MERRA 2 Kg/M3 PM 2.5
2013 -5 -9 2013 -5 -7 0.5 ielu MERRA 2 Kg/m? PM 2.5
2015 -4-3 2015 -4-1 0,5 iela MERRA 2 Kg/M3 PM 2.5
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2017 -3 21 2017 -3 -19 0.5 isla MERRA 2 Kg/Mm3 PM 2.5
2018 -4 -13 2018 -4 -13 0,5 Lela MERRA 2 Kg/M? PM 2.5
2021 -4 -16 2021/4-14 0.5 ielu MERRA 2 Kg/m? PM 2.5
-(https://giovanni.gsfc.nasa.gov/) : jradll
@R o ALl Gl ) il d 3 A5l A8 ghiaa .2 i
2005 | 2011 | 2018 | 2007 | 2001 | 2015 | 2013 | 2008 | 2021 | 2003 | 2017 | & Lad ddalall &y
9,00 | 800 | 7.00 | 600 | 600 | 500 | 400 | 3,00 | 200 | 1,00 1 2017
800 | 700 | 600 | 500 | 500 | 400 | 300 200 | 1,00 1 1,00 2003
700 | 6,00 | 500 | 400 | 400 | 300 | 200 | 1,00 1 1,00 | 0,50 2021
6,00 | 500 | 400 | 300 | 3,00 | 200 | 1,00 1 1,00 | 050 | 0,33 2008
500 | 400 | 3,00 | 200 | 200 | 1,00 1 1,00 | 050 | 0,33 | 025 2013
4,00 | 3,00 | 200 | 100 | 1,00 1 1,00 | 050 | 033 | 025 | 020 2015
4,00 | 3,00 | 200 | 1,00 1 1,00 | 0,50 | 033 | 025 | 020 | 0,17 2001
3,00 | 200 | 1,00 1 1,00 | 1,00 | 0,50 | 033 | 025 | 020 | 017 2007
2,00 | 1,00 1 1,00 | 050 | 050 | 033 | 025 | 020 | 0,17 | 0,14 2018
1,00 1 1,00 | 050 | 033 | 033 | 025 020 | 0,17 | 0,14 | 0,12 2011
1 1,00 | 050 | 033 | 025 | 025 | 020 | 017 | 014 | 0,12 | 0.11 2005
.(https://opmsg.com/ahp/ahp) e el dedeall dpsls e slaie YL Ziall) : jradll
L@ e i Gua Ay L) i) all Al daad) .3 Jsan
Al Liaady) 4kl ddalal) gy )0 A Al 4 ddalal) f )l
4,8 2001 24,6 2017
4,2 2007 19,7 2003
3 2018 15 2021
2,2 2011 11,1 2008
1,8 2005 8 2013
5,6 2015

-(https://bpmsg.com/ahp/ahp) eell dedecll Lpsls e alaie Y Zald) 1 jraall
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Lokl (Ao daill &l g Lgie aaty Al 4500
2001 /2 [21 diale Cialgall 2l aal g
-(Albagami, 2019. p.44)
Gaald ad L WS am DA ey
sl (P Gl a sl e Aoy AnlSall LgalS s
Gsmn o Jlall 38 5ip gl i adh ) 1agd )
i 113 o (2001/2/20) s ASled)
Sofel 258 190 Y i dilaias slas ddailaa
bl 4 8 ddadlae (3,4 ddalad) S e ady G
by A all dalaiay 4y peill Alilas e Jlads
G Apbell dealall S e s U gl
GBS bl deay Cus 48 ,al ddhiall Ciging
3 ,al) dakial) 8 aally eleal) Clliblae davs
ol dalaia b Qs 231 dlidlas daugs
34t (2001 [2 [21) o3t Sl 55 245
S Al Jled il il ddailaay 3o/pl a5 Sua
Jledis dy el Alilaa (3,8 3o/p) a5 8 353
12 [22) s Ghaalall Jal ol g el
Sefel s 2,9 om DL S5 e g5 (2001
Cin Sofalns S 463,4 ) b il Aldlaey
Laaldl Se rng Julls celual) dbilas
cslual) Cugin CAESH Sl o cLgia Ll
dalle g cnjgph Abdlase Jlady cxnell g iging
Glida zediy YD Guds cdald) Aladlas
Spdadl (3 JSa) B AL & )l dialsl)
Ghidh diald ad e U e Ll
Aahie Jlady ¢aly )l dzhie (3,4 Qgin g (A8 Al

Algn dus JA a gl dahie &gl ool
AU Ll S5 baagie pol iy colal alias
2499 ) Al Jld 57 o A
Pefel s K

