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Husman, ) d24’ yall &gl Il (oa ilsd il iliall 56 Logaad dpwliandl g gayll (alsel g
darwinll g Liglle 3y iigll ol yaall oo Penicillium Aspergillus, Alternaria ,1isy 9 (1996
alashall (n sy aiit g (Golofit-Szymezak and Gorney, 2010) waiill jLgall (il y oY
Bennett and Klick, ) dyisall il yalall g oylbo el caywai - illg Mycotoxins o shaéll agoll
(YU et al., 2004) LioaSglll mills youg Aspergillus flavus yhhal (oa =il oo d8e ciaag (2003
@i’ g 3 la¥ dlale ddad alagl illaiy dalalall dinlly Fusarium, Stachybotrys yhaa agag g
0 Siglill 15aS @adini g (Jasdl (Skal 8 duaglgull Bliglall (pa cilivuiragisisyl . ylalisll
ol Silaall -8 angi lgis] g dulalall dinlly dusuulall yglall I 0iiS Y avg duba Il iliall
(Cole etal., 1994 ) i haall crasll gl dugha I é oalyy Lal ilss

LAl g LA clg gl 6 A gadall il dl yas Saial il cilal yall e ayasll Sllia
J—o=ll ;sSLalg (Aydoghu et al., 2005) (uylasll g (Fleischer et al., 2006) milia Giiuglls
Abdel Hameed et ¢ Shelton et al., 2002) awi<.ull J3liall g (Lacey and Dutikewicz, 1994)

5)4ll oi Acob - Oocig A A gl dw Pl IL 1o



dtoyiyall danall JSLdiall oy dplAlall & iully 9,510l 9aill o &iaa ((al, 2013
Lacey and Crook, 1988, Peccia et al., 2011) Sick building syndrome_,iiolLs

9 Moisture oLiall g humidity dughs I miligivuas dulAlall diull ;6 g Suall tig Lill dayi
Al JilKig 9ot le ackui Sill palisll (e dagla Il g oliall . ivell &igSall dalisall algall
9ii g «(Ritschkoff et al., 2000) au<yil<iall g duilijaall Jalgsll 42ili cunii clggll LI Leileail g
[(Pasanen et al., 2000) %10 (a Lol duglay (sgiwe aic a1 & yguny ddadall Blisl<Il alasa
At Ll 2ian Alalall Aiully g 5<aall Sglill julinn @al (38 il g dusqill dalail yis
e Alawall gol< il (s i<l ellio g Lo, Litil Lo sk BBgll udi 6 g gaill dulia
Zweers ) dasulall daggill cala dinll & jlaally aSuil<ioll daggill el dinll clggll 3aga cguu
POrous dualuiall algallg cailalllg dujglilall yiMall " an<ill mlig<a yniixig.(etal., 1992
adadall alisll Jil<Gg goil dulin alga "humidifiers mlibs yall g gusaill (algal g materials
algall yamiwi "wily hdll Linguad" ddudall alisl<ll ol cilaal jall o il (Hansen, 1999)
(Price et al., 1994,) can<ill 3 ygabls cilibs yollg duggill cilais g dualusall

al<iiall
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(Aol e iy rayngiyiSOU g sy hadll gy ) €=V g V=0 gy iSull el §A oaal dygie
Positive hole correction tables wladi uly lgain a9 19 ySuall il yagiwuglla ¢ o
23S 35 e @3 (CFU/M?) clggll (on "/3 saially 345 il Cilus g (Andersen, 1958)
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{(Macher, 1999) Lalallg SLalall clggll 6 3aslgiall

Microbial —contamination index g sSuoll figlill yiiga
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(>ira9y<aa A (e 31ST g I elasd kot slggll 6 T 0/8 yasima £€.) g V0.1 nilpuS s
(Aloill Lo (yiragySaa A sa saSl g Jil plandll "a/s yosinia 1.9 9 VO E.A g lgill le
Sya el dwill yivagSaa A ca J8l plaa ¥l il iy aginiS¥ Al (a Al clogll b
oLl lgelly 7474 —04 g (LAl elggll ZAV.A=TT (yus Lo cingl
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I/O ratios La ylall Al SAAladl clggll 6 dung ySuoll Ja¥all ol uS 4 ci¥ase ;¥ (<

daywigig VYA - vV 0 G Lo s laldl o adaladl ainll Ly i<l o algh i¥a w0 coaglyl
AlisaneginiS¥ gV, Y" ) jgladidaiiugigV - +.VEA i caglyiadaabigdaalllal ¢ «TVA
Ssball &g lill yo innagag e Jala V. VA b g g V.Y - .00 (i aglyi ¥y =4
AV J<) aalalall adnll olivaiegiyisylg

ol ydilillg amplifiers o), 1<4llg reservoirs sl il yall ool (a dua yladl dtunll 4 aiss
Lgiiggi @iy i yiliay plaallg (Burge, 1995) daidall duall sLisI<1l disseminators
00 dilill Sloraall’ 5i¥gug lgaull g Liagl Lizudag (g9l yamall canSill plhadiily L<Syil<ie
Oou S S danaladl dudl 2 e aoliis ddAlall diundl e "clggll 6 ddll=ll danglgns yalan
28 glga¥lg l 1S 41l Lo dulala 2iglh yalaa agag ddla o Lal (glga¥lg cl 1aS yill (e Ly 4%
(Brunekreef et al., 1989) dus ;Llall ainll (s 2y

o¥aza (V aladiwl Loy ydig Llglit (s Say dalalall & il 6 & dysall slisSISU (o s =il
el yn (Y g cdanladl g aulalall aindls glgd¥) ddslaa (Y dan Al 11 dulalall dinll ol 5 il
oAl aadalall dinll oS il Jaga aluws @5 dowlyalloda 6 g g ySuoll J5¥allagag
daznlall dageill aclui fua dulalall dindly a9 5Saoll Siglill yaunn agag (o Baaill daaylAdl
Lal "\ " iy &5 Jasoll o5l by Lleg calalall 1 dasladl diuldl e ci¥gaig salgudl Joda le
J-8y a9 cdggally Gt SLISH Joaas (an<ill)an<yilSioll duggill doksil agag dls 6
Jasall 2 yis adalall dtully 95Sie Sl yalan agag pae ddla 69 V' (e Jazall
Jaxa g diladiilg Glaaidl Lghalii )Y clggll tiligSe (o (g yaga ¢ Ly il puisi M\ e
Lal o[\ Jgaa) daalallaindl 6 lel Jagas aagi ol skl (s g (Burge, 1995) dugeill
9 «s3A Hldasd (oo slIAT 0lg "V e lel ci¥agay Bun )y 488 SiliviiiagiyisYlg ol shasll
o8 aLuls iliy wiiaginiSYI (Ensign, 1978) dulalall diully ciglill jalan agag le yiga olla
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Sg-li jabian agag le 1o iz dulalall dindly laaalyls g dasyAdl g daldladl dinlly <lgell
ilinaginisy¥lg ail yaall ilKg gail @ide o3 ol yauall canill g (ACGIH,1999) dlala
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1y @iy @ 4+ nl< b (Firmicutes) ol yad dasgall Ly i<l Lol o lgill Lo (aslallg
201S gl Ly i<yl (Y JSi) al ol dungoll L i<l iy 23 @i Lais gl o dllaal) Ly i<yl
iSYI eil<e Micrococci Lal ¢ aylallg AAladl clgglls 7Y =Y 0 IS i daaa 1Ll 4SYI
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oaoladly Lalall clogll day2all LyaiSull ciuns g gloil . ¥ JSi
Micrococci Ly i<y ¢ calaal yall 2aa ST gl yLiniil 4 $SY1 il ol yad dangall b yniSull dcgana
Staphylococci g Micrococci ;] ciaa (Flannigan et al., 1991) dulalall aiudl o |HLiis) (i<y]

@l sl daagall Ly yisull g (Chen and Hildemann, 2009) shed skin scales alall alayiya
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Ly 52i<ull Lol (ACGIH, 1989) oasall duggill pac Sle Jula lavngag g dileall milipyll 6 angi
Ladila g daaylall g dnlalall dinlly 3, diiin Lo g dafull Jalgell degliall Sl (o duguasl
LSl aga g "dUSty” ausia atull ol Gle siga Laagag g «duyi¥l ao &ilea ol ddunile (o<
sl 6315l BglillS gale yué salian sg-ag I il Sie y2die Slarie 6 ol yad dalluall
025y olia agag gl oliall &l ygas ey yenil A gl (iaral ol (va Lill 131 ga Cizaiy
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sis¥l Aspergillus niger LS «sgl yasall ansill laioll aalll (oo dg 3ol by haall danuilly
Sterile hyphae, yeasts, , Penicillium, Eurotium , Aspergillus flavus, aa y @i Liayl o Ll

Rhizopus, Aspergillus sydowii, Aspergillus fumigatus, Emericella
OLS Lains +,0A Laslall g Slaladl slggll e g isall by shadll glgil (s BLas¥l Jalse LS
oot all el ol Gle Jula canSEll larall caulll g LA slggll (e dlg 3=all glga¥l Gy v, 0
Eloil sy LAl elgglly sy hnall elg il slael - Lislagl 193 by (5ol yasall apy<ill
daiiall by sladllS «ilyall -6 oliall cisaud 392 9l dygla sll oaly3l JA¥AS @adivi oy yladl
o yladlg dnlafall Atull ol yhaall gle sl aalall dinll 6345l 130l g & snall agounll
@ daulyall oo a9 (AAAAIL 1996) jauaall o doaladl il wsls 1) Jla 6 dgalisia
Emericella, Eurotium, Aspergillus Lging dullell dugln JU dunall oly yhasll glgil (asy aun
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Horner ) za =L asliy g cversicolor, Aspergillus ustus, Stachybotrys, Acremonium,Yeasts
sl il yhaa (\ :daaglg<¥l daalill (oo cilegonn ¥ L) alyhall @ud fus (et al., 2004
Soil aill by yhaa (Y (Alternaria g Curvularia ¢ Cladosporium (e Phylloplane _iL.ill
Water oluoll &l yinga ol shaa (Y g Aspergillus ¢ Paecilomyces ¢ Penicillium Jo-iuig fungi
algoll e (insi g Ulocladium g Stachybotrys g Chaetomium ylas Jasivig indicator fungi
M yomiwi il glgi¥l (v e 9o g EpicOCCUM ylaé auny o .dullsll water activity cla
Cma g oailll dgla Il Lo Jula Stachybotrys g ag (Hoekstra et al., 1994) o n<ill
2929 Lal cslggll I & ouinl 39 ol ylui Il pLixg g cracks (ggd il yasiwi il ol ylaall
Lacey, ) alalall dinll oluiall (soinaoaluy Lle yigasa Eurotium, Aspergillus, Penicillium
2ol sii g (lisiuiaginiSYI ayy=i @iy @ daulyalloda 4 (1980, Andersen et al., 2011
dpnliundl (al pal vl g cdusty odoral yill daslys juaiig « yitag sSun Y-\ (i lgasilya plaal
(Prazmo et al., 2003, Taha et al., 2007 )

Ji¥a Ll a d<iiala e¥l ¢y o/ 4=V yiragySia A (a8l daSualisag ¥l plaa¥l o< &
pilogll sdlaygall 1l Ygung (solsll auditll Hlgall Lgdl Al dunyé (30 233y Lan g s<sall
ign g &ty (s &Me cllio uyd ad yiall dpsubuaall g ditll jlgall Sllgill duue
o Sl byl zie ;8 159 awly Snsill g (yiieg ySue A (o S8l Slapundl &l S yig dardd]
Pastuszka gwe dulyall oo &ilis aslit g (duyglilis yidag aulll (po dduln du (4Y (yitag Sun A
Wy shadll Ve g Lyniull 7 04 JS 5 48 Diifall Slapsusdl ol aag sadlg (Yo v v) (g 4alg
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Summary
The microbiological safety of food has become an important concern of consumers,
industry and regulatory agencies. Saudi authorities give a high priority to protecting
Makkah visitors during seasons from microbial contamination of food supply. Bacteria
like Salmonella and E.coli are the most common cause of food poisoning and were
being reported as one of the commonest pathogen agents with major impact on public
health. In this study, 150 food samples were collected from Makkah restaurants during
Ramadan 1435 H and tested for presence of Salmonella and E.coli by two different
methods, culture and PCR. Results showed that 44 (227.) were positive for both
Salmonella and E.coli by culture and 47(31.17) out of 150 were by PCR. E.coli was
detected equally by both methods (87.). Salmonella detected by culture was 21.37.
while by PCR was 23.37.. We concluded that food pathogens incidence could be higher
during seasons (Ramadan), and PCR was rapid, simpler method that allowed the
detection of Salmonella spp and E.coli within a maximum of 12 h from the receipt of

food samples.
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For Salmonella sp
A 50pl PCR mixture contained a 5 pl of DNA template, 1ul (100 pmol) of each primer and a
25l of Tag PCR Master Mix polymerase containing 100mM Tris-HCI, 500mM KCl at pH 8.3 at
20¢C, 1.5 mM MgCI2, 200M each deoxyribonucleoside triphosphate and 0.025U Taq
polymerase (Qiagen, USA). Amplification of DNA was performed using Mastercycler personal

PCR machine.

heat denaturation at 95+C for 5 min, followed by 35 cycles (90 s at 95¢C, 60 s at 62¢C, and 90
s at 72¢C), and an elongation step of 7 min at 72¢C. The primers used were Salm3 (5'-
GCTGCGCGCGAACGGCGAAG-3') and Salm4 (5'-TCCCGGCAGAGTTCCCATT-3'), which

amplify a 389-bp fragment within the conserved invA gene sequence of Salmonella spp.(21)

For Path. E.coli

A 50ul PCR mixture contained a 5 pl of DNA template, 1ul (100 pmol) of each primer and a
25ul of Tag PCR Master Mix polymerase containing 100mM Tris-HCI, 500mM KCl at pH 8.3 at
204C, 1.5 mM MgCI2, 200M each deoxyribonucleoside triphosphate and 0.025U Taq
polymerase (Qiagen, USA). Amplification of DNA was performed using Mastercycler personal
PCR machine.

heat denaturation at 94+C for 5 min, followed by 35 cycles (60 s at 94¢C, 60 s at 65¢C, and 60
s at 72#C), and an elongation step of 7 min at 72¢C. The primers used were Afa FP (5' GCT
GGG CAG CAAACT GAT AAC TCT C 3') and Afa RP (5' CAT CAA GCT GTT TGTTCG TCC
GCC G 3'), which amplify a 480-bp fragment within the conserved Afa gene sequence of
Pathogenic E.coli. (22).
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Data of culture and PCR results were tested for correlation (spearman, s rho) and analyzed by

computer using statistical package for science (SPSS) version 21 program.
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Lane 1: Control positive.

Lanes 2, 3, 4, 6 and 7: positive Afa gene of E. coli strains (480bp).
Lane 5: control negative.

Lane M: 100-bp DNA ladder.

Salm 389 bp=1

da e eI o Il a2y SLaalwill el iailly Maigollwll Jala aal i (V) J< i
52 313 389 @any (Salm)Jl cas gan fua (71 ) 39 a Yl

Lane 1: Control positive.

Lanes 2, 3, 5, 6 and 7: positive Salm gene of Salmonella strains (389 bp).

Lane 4: control negative.

Lane M: 100-bp DNA ladder.
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Step 1: Read: distance to object.
Step 2:  If distance > 50 cm
Move, or , keep velocity of 0.5 m/sec
elseif 40 cm < distance <= 50 cm
Decrease velocity to 0.3 m/sec
elseif 25 cm < distance <= 40 cm
Stop all motions

Step 3: Gotostep 1
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DC motor parameters SLiseSl sgigall sulsa

V=12V
Ki=1.188 Nm/A
Ra=0.156 Q
L,=0.82 MH
J,=0.271 kg.m?
b,=0.271 N.m.s
Kp=1.185 rad/s/V
n=1

r=0.075m,
Joquy kg.m’
Dequy N-m.s

L=0.4m

Kiac=12/6.667=1.8 rad/s

wm=speed/r, rad/s

Tsh aft
n

Tshaﬂ

Input voltage to DC machine

Motor torque constant

Motor armature Resistance

Motor armature Inductance,
Geared-Motor Inertia

Viscous damping

Back EMF constant,

Gear ratio

Wheel radius

The total equivalent inertia,

The total equivalent damping,

The distance between wheels centers
Tachometer constant,
=0.5/0.075=6.667 ,also 1/0.075=13.3333
The torque produced by motor

The transmission efficiency

The torque, produced by the driving motor

Nominal values for Solar vehicle platform ity  <uii<uol erontll piza

M,m, Kg
C4=0.80
Co
Cr=0.5
p, kg/m?
a, m/s’
G, m/s?
N, m/s
«, Rad
B

L

A

The mass of the mobile platform
Aerodynamic drag coefficient

The coefficient of lift, with values( C, to be 0.10 or 0.16),
The rolling resistance coefficient
The air density at STP, p =1.25
Platform linear Acceleration

The gravity acceleration

The vehicle linear speed.

Road slope or the hill climbing angle
Mobile platform's reference area
lift,

Platforms frontal area
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TTotaI

Proportional gain

Integral gain

PI controller zero

The power available in the wheels of the vehicle.

The total resistive torque, the torque of all acting forces.