G s 5 (B) S ek cllld e L
ASkadll (5 gise e AN LY DA 3@ 43,
Lgio rgp lld K5 leay cdaalall ad ol
38 ,al) daklaiall b a 260 ¢ &Y G350 (5 e
S oe ey ooy 8 Ly ool aig pab
ST e 3hlall adg @) Galay Jll
& Al Gses hugie ai A cArs (s s
U dead AShedll Jlediy e Jladg g Al
Aoty Cigall ilaie Jlady Jlads a3l giasa el
2% Hhlie sady caan Al dibid) 0 ade
Jio Gum eahll Jal 2S5 e )il Aialal
Gohs 48,80 dalidl b .S 0,5 g dgl s
fis oo dzhie dladiy Galll (8 g
Aoy i€ 36242,5 Glaill 138 (aca (3l Jl sk
Aliea Hllie st ) dilaiall gy (/17,35
Gsins Gt Jld ghlie Gaa @)kl e jLall
Lusy auallly ddladll dgaall 3 b5 48,8 5,4
Gkl Jshl alig (o)l iging (o) ais b )
Alsina jhlie G il ) Ghlidl (acs dadl gl
idy abs /28,04 Ly oS 585529 Lal
diale jhliedals ol ) Ghldl e 3kl
.2001
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LS n ey el
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& ol as i 19,8 cw DL S5 el
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Ahie e Jled by dey abblasy e
2al) Alsdlas Jled 3o/aljas K 690 ) o) i
GO - PP B PRS- PRI T S
Uisia dyylal) daaledl S50 & a3 2003/3/27
sl g daell ilailae lacs CESI lad) Jasd
Gahi Jlod Jldy D81 dlblas §)d;
12,7 o Dl S5 ggs 3@ adey ool
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Sodl sl 621 ) s dilaie g Jled
celuaY) il o g

okiay Sl sl oldll Pla e
(5) Ul cpw oL EDEN DA decalal) 2 e
dalaia (35 48 Hall dadaiall & CafS HlLall S

A ll) Chaal gall 5l jalma Ji 58 G ¢ aaly
Kplugiorpagale s o Jadl o)l ddlaie b
idailae God igin %afa) ns S 14,8 (o Lad
Loy Se/e‘ﬁj)sz'-“ 457,8 Al e ddhiey Gl
L ,al) Aabiall naadl Alsdlag

Lol e mis il Bl mag
S5 (6 JSall) Jal 3S s e clalSal 5 Y|
oo dbaley &l V) 450 (gl S
S AN g ) G siwe ol e Dlad <2003
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729,36 L o 61311,2 Gl 138 (yaca
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o Jlediy Al Cgiag pab iy avadll
8 e GUhI skl @iy dSa dihie cipes
Sl oy /23,68 iy oS 49438,3 kil
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Spatial Analysis of Dust Storms and their Risks to Road Transport in Saudi
Arabia Using Remote Sensing and Geographic Information Systems

Amina Atallah Abd Rabbuh Al-Ruhaili
Department of Geography, Umm al-Qura University, Makkah, Saudi Arabia

Abstract. Dust storms are natural disasters that have a important impact on various aspects of life,
such as reducing visibility, impairing the transportation sector. Larger particles of dust are deposited
in upper respiratory system (pharynx, trachea), While smaller particles can enter deep lung tissue,
and the physical, biological and chemical properties of these particles can cause disturbances in the
health of the body, and respiratory system, and dust causes harm to body’s systems, such as cerebral
system, cardiovascular system, skin, blood, and immune system. Dust storms occur in dry climates
where average annual rainfall is less 100 mm, and are formed when strong winds blow on surfaces



covered with loose soil and dry sand and shortage vegetation. Saudi Arabia is located in a hotspot
global for dust activity, where dust storm activity begins in early spring and reaches its peak during
summer, due to severe drought conditions and its duration, northern winds known locally as north
Wind, desertification and human activities. Dust storms affect weather conditions, where Dust
particles significantly impact climate by further altering the Earth’s radiation balance through
absorption and scattering of short-wave and long-wave radiation, and scattering caused by dust
events may affect air temperature, causing significant adverse effects on ecosystems and production
of Agricultural, dust affects physical and microphysical properties of clouds, alters the precipitation
efficiency, and reducing soil acidity, leading to economic losses. The study aims to analyze most
important dust storm events in Saudi Arabia, and reveal their effects on horizontal visibility, and
their risks to road transportation. To achieve this, the study was followed a gradual methodology
from a literature review to observe most important dust storms and learn about their methodologies
and data. Thus, fine particle data was collected for eleven storms between the years 2000 - 2022 for
Satellite (MERRA 2), and obtain a (Shapfile) Roads layer from Open Street Map website. The data
was prepared to be suitable for deriving layers of dust for determine the level of horizontal visibility,
and thus Modeling risks of dust storms, and evaluation their risks to road transport. The study used
Analytic hierarchy process to determine importance of each dust storm, all the way to merge layers
of visibility levels in (GIS), to produce a map of dust storm risk levels on Roads. The results of
study revealed located some roads in Saudi Arabia in zones which suffer from very high risks, with
rate risk of dust storms exceeding 827 in Eastern Region and east of Riyadh Region, with an area
0f 546,512.8 km?, by 28.057 of Saudi Arabia area, and located in this zone 32,349.55 km, by 15.497
of total roads. the roads which encounter high risks of dust storms are shown, as dust risk ranges
between 82-627 north and south Eastern Region, southeast of northern border, central and south of
Riyadh region, and east of Najran, with an area 204,061 km2, by 10.477 of Saudi Arabia area, and
roads Length in this zone reach 36,589.5 km, by 17.137 of total roads. and roads Length reach
Within zone which characterized by risks moderate for dust storm 45,498.14 km, by 21.797 of total
road lengths in Saudi Arabia. the rest of roads are located in zones characterized by risks low- very
weak for dust storms. the results of study will help policy makers take correct courses of action to
mitigate the negative effects of dust storms on road accidents, especially in dust storm seasons
occur.

Keywords: Dust storms, Roads, Saudi Arabia, Geographic information systems, Remote sensing.