Solar cell parameters  aiging o<t aulall ,ulza

Isc=8.13A,2.55A,3.8

1A

lon A

Eg:=1.1

V, =KT /q

Is ,A
Rs=0.001 Ohm

Rsh=1000 Ohm
\

g=1.6e-19C
B,=1000 W/m?
B =B=200 W/m?
Ki=0.0017 A/-C
Vo= 30.6/50 V
Ns=48 ,36
Nm=1, 30

K=1.38e-23 J/oK;
N=1.2

T= 50 Kelvin
Ter=273 Kelvin

The short-circuit current, at reference temp 25°C

The output net current of PV cell (the PV module current)

The light-generated photocurrent at the nominal condition (25°C and 1000 W/m?),
The band gap energy of the semiconductor

The thermo voltage of cell. For array :(\/t =N_KT /q )

The reverse saturation current of the diode or leakage current of the diode

The series resistors of the PV cell, it they may be neglected to simplify the analysis.
The shunt resistors of the PV cell

The voltage across the diode, output

The electron charge

The Sun irradiation

The irradiation on the device surface

The cell's short circuit current temperature coefficient

Open circuit voltage

Series connections of cells in the given photovoltaic module

Parallel connections of cells in the given photovoltaic module

The Boltzmann's constant

The diode ideality factor, takes the value between 1 and 2

Working temperature of the p-n junction

The nominal reference temperature

Buck converter parameters Jsaali iz

C=300e-6; 40e-6 F
L=225e-6; .64e-6 H

RI=RL=7e-3
rc= RC=100e-3
Vin= 24V
R=8.33; 50hm;
Ron=1e-3;
KD=D= 0.5, 0.2,
Tt=0.1, 0.005
Vi

I

Capacitance

Inductance

Inductor series DC resistance

Capacitor equivalent series resistance, ESR of C,
Input voltage

Resistance

Transistor ON resistance

Duty cycle

Low pass Prefilter time constant

Voltage across inductor

Current across Capacitor
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Abstract

Qualitative Geographic Information Systems (QGIS) represent one of the specialized
dimensions of qualitative research in general. It is primarily recognized as an alternative
or complementary to the traditional Quantitative Geographic Information Systems
(GIS). Quantitative analysis is a vital function in traditional GIS. However, qualitative
data analysis has not been widely implemented in GIS.

The current study presents general overview for Qualitative Geographic Information

Systems (QGIS) in hajj and omrah research.

Keywords:
Qualitative Geographic Information Systems (QGIS), Qualitative Research, Hajj and

Omrah.

This study was funded by the Custodian of the Two Holy Mosques Institute of Hajj and Omrah
Research, Umm Al-Qura Universily, Makkah, Saudi Arabia
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Abstract
Annual pilgrimage to Makkah (Hajj) poses a challenge to the Saudi authorities. Disaster
management planning is a difficult task for emergency responders in Hajj. This paper
introduces the concept of infrastructure interdependencies to the area of Hajj Disaster
Management. It explains the basic concepts, techniques and challenges of its applications.
Also, it proposes the use of input-output simulation models in building a Decision Support
System for its application in Hajj disaster management.
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Abstract

Usually, Lightning is accompanied with thunderstorms; such cause rain and floods, also
fires specially in dry climate. lighting is very spectacular and hazard phenomena, which
need to be investigated before it happens. Recent global meteorological and
climatologically changes have been taken throughout the world due to many phenomena as
well human actions. These metrological changes have led to the development of many
thunderstorms over Saudi Arabia in general and in specific to the areas that were known
with low Isokeraunic level (number of thunderstorms days per year) such as the western
portion of the Kingdom.
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Worldwide, lightning thunderstorms accounts for most of the power supply interruptions in
power lines. In the U.S.A. alone, an estimated 30% of all electric power outages related to
lightning every year, with total costs approaching one billion dollars. This includes
equipment damaged, loss of lives etc... during thunderstorms. In most area of the world,
an indication of lightning activity may be obtained from Isokeraunic data Maps.
Thunderstorm days (TD) maps have been developed [1] in different areas of Saudi Arabia
specifically those where lightning strikes are more likely to occur has been determined.
The Presidency of Metrology and Environment (PME) base the results of what established
in this paper on data and records available on lightning incidence in Saudi Arabia.

There have been many recent heavy thunderstorms development come about during the
Hajj season, need to be carefully evaluated and assessed for many reasons, mainly for the
safety of pilgrimages, avoiding fires, and floods. The Hajj season proscribed by the lunar
system, which makes it happen in different climate season, which is based on Gregorian
calendar.

PME, which has been established since 1951 do make records and data, bases of different
climatology and metrology parameters for weather and environment in Saudi Arabia. Only
weather information can be observed on-line at many locations of the Kingdom. The PME
has no on-line thunderstorms and lighting detection or warning systems, by which it can
predict the development and characteristics of lightning as well as send warning to
surrounding inhabitable places about the approaching of severe lighting thunderstorms.
This paper presents Isokeraunic developed maps to indicate the thunderstorm days
distribution all over the Kingdom, it also presents layout early warning for thunderstorms
on-line detection network system that may assist pilgrimages during the Hajj
and Umrah periods for more safety, electric outages and other safety warnings.

Definitions

Flashover (General). A disruptive discharge through air around or over the surface of solid
or liquid insulation, between parts of different potential or polarity, produced by the
application of voltage wherein the breakdown path becomes sufficiently ionized to
maintain an electrical arc.

Isokeraunic (or Isoceraunic).The number of thunderstorms measured daily (Td/yr) i.e.
Kampala, Uganda 185 Td/yr; Florida 110 Td/yr.

Lightning flash. The complete lightning discharge, most often composed of leaders from a
cloud followed by one or more return strokes.

Lightning outage. A power outage following a lightning flashover that results in system
fault current, thereby necessitating the operation of a switching device to clear the fault.
Ground flash density (Ng). The average annual ground flash density is the number of
lightning flashes per square kilometer per year.
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Abbreviations

GFD ground flash density

GIS geographical information system

HV high voltage

IKL isokeraunic level

NASA National Aeronautics and Space Administration
NLDN National Lightning Detection Network

OTD optical transient detector

PME Presidency of Meteorology and Environment
SEC Saudi Electricity Company

TD thunderstorm day

Introduction

The direct danger posed by lightning strikes warrants a better understanding of the
phenomenon. Characterizing the spatial and temporal distributions of lightning is
fundamental to understanding the phenomena and mitigating its negative impacts on
human life. It is well known that lightning accounts

for most power supply interruptions in power lines and is one of the leading causes of
disturbance in transmission and distribution systems. In the US alone, an estimated 30%
of all electric power outages are related to lightning every year, with total costs of loss
approaching one billion dollars.

This includes damage, equipment loss and loss of life during thunderstorms. In most areas
of the world, an indication of the lightning activity may be obtained from Isokeraunic data
(thunderstorm days per year). Technological developments over the last 30 years have
made remote sensing of cloud to- ground lightning a possibility (The IEEE Working Group
2001, De la Rosa et al 2000, Whitehead et al 1993, Anderson et al 1984). This relatively
new data source has improved spatial and temporal studies of thunderstorm occurrence,
increasing our ability to mitigate the risks posed by lightning and, moreover, assist
meteorological centres and utilities to better improve prediction, designs, operation and
safety -(De la Rosa et al 1998).

Mapping and contouring lightning flash densities (Ng) are improved when finer grids are
implemented in many studies, and allow for realistic visualizations of local scale lightning
distributions, important in risk assessments. Other regional lightning studies have made use
of high spatial and temporal

resolution analyses (De La Rosa et al 1994). In Burrows et al (2002), Petersen and
Rutledge (1998) and Boccippio et al (1995), cloud-to-ground and intra-cloud lightning
were studied over Southern Ontario and the adjacent Great Lakes as well as other places to
investigate the development and evolution of thunderstorms. The temporal analysis of the
lightning activity combined with flash density analysis lends insight into the dynamics of
storm events in this region and supports the utility of lightning data in local thunderstorm
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research; others have also explored the influence of latitude and climatology on lightning
distributions (Burrows et al 2002, Janischewskyj et al 1998).

The initial idea of this lightning research can be traced back to 1995 when the author was
contacted by farmers, and an individual who reported the loss of human lives and also fire
in palm trees in different areas of Qaseem, and Taif. In the Central Province city of
Qaseem, it was reported that some livestock were struck dead by lightning. The author was
also contacted by many engineers and other technical personnel who described the
lightning damage to valuable distribution equipment in different industrial locations. The
large amount of losses resulting, and reported, triggered a systematic investigation of the
frequency, distribution and Iskeraunic level maps for lightning in Saudi Arabia. Although
recently, more lightning data have become available from a variety of other sources, there
is as yet an insufficiently long period of data on which to obtain reliable averages.

Also, the author assisted the Power Technology Inc. (PTI) team in their study of lightning-
related problems in the southern area of Abha where a large number of distribution
transformers were burned, largely due to the use of old Td/yr data taken from the world
Meteorological Organization Isokeraunic map of thunder days (1956) as shown in figure 1
(IEEE Standard P1410 2001). This map shows that Saudi Arabia has approximately 5 to 12
thunder days per year, but this is not accurate at all, as compared to the latest results of
mapping thunderstorm days in Saudi Arabia.

Figure 1. World Isokeraunic map (WMO 1956).

For this reason, the lightning activity continues for the present to be represented by
thunderstorm frequency, which is routinely recorded at meteorological observation sites
(WMO 1956). Thunderstorm occurrence at a particular location is usually expressed as the
number of days in a calendar year when thunder was heard, averaged over several years.

Thunderstorms are spectacular but hazardous weather phenomena which, together with
developments of high gusty winds and notable decreases of temperature, top the list of
concerns in the Presidency of Meteorology and Environment (PME) and Saudi Electric
Company (SEC). PME has no documented records of actual lightning losses. To date, the
PME does not use real time detection and monitoring networks, and still uses human
observers at its 28 locations scattered all over the country (http://www.pme.gov.sa/). The
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PME is working to acquire a more advanced online prediction and alarm network for the
country. This was triggered by the latest serious thunderstorm, where high winds and
heavy rainfalls in Makkah (December 2004 and thereafter) caused the deaths of some
pilgrims and stranded students in schools etc... At present, PME provide monthly and
annual data for each year from 28 locations. Some stations have reported over longer or
shorter periods ranging between 19 and 24 years (http://www.pme.gov.sa/).

Lightningisafascinating phenomenon.Forasmallnumber of scientists around theworld, it
has been a primefocus of studyfor many years. As a result, the meteorological
community is benefiting from a variety of innovations in lightning detection. All these
technologies, which come from various sources, are helping to improve daily
observations of lightning events and improve safety warnings for people and assets. An
ideal situation would be when the world has no casualties due to lightning. But at present
it is estimated that globally there are 24,000 fatalities and 240,000 injuries each year due
to lightning, although these statistics are verydifficult to verify (Holle,2010). In

addition, many billions of dollars in damages and avoidance costs are incurred
internationally every year.

Each year new research further evolve detection technology ,and new competition helps
to push the members of the lightning detection community to keep challenging each
other.All companies is no

exception to this research initiative; they have beendeveloping lightning detection
equipment for years, and have produced many generations of lightning detection
equipment.Some company’s lightning detection sensors are currently operating in more
than 60countries;they have helped tosave lives and also improve operational efficiency at
weather-critical operationally based facilities such as

airports, powerutilities, mining operations,offshore platforms, and wind energy parks, as
well as many other  different applications. Lightningdetectiontechnologystarted
withvariousmethodologies. It beganby wusing the wvery low-and low
Lightningdetectiontechnologystarted with various methodologies. Figure 2 illustrates one
of such developed sensors.

L

Figure 2 Some sensors for lightning detection
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Geographical and meteorological peculiarities of Saudi Arabia

Saudi Arabia is the largest country of the Arabian Peninsula. It lies between 18- and 35° N
and 36° to 48 E. Geographically, the location of the Kingdom categorizes it as a tropical
to subtropical desert. All the major sand deserts of the world fully or partly lie in the
Kingdom and 40% of its area is covered with eolian sand. The climate is influenced by its
tropical desert features (hot, dry hot air masses dominate throughout the year mild winters
and very hot summers, and little precipitation (generally <10-20 in.)) and by its location.
The Kingdom’s aridity index (2.6) indicates true desert conditions. Because of the general
aridity, Saudi Arabia has no permanent rivers or lakes. The Kingdom’s terrain is mostly
uninhabited sandy desert with elevation extremes: the lowest point is the Arabian Gulf, 0
m, whilst the highest point is Jabal Sawda’ (south),

3133 m (http://www.pme.gov.sa/).

Wind development

Located along the coastal region of the Arabian Gulf, Saudi Arabia is under the influence
of tropical pressure in winter and Asian low pressure in summer. The average direction of
the surface wind is closely related to the pressure distribution. Wind tends to flow from the
high-pressure towards the low pressure region. This pressure difference is created in
different ways. For instance, during the summer, warm surface air rises and creates a low-
pressure area along the Arabian Gulf coastal region. The wind blows from the
Mediterranean Sea, which is a high-pressure area. The barren land surface of the Jafura
sand sea area has a much smaller specific heat, and becomes warmer, creating a low-
pressure area. During the spring period, the temperature increases and the pressure
distribution changes (Fryberger and Dean 1979). A low-pressure region develops over the
Arabian Gulf; strong wind blows from the Rub’alkhali (‘empty quarter’) towards the
southwest of Saudi Arabia.

This northerly strong wind, locally termed a shamal, often blows continuously for two to
three days several times in a month during this period. This strong wind has great potential
to blow sand. The autumn months of October and November are again a transitional period
during in which the temperature begins to drop and the relative humidity begins to rise.
During this period most of the Arabian Gulf coastal region remains hot. However, the
Asian low-pressure area weakens and by November the hot wind is replaced by cool and
dry wind. In the winter months of December, January and February, the wind behavior in
most parts of the kingdom is dominated by the high pressure. When this wind passes
through the Arabian Gulf the relative humidity rises and causes rainfall in and around the
coastal region of the Arabian Gulf (Saudi Arabia Atlas 1989, Fryberger and Dean 1979).

Temperature and rainfall

Along the coastal regions of the Red Sea and the Arabian Gulf, the desert temperature is
moderated by the proximity of these large bodies of water. Temperatures seldom rise
above 38 °C, but the relative humidity is usually greater than 85% and frequently 100% for
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extended periods. This combination produces a hot mist during the day and a warm fog at
night. Prevailing winds are from the north and, when they blow, coastal areas become
bearable in the summer and even pleasant in the winter. A southerly wind is accompanied
invariably by an increase in temperature and humidity and by a particular kind of storm
known in the Gulf area as a jauf. In late spring and early summer, a strong north-westerly
wind, the shamal, blows; it is particularly severe in eastern Arabia and continues for almost
three months. The shamal produces sandstorms and dust storms that can decrease visibility
to a few meters (Saudi Arabia Atlas 1989).

A uniform climate prevails in Najd, the Al Qaseem Province, and the great deserts. The
average summer temperature is 45 °C, but readings of up to 54 -C are common. The heat
becomes intense shortly after sunrise and lasts until sunset, followed by comparatively cool
nights. In the winter, the temperature seldom drops below0 °C, but the low humidity and
the high wind-chill factor make a bitterly cold atmosphere. In the spring and autumn,
temperatures average 29 -C.

The region of Asir is subject to Indian Ocean monsoons, usually occurring between
October and March. An average of 300 mm of rainfall occurs during this period—60% of
the annual total. Additionally, in Asir and in the southern Hijaz, condensation caused by
the lifting of air in higher mountain slopes contributes to the total rainfall. For the rest of
the country, the rainfall is low and erratic. The entire year’s rainfall may consist of one or
two torrential outbursts that flood the Wadis (valleys) and then rapidly disappear into the
soil to be trapped above layers of impervious rock. This is sufficient, however, to sustain
forage growth. Although the average rainfall is 100 mm per year, the whole region may not
experience rainfall for several years. Some droughts occur, as they have done in the north
of the country.

The eastern region, being host to the largest sand desert the Rub’ al-khali, cities such as
Jafurah and Dahna are representative of the world’s arid region. There are essentially two
prime factors responsible for the development of climatic aridity: the relief and distribution
of the land and sea, and the nature of the general atmospheric circulation and associated
ocean current. In some parts of Rub’ alkhali, no rain has been experienced for the last ten
years.

The rainy season extends from November to April with the heaviest rainfall occurring
during January and March. During the summer, the area remains dry and hardly any rain is
recorded.

Mapping and analysis

The spatial analyses were performed using ESRI ArcView 3.2 GIS software. Data were
aggregated by displaying long-term lightning data in units of thunderstorms per square
kilometer based on grids superimposed on the study area. Thunder day (Td/yr) maps were
created to show the daily frequency of

lightning events across the study area for each year of the study. The thunder day is similar
to the traditional meaning given by National Weather Service ‘thunderstorm day’, defined
as the number of days that thunder is heard at a weather observing station. The
thunderstorm day is logged by observers and is prone to human error (Janischewskyj et al
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1998, De La Rosa, et al 1994). Total thunder day maps were created for the entire country
for the average of all years. Lightning data for this study were collected from three sources,
mainly to validate the raw data collected by PME observers rather than detection systems.
The source data are from PME and NASA. The latter source is used for the validation of
PME data and for the development of a map of thunderstorm climatology. Figure 3 shows
the newly developed thunderstorms day per year for Saudi Arabia.

The method for getting any contour is to enter the coordinate of any city and determine the
number of months in the desired period. In Saudi Arabia, the seasons are defined as
follows:

1. Winter months (December, January, February).

2. Spring months (March, April, May).

3. Summer months (June, July, August).

4. Autumn months (September, October, November).
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Figure 3. The annual average thunderstorm distribution in color contours in thunderstorm
days per year.
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The analysis was done to produce a gridded This information is developed in a formal map
using GIS, showing the total number of thunderstorm days expected annually, averaged
over a number of years for the spring season (March, April and May), during which the
highest thunderstorm frequency occurs (figure 4). In contrast, there are fewest
thunderstorm days in the winter season (December January and February), as shown in
figure 5.

It is obvious that, the highest concentration of thunderstorm days (Td/yr) during the whole
year is found in the southern and mountainous regions such as Taif, Abha and Al-Baha. In
contrast, the concentration of Td/yr is very low on the coastline of the Red Sea e.g. at
Jeddah.

Moreover, the seasonal average within this study period was established in separate maps,
called IKL charts, also by using Arc View GIS. The charts do not give information on the
severity of lightning, that is, the density of lightning strikes, but supply valuable data on
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the relative probability, frequency and distribution of lightning in different regions of

Saudi Arabia.
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Figure 5. The annual avérage Td/yr level for the winter season (December, January and
February).

Nature and distribution of thunderstorms and Rain

In general, convection refers to the transport of some property by fluid movement, most
often with reference to heat transport. As such, it is one of the three main processes by
which heat is transported: radiation, conduction and convection.

Meteorologists typically use the term convection to refer to heat transport by the vertical
component of the flow associated with buoyancy. Transport of heat (or any other property)
by the non-buoyant part of the atmospheric flow is usually called advection by
meteorologists; advection can be either horizontal or vertical. Convection takes many
forms in the atmosphere. Severe convection is the variety of hazardous
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events produced by deep, moist convection. Severe weather events (large hail, damaging
wind gusts, tornadoes and heavy rainfall) are generally the result of the energy released by
phase changes of water (Williams 1991).

The weather of Saudi Arabia is characterized in the summer by cloudless skies and clear
visibility and no thunderstorms except in the southwest region. With the exception of the
province of Asir with its towns of Jizan on the western coast and Najran, Saudi Arabia has
a desert climate characterized by extreme heat during the day, an abrupt drop in
temperature at night and slight, erratic rainfall. Because of the influence of a subtropical
high-pressure system and the many fluctuations in elevation, there is considerable variation
in temperature and humidity. The two main extremes in climate are felt between the
coastal lands and the interior.

The location of Saudi Arabia is in the tropical overheated region with low clouds in the
summer which do not cause thunderstorms foremost of the seasons all over the country.
The clouds usually accumulate on the land in the winter and spring seasons. The exception
to this rule occurs in the southwest region because of the southwest wind from the cool
Indian monsoon carrying the clouds. The average annual number of thunderstorm days
does not exceed 30 over the majority of the land area of Saudi Arabia, except in the
southwest region where on some mountains it reaches 97 thunderstorms in a year; about
nine thunderstorms are more common on the coast of the Red Sea. In the winter, the
average thunderstorm day count on the coast of the Arabian Gulf is approximately five
while only two are observed on the coast of the Red Sea.

Thunder and lightning observations are more prevalent during the winter season in Riyadh
and vicinity, Dhahran and vicinity, Abha, Taif, Al-Baha and surroundings. In general, from
January to May thunderstorms are quite numerous all over southern, northern, central and
eastern regions in Saudi Arabia. They occur usually in the afternoons and early evenings.
The axis of maximum thunderstorm occurrences is located in a north—central-south
direction from Al-Jouf to Riyadh, to Taif to Abha in south in April. In May, the number of
days with thunderstorms is maximum for almost all stations, that is, 43, 41, 35, etc... as
shown in table 1 under the column for spring.

Table 1 shows the annual average frequency of thunder days over Saudi Arabia for the
period all the years. Clearly, thunderstorms are most frequent over the southwest portion of
the country, and generally decrease westward, with lowest frequencies at the coast of the
Red Sea. A secondary maximum is also apparent in the central west extending into the
northeastern cities of Qaseem and Haill, as well as Hafr in the east.
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Table 1. The smmal sversge tmder days (T4, ) and seasonal sversge: delzminad for all yeam.
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The peak frequency is in the vicinity of Abha, with over 80 thunder days a year. In the
remainder of the year dry, stable outflow from the subtropical high-pressure belt, which
normally lies over the country, inhibits convective showers and storms. Frequencies
generally decrease in the southeast parts of the tropics and the adjacent desert areas of
central and east Saudi Arabia. This is because the air, though often very hot, is generally
drier. The exception appears to be over central, eastern and northern Saudi Arabia where a
wide area experiences over 20 thunder days a year. However, many of these would be the
so-called ‘dry’ thunderstorms, with little or no rain, because the low-level relative
humidity tends to be low and acts to evaporate any falling precipitation.

History of disasters in Saudi Arabia

A hazard can be thought of as a potential risk endangering human life or health, property
or the environment. However, if this risk does lead to an incident, it is referred to as an
emergency situation or, if the damage is overwhelming, a disaster. Such events are often
the result of human factors, environmental hazards or natural causes. Although
considerable overlap occurs between these factors, there is usually one factor that
contributes significantly more than the others. This section will review hazards in Saudi
Avrabia classified according to the main contributory factor.
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Natural disasters

Saudi Arabia has recently become known for media-attracting incidents such as terrorist
attacks and major MV Cs. However, less attention has been given to natural disasters, even
though their incidence has been on the rise. Floods are the most frequently encountered
natural disaster in Saudi Arabia. They have been the cause of 7 of the 10 most damaging
natural disasters in the history of the country between 1900 and 2010 (refer to Table 2).
The reason behind floods being a major threat in Saudi Arabia is multi-faceted. Rains have
been relatively scarce in the area, and this has lead to the under-development of a proper
drainage system in the country. Compounding this problem is the geography of some of
the most populated cities in Saudi Arabia. Cities, such as Jiddah and Makkah, are on low
ground and are surrounded by mountains. When rains fall on these mountains, water runs
in valleys towards these cities. With poor drainage systems, this continuous flow of water
could easily lead to a flash flood.

Table 2 Top 10 natural disasters in Saudi Arabia for the period 1964 to 2010, sorted by the
number of people killed (source: International Disaster Database)

No. Killed Date Disaster
163 24/11/2009 Flood

76 11/09/2000 Epidemic
57 03/2000 Epidemic
35 9/02/2001 Epidemic
34 28/04/2005 Flood

32 24/12/1985 Flood

29 22/01/2005 Flood

20 4/04/1964 Flood

19 8/04/2002 Flood

12 11/11/2003 Flood

Hazards and Disasters in Saudi Arabia

Almost all major disasters in Saudi Arabia can be attributed to one or more of the hazards
and vulnerabilities mentioned in the previous sections. Unfortunately, there is no official
publicly-available database that keeps a record of disasters in the country. Most official
information available comes from newspapers local to the region where the disaster
occurred. The International Disaster Database (IDD) of the WHO provides the best record
of disasters in Saudi Arabia (International Disaster Database, 2010). For this section, data
recorded in the IDD have been compared to information published in the relevant medical
literature as well as in local newspapers around the time of any given disaster to check for
accuracy (2000, Aguilera et al., 2002, Almulla, 2008, Lerner et al., 2007, Thompson et al.,
2004). Table 2 shows the major recent disasters in Saudi Arabia.
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Management of religious mass gatherings (i.e. Ramadan and Hajj) has substantially
improved compared to the situation as little as 10 years ago. Recent developments, such as
Makkah metro and the flying ambulance, are projected to help and ease the trip of Hajj to
the millions of pilgrims every year. On the other hand, significant improvements still need
to take place before such facilities can be safely used on such a large scale. For example,
helicopter bases, where patients can be received and flown, have not been established yet.
This can prove difficult, especially with the already limited space available around the
crowded sacred sites. Some critics have argued that the establishment of a metro that runs
for only five days per year is a waste of money and resources. They have suggested that
the project should be expanded to serve during other busier times, such as Ramadan, and
serve potentially larger areas, such as between Makkah and Medina.

But still the threats of heavy rain and floods as well as thunderstorms and lightning that
will lose electricity still exists.

The following is a description of the most significant disasters in the history of Saudi
Arabia:

1964 rains: this is the earliest recorded account of a natural disaster in Saudi Arabia. Heavy
rains poured continuously on parts of the country leading to a flood that killed 20 people
and left about 1,000 people either injured or homeless. No further details are recorded.
Fire incident in Hajj season 1975: during Hajj season in 1975, a fire broke out in one of the
pilgrim’s tents near Makkah and quickly spread to other tents. The fire was caused by an
explosion of a gas cylinder, and led to the death of 200 pilgrims.

Ras al-Khafji thunderstorm: in October 1982, a severe thunderstorm hit Ras al-Khafji city
on the east coast of Saudi Arabia. Hail stones were reported to be as big as tennis balls.
This was followed by four hours of heavy rains. The net damage included 11 fatalities.
1985 flood: on 24 December 1985, heavy rains poured on north-western regions of Saudi
Arabia, leading to what has been described as the worst flood in the area in 50 years.
Estimates of damage were not recorded, except that there were at least 32 people killed
from the flood.

Stampede in Hajj season 1990: as pilgrims were moving between the sacred sites on the
second day of Hajj season in 1990, a massive stampede occurred in a tunnel south of
Makkah. The stampede occurred after what is thought to be a failure in the ventilation
system inside the tunnel. This led to the suffocation and death of 1,426 pilgrims, most of
whom were from south-east Asia.

Stampede in Hajj season 1994: During one of the rituals of Hajj, a stampede occurred as
pilgrims leaving the site crossed roads with those coming in. This led to a massive disorder
culminating in the death of 270 pilgrims, most of whom were trampled

Yanbu flood: heavy rains poured on western Saudi Arabia in January 1997, mainly
affecting Yanbu and peripheries of Jiddah. The rain lasted for 24 hours, killing 10 people
and causing damage to an area of over 130,000 km2 of land.

Asir flood: Asir is a province in the Southwest of Saudi Arabia. On Monday 25 March
1997, heavy rains poured on the region, leading to floods that resulted in 16 fatalities and
damaged an area of just below 100,000 km2 of land.
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Fire incident in Hajj season 1997: in April 1997, a gas stove exploded in one of the
pilgrim’s tents, leading to a massive fire that quickly spread to other nearby tents. It
claimed the lives of 343 pilgrims, and more than 1,500 were wounded. This stimulated
authorities to design the currently used fire-proof tents, as well as banning gas-operated
material.

Makkah 2002 flood: heavy rains started falling on Makkah area on 8 April 2002 and lasted
for a whole week. This led to flooding of water in some areas, claiming the lives of 19
people; hundreds of Makkah residents were rescued by the GDCD that week.

Makkah 2003 flood: not quite recovered from previous year’s rain, Makkah experienced
yet another heavy shower described as the worst rains in Makkah in 25 years. Water levels
were reported to have reached 6 meters. Twelve people were killed; however, estimates of
physical damage are not available.

Jizan 2004 floods: less than four months apart, two floods hit the Jizan region, leading to
what has been described as Jizan’s worst floods in 45 years. The floods left over 400
people homeless, killed 13 people and devastated many roads and farms.

Medina 2005 flood: very heavy showers fell on Medina region in January 2005. This
resulted in a flood that caused the Yatamah dam to fail, killing 29 people. Seventeen
people were injured, 50 were left homeless and 43 had to be evacuated.

Riyadh 2005 flood: heavy rains poured on the Riyadh region of Saudi Arabia, as well as on
other areas in neighboring countries (i.e. Oman and the United Arab Emirates). The
resultant flood claimed the lives of seven people; 700 people had to be evacuated via
GDCD helicopters and another 700 were left homeless.

Hostel collapse in Makkah: in Hajj season 2006, a hostel near the Holy Mosque collapsed
after a fire had spread in lower floors of the building. Most pilgrims were out in the
Mosque as it was time for the noon prayer. The collapse killed 76 people, most of whom
were people passing by the building, and another 64 were injured.

Jiddah 2009 flood: at around 6:30 a.m. on Wednesday 25 November 2009, rain started
falling heavily in Jiddah, and continued for around 12 hours. The amount of water in this
relatively brief downpour (around 90 mm3) doubled the average annual rainfall in Jiddah.
With a sound infrastructure and a proper drainage system lacking, this rain turned into the
worst disaster that Jiddah has experienced in 27 years or so. The downpour resulted in the
formation of water tides coming from the hills on the east of the city, heading west towards
the Red Sea and cutting their way through the city.

Several residential houses collapsed, forcing many inhabitants to upper floors and roofs.
Labs and databases at King Abdulaziz University and King Abdulaziz Hospital were
destroyed, wasting valuable resources, specimens and medical records.

Major roads of the city were blocked by meters-high of water waves or by cars that have
been washed out. As a result, thousands of pilgrims had to wait in buses for hours before
getting to Makkah for the first day of Hajj. Furthermore, King Abdullah Bridge on the
South of Jiddah had partially collapsed, adding to the chaos and fright to the situation.
Power and telecommunication services were not spared either. As early as 11 a.m., floods
had already resulted in a temporary power outage on the whole western region of Saudi
Arabia (i.e. Makkah, Medina and Jiddah). Many people were not even able to call for help
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as communication with emergency services (e.g. civil defense forces, police or emergency
medical services) failed due to the overwhelmed network and power outage.

Overall, 161 people lost their lives as a result of the floods, either drowning or from car
crashes. This disaster had an estimated cost of around US$900 million to reconstruct
Jiddah and help its victims.

Riyadh 2010 flood: on 3 May 2010, Riyadh city experienced a brief 45-minute water
shower, accompanied by light hail and winds gusting up to 24 km/hour. As brief as the
downpour was, however, it resulted in floods and car crashes across the city.

Local newspapers reported that at least two people were killed, and that the floods caused
around 275 car crashes. Even though King Khalid International Airport was not affected,
many people missed their scheduled flights due to poor road conditions. A survey
committee, appointed by the Governor of Riyadh, has started assessing the extent of and
the reasons behind the damage that resulted from the rain.

As far as managing natural disasters is concerned (especially floods), there has been
frustratingly very little done. This might be because natural disasters are still viewed as
rare and “low-impact” types of emergency. Also, trying to establish drainage systems in an
already heavily-populated city, such as Jiddah, has proven difficult. Many roads will have
to be closed down for extended periods; there is also little coordination between different
parties providing infrastructural services, such as power cables, telephone cables and
draining pipes. All of these factors have contributed to the delay in finding a solution to
such a significant threat. However, Jiddah 2009 floods have shocked policy-makers and
encouraged them to initiate new developmental projects and to hasten already existing
ones. All of this is in the hopes of finding a practical solution to prevent similar tragedies
in the future.

Proposed Detection and warning for Makkah Region

Lightning data services

The main lightning data services that can be used as part of a risk prevention approach are:
Lightning statistics

Statistics can be computed on many different lightning parameters once a large enough
database of information is available. Typically the lightning density (number of flash per
km? per year) and the flash current distribution are computed for a given area and time
period. This information allows characterizing lightning occurrence in one region and
comparing various regions or time periods. Lightning statistics are generally used as an
input to the risk assessment procedure. Figures such as the lightning density or Isokeraunic
level are taken in account in various models. This information is widely available and
essentially stable over time.

Early threat warning
Advance warning of approaching storms can be given by local detectors such as field mills

or electromagnetic sensors, or elaborated and transmitted by a Lightning Location
Surveillance System (LLSS) monitoring a given area. The warning information can be
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send to an operator that is allowed to apply ad-hoc procedures in order to take the
protective actions and modify the operations in progress.

Those procedures can cover the handling of dangerous products, isolation from the power
lines, crew or personnel displacements. In some cases, the warning information can be
automatically processed in order to modify a system configuration (start power generators
and isolate from external utilities, ...) The early threat warning information is a part of the
lightning prevention domain, allowing to reduce the consequences of an existing storm.

Real time visualization

The real time data provided by an Laser lightning sensors system (LLSS) can be analyzed
by an operator time in order to track the evolution of storms and adjust the operations of a
plant or network. The information provided by the LLSS is more complex than the simple
warning message described earlier, it is necessary to have some meteorological
background in order to interpret a given situation and decide the relevant actions. A
qualified operator is required.

This kind of organization, again part of a lightning prevention organization, is used when a
large area is to be monitored and when important resources are at stake. Typically, such an
organization is available in power line or telecom networks.

The Lightning Alarm Service

in lightning-prone regions of the world, airlines, airport authorities « and owners of small
airports need to ensure the safety of their ground crew employees while maximizing their
operational efficiency. Thunderstorms produce dangerous cloud-to-ground (CG ( lightning
that can kill or injure a person through one direct or indirect strike, with baggage and
cargo handlers, refueling personnel, and catering service personnel most at risk. When
lightning threatens « high-risk activities like baggage handling and refueling have to be
suspended until the threat has passed. Being able to accurately detect thunderstorms and
issue timely lightning warnings helps to improve airport safety and increase the time that
airports can be fully operational.

According to lightning safety expert Ron Holle, approximately 24,000 lightning casualties
occur worldwide each year. Although accurate airport-related statistics are virtually non-
existent, there have been at least 92 reported injuries and one death between 1991 and
2011. To address these safety concerns, Specialty companies created a range of airport and
large areas lightning warning systems (LWS), which combine lightning data with decision
support software that alerts staff when dangerous CG lightning is imminent.

The sensors detect lightning up to4,+ + + km from their location due to their sensitivity and
breakthroughs in sensor software algorithms developed by Stanford University. Each
sensor provides both direction and time-of-arrival information. Scientific studies have
shown that lightning networks using a combination Reduced monitoring area. This reduced
monitoring area provides improved operational efficiency through lower false alarm rates.
Figure 6 illustrates such monitoring system. These significant advances in lightning
detection will help Makkah region and vicinities to provide more accurate warnings and
improve their situational awareness. Most important of all, improved ground crew safety
and Hajj and Umrah operational efficiency is now possible worldwide.
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Operator of the French Lightning Detection Network has designed an Alarm service, a
typical early threat warning service, that allows to monitor it’s customer’s area and send a
warning message when lightning approaches it.

The area can be as simple as a circle or be defined with a more complex shape in order for
example to take into account the power lines feeding the site or the known displacement of
the storms in the customer’s region. The warning messages are sent by automated process,
by phone, fax or email. Customer specific agendas and scenario are defined and the
messages convey dedicated operational instructions. This warning message is the only
information users will receive as part of the service; no flash information or real time
display is available to them.

VHF signals are best for detecting IC lightning and VLF/LF signals are best for detecting
CG lightning . Combinations of these two technologies have proved to yield greater than
90% detection of total

lightning with channel mapping

Figure 7 illustrates locations of such monitoring system around Makkah area, such
locations were selected to monitor the most frequent thunderstorms blows.
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Figure 7 Proposed Lightning detector locations For Makkah Region

Total Lightning Sensor LLSS combines VHF interferometry with LF magnetic direction
finding and time-of-arrival technologies for the highest level of total lightning mapping
detection capabilities with calibrated lightning parameters. Total lightning mapping
provides the information to improve warnings and situational awareness. This can yield
improved operational efficiency with less downtime and fewer false alarms all without
jeopardizing safety.

Summary and concluding remarks

New maps is to provide and establish lightning and thunderstorm records, and to map
observations from the PME of Saudi Arabia for the purpose of research, and for PME and
SEC operational applications. Data from 28 observation sites were collected and analyzed
and these observations have been validated. The distribution of deep moisture, and in
particular, latent heating in deep convection, is critical for accurate forecasts of
cyclogenesis.
measured by an online detection network such as NLDN and convective rainfall obtained
from PME records and sensors for a variety of storm systems. The relationships between
lightning, thunderstorms and rainfall may vary significantly, depending on air-mass
characteristics and cloud microphysics (Dai 2000). Our findings and results indicate that
the new annual and seasonal thunderstorm data are of interest to both
the PME and SEC. Using the established Td/yr database, Civil forces, public, engineers
c... line engineers can develop safety measures and have time to protect selves etc...,
which are an essential consideration in the safety and avoiding disataters..
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* The highest concentration of thunderstorm days during the whole year is found in the
southern and mountainous regions of Taif and Abha, while the lowest is along the coast of
the Red Sea as in Jeddah.

Such have a main contribution to the Thunderstorms that blow on Makkah and vicinity.
 The average annual thunderstorm day counts do not exceed 30 thunderstorm days over
most land areas of

Saudi Arabia except in the southwest region where values reach, on some mountains, up
to 97 thunderstorm days per year. In contrast, very low values, around 9 thunderstorm
days, are observed on the Red Sea coast.

* The areas of maximum measured flash density were Abha, Taif, Khamis and Al-Baha
based on PME lightning records which are validated observations. In Abha, the maximum
flash density exceeds 12 flashes per square kilometer per year. Such it has an influence on
number of thunderstorms going to Taif and vicinity.

« The annual mean percentages of thunderstorm days per year, as well as the seasons for
the all stations of lightning records were represented in table 1.

* It is recommended that the PME acquires and operates a flexible and reliable lightning
detection and location system in order to take warning and protective measures against
lightning damage. Automatic detection stations are recommended to be installed at most of
the PME locations, more specifically in Taif, Tabouk and Central, Qassim to EW for
sharing his knowledge of semiannual effects and more, as illustrated in Figures 6 and 7.
Such systems will save human being lives and stocks as well as assets.
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Can patient's Nutritional Status and Nationality Predict the Cause of

Admission and Hospital Length of Stay of Hajj Patients Admitted at

the Medical Department in a Tertiary Hospital, Makkah
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Abstract

Hajj is the annual holly pilgrimage for Muslims coming from all around the world.
Makkah hosts 2-3 millions of Muslims during the month of Hajj; this increases the burden
on the health care facilities. The aim of the study was to assess the nutritional status and
nationality of Hajj patients admitted at the medical department, Al Noor hospital, Makkah,
and its relation to the cause of admission and hospital length of stay (HLOS). Patients and
methods: 163 patients were admitted during the hajj season (1st - 15th Zul Hijjah, 1430).
All patients were studied as regards the demographic characters, nutritional status, hospital
length of stay and cause of admission. Nutritional status included weight, height, mid arm
circumference, mid arm muscle circumference and triceps skin fold thickness. Results: The

mean age of patients was 59.4 + 11 yrs., and 57.7% of patients were males. Mean body
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mass index (BMI) was 23.8 + 5.6 kg/m2, (45.4% of patients had normal nutrition status,
23.9% had under-nutrition status, 18% of patients were overweight and 12.7% were
obese). The commonest cause of admission was respiratory diseases (44.2%) followed by
Gastrointestinal diseases (22.1%), Neurological diseases (11%), Diabetes Mellitus
complications (10.4%) and other diagnosis (12.3%). The mean HLOS was 3.9+2.47 days
and prolonged HLOS (more than 5 days) was reported in 17.8% of patients. HLOS was
significantly more in females compared to males (26% vs11.7%). The shortest duration of
HLOS was in normal BMI patients (3.64+2 days), while the longest was with the obese
patients (4.52+4.1 days). Patients' nationality includes 34 countries gathered in 6 groups:
31.9% of patients were from South Asia, 25.8% were from Arabic countries, 23.3% from
South East Asia, 11.7% from central Asia, 4.3% from sub-Saharan Africa and 3% from
other areas. There was a statistically significant increase of undernutrition in patients aged
60 > years (84.6% versus 15.4%). MAC, TSF and MAMC are statistically significant
indicators of nutrition status (p 0.00). Undernutrition was significantly more in African
patients (57%) and South East Asian (39.5%) while it was less than 15% in other groups.
Also, in undernourished patients, respiratory diseases were more common (35%) and
neurological diseases were less common (5.6%) on the other hand; in overweight and
obese patients, the respiratory diseases were less common (21%) and the neurological
diseases were more common (61% ). In conclusion: In 1430 Hajj season, 163 patients were
admitted at the medical department, the mean age was 59.4 + 11 yrs., males were more
than females (57.7% vs 42.3), 32% came from south Asia, undernutrition was found in
23.9% of patients, while 12.7% were obese, respiratory diseases were the commonest
cause of admission (44.2%); it was more common in undernourished and less in obese
patients in the reverse to neurological disease which is commoner in obese patients. Mean
hospital length of stay was 3.9+2.47 days; HLOS was more prolonged in females and in

obese patients.

Introduction

Hajj is a cosmopolitan conference, which takes place annually in the 12th month of the
Islamic lunar calendar, it is one of the largest, most culturally and geographically diverse
mass gatherings in the world. Makkah hosts over 2 million of Muslims coming from more
than 140 countries (Memish et al., 2012).
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Performance of the Hajj is physically demanding. Extreme physical stressors such as sun
exposure, crowding and traffic congestions increase health risks. Also, pilgrims tend to be
older and many have medical comorbidities (Gautret et al., 2009), these factors exacerbate
existing risk for disease, fluid and electrolyte abnormalities, and respiratory and other
infectious diseases (Mandourah et al., 2012)

Pilgrims are coming from all around the world differing in their health and nutrition states.
According to the Medical Subject Headings (MeSH®) nutrition status is the state of the
body in relation to the consumption and utilization of nutrients and malnutrition is defined
by the European Society of Clinical Nutrition and Metabolism (ESPEN) as “a state of
nutrition in which a deficiency or excess (or imbalance) of energy, protein, and other
nutrients causes measurable adverse effects on tissue/body form (body shape, size and

composition) and function, and clinical outcome” (Lochs et al., 2006)

The purpose of nutritional screening is to rapidly identify patients at high nutritional risk.
The purpose of nutritional assessment, however, is to define a patient’s nutritional status,
to define clinically relevant malnutrition and to monitor changes in nutritional status (Kyle
and Coss-Bu, 2010)

The King Saudi Arabia (KSA) provides free healthcare to all pilgrims during the Hajj. In
2009, the KSA Ministry of Health prepared 24 hospitals with a total bed capacity of 4,964
beds (Memish, 2010). HLOS has been used as a surrogate marker for patients’ well-being
during hospital treatment and as an indicator of health care efficiency (Murphy and
Noetscher, 1999). HLOS is defined by the Mosby's Medical Dictionary as the period of

time a patient remains in a hospital or other health care facility as an inpatient .

The aim of the study was to assess the demographic characters and the nutritional status of
Hajj patients admitted at the medical department, Al Noor hospital, Makkah, and its

relation to the cause of admission and HLOS.

Patients and methods: This is a prospective, descriptive cross-sectional study including 163
consecutive Hajj patients admitted at the medical department, Al Noor Specialist Hospital,
which is a 550-bed tertiary care teaching hospital, in Makkah, KSA. The inclusion criteria
included all adult non-Saudi hajj patients, admitted during the period (1 to 20/12/1430 H —
18/11 to 7/12/2009). All patients were evaluated for demographic characters: age, sex, and
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nationality; cause of admission, nutritional status including anthropometric measures and
HLOS:

The cause of admission includes:

A. Respiratory diseases: mainly respiratory tract infections and respiratory failure.
B. Gastroenterology cases: mainly Gl bleeding and liver diseases.

C. Neurology cases: mainly cerebrovascular stroke patients.

D. Diabetic patients: mainly the complications of hyper or hypoglycemic states.
E. Others: other diagnosis as chronic renal failure cases.

Cardiac patients were admitted in the cardiology department.

Nationality: patients were classified according to their nationality into 6 groups; Arabic
countries, African (non-Arabic), South Asian, South East Asian, Central Asian and others.
(table 1)

Length of stay: the number of nights of hospital admission, it is considered prolonged if

more than 5 days.
The anthropometric indicators were:

Weight (W) using with an electronic scale with a maximum capacity of 150 kg and

accuracy of 0.1 kg and 200 cm for height.

Height (H): within the electronic scale max 200 cm approximated to the nearest cm.
Mid arm circumference (MAC).

Triceps skin fold thickness (TSF).

Body Mass Index (BMI): weight in Kg/ (height in meters)? (kg/m?).

Mid Arm Muscle Circumference (MAMC): MAMC = MAC — (0.314 x TSF).

According to the World Health Organization criteria (WHO) (WHO, 1998), the Nutritional
Status was classified according to the BMI as follows: BMI <18.5 = Under-nutrition; 18.5
<BMI <24.9 = Normal; 25 < BMI < 29.9 = Overweight; BMI > 30 = Obese. The BMI for
elderly patients (60 years or older) was classified according to Lipschitz (Lipschitz DA.
1994) BMI < 22 = Under-nutrition; 22 < BMI < 27 = Normal; 27< BMI < 29.9 =
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Overweight and BMI > 30 = Obese. The skin fold was measured with a measurement
range of 0-60 mm and accuracy of + 1.0 mm, and a 150-cm inelastic tape measure with
accuracy of 0.1 cm was used for the other measures. MAC and TSF were normalized
according to Frisancho AR. 1981, since they represent different gender and age, as: data x
100, divided by data of 50th percentile. The data were transformed into dichotomous
variables: TSF < 70% (severe depletion) or TSF > 70% (not severe depletion) and MAC <
25 cm (with depletion) or MAC > 25 cm (without depletion), as previously defined and
used by Powell-Tuck (Powell-Tuck J and Hennessy EM 2003).

Types of diseases were classified to respiratory, digestive, neurological, diabetic or others.

Age was stratified as adult (< 60y) and elderly (60y or more). The LOS was categorized
into two groups: up to 5 days (short) and >5 days (long).

Reference Values for Mid-arm Muscle Circumference

Age 50" Male | 50" females
18-24 27.2 20.6
25-34 28.0 214
35-44 28.7 22
45 - 54 28.1 22.2
55-64 27.9 22.6
65-74 26.9 22.5

Developed from data collected during the NHANES I, 1974. (Bishop, C.W. et al., 1981)
Reference Values for Mid-arm Muscle Circumference

Males (cm percentile)

Age 10th 25th 50th 75th 90th
18-24 24.4 25.8 27.2 28.9 30.8
25-34 25.3 26.5 28.0 30.0 317
35-44 25.6 27.1 28.7 30.3 32.1
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45 -54 24.9 26.5 28.1 29.8 315

55 - 64 244 26.2 27.9 29.6 31.0

65-74 23.7 25.3 26.9 28.5 29.9

Females (cm percentile)

Age 10th 25th 50th 75th 90th
18- 24 185 194 20.6 22.1 236
25-34 18.9 20 21.4 22.9 24.9
35- 44 19.2 20.6 22 24 26.1
45 - 54 195 20.7 222 243 26.6
55 - 64 195 20.8 226 244 26.3
65- 74 195 20.8 225 24.4 265

Developed from data collected during the NHANES I, 1974. Bishop, C.W. et al., 1981.

Statistical analysis

Demographic, nutritional parameters, nationality and cause of admission data
were collected. IBM SPSS Statistics 17 program was used for data analysis.
Dichotomous or categorical variables were presented as number and percentage.
Continuous variables were presented as mean * standard deviation. Univariate
analysis by using Pearson Chi square test was used to compare dichotomous or
categorical variables, and two tailed t test for continuous variables. Dichotomous
variables considered to be risk factors for longer length, undernutrition, age; gender and
anthropometric variables were analyzed using a logistic regression model. Significance

was considered at P value 0.05 or less. (Levesque, R. 2001)

Results: The aim of the study was to assess the demographic characters and nutritional
status of Hajj patients admitted at the medical department and its relation to the cause of

admission and HLOS. This may help the local health providers in their health planes
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during hajj season. One hundred sixty three patients from 34 countries were admitted at the
medical department during the hajj season 1430 (1 to 15/12/1430 H — 18/11 to 2/12/2009).
The mean age of patients was 59.4 + 11 yrs., and 57.7% of patients were males. More than
half of the patients (52.1%) were old age patients (age > 60 yrs.). Mean BMI was 23.8 +
5.6 kg/m?. No significant difference was found between male and female patients in
different nutrition states (p 0.245). The mean HLOS was 3.9+2.47 days and prolonged
HLOS (more than 5 days) was reported in 21 patients (17.8%). HLOS is prolonged in
obese patients but not reaching the level of significance. Respiratory diseases are the
commonest cause of admission (44.2%). Under-nutrition was detected in 39 patients

(23.9%); thirty three of them were elderly patients (84.6%).
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94 pt{ 120
85 78 57.7%
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- 40
- 20
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Fig (1): General parameters of pilgrims admitted to the medical floor.
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Figure (2) Nutritional status of Hajj patients admitted to the medical department.
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Figure (3) cause of admission of hajj patients admitted to the medical department (PT: patient,

respire: respiratory cases, Gastro: Gastroenterology cases, Neuro: Neurology cases)

21EP0 - a)uig B)ooig 2ol il 1€ palo)l céilo)l - caledl Jaul n



52 PT
31.9% - 60
42 pt |
38 pt 25.8% 50
23.3%
- 40
19 pt - 30
11.7%
5 pt 7 pt - 20
39 4.3%
a8
Y 1 1 1 1 . 0
Others African CAsia SEAsia Arabic S Asia

Figure (4): Nationality of Hajji patients admitted in the medical department (C Asia: Central Asia,
SEAsia: South East Asia, S Asia: South Asia).

parameter Undernutrition | Normal (74 | Overweight | Obese (21 | Pearson
(39 pt.) 23.9% | pt.) 45.4% | (29pt)17.8% | pt.)12.9% | chi

square
P value

Age (yr.) (m = |658+10 58.4+10.8 55.6+8.6 56.3+12.1 0.057

std. dev.)

Age = 60yrs (85 | 33/39(84.6%) 38/74(51.4%) | 7/29(24.1%) | 7/21(33.3%) | 0.004

pt.) (No, %)

Nutrition parameters

BMI (Kg/m?) (m | 17.622.1 23+2 27.1+18 33853 0.000
+ std. dev.)

MAC (cm) (m + | 21.7%2.8 26.242.7 28.6£2.9 32.7t45 0.000
std. dev.)
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TSF (cm) (m + | 0.69+0.3 1.15+0.5 1.3240.5 1.84+.9 0.000
std. dev.)
MAMC (cm) (m | 19.542.5 22.6+2.7 24.5+2.7 26.9+3.3 0.003
+ std. dev.)
HLOS
HLOS (days) m | 3.77£2.1 3.64+2 4.4+2.4 4.52+4.1 0.078
* std. dev.
Nationality
South Asian (52 | 14/52 (26.9%) 22/52 11/52 5/52 (9.6%) | 0.017
pt.) (No, %) (42.3%) (21.2%)
Arabic (42 pt.) | 6/42 (14.3%) 20/42 10/42 6/42 (14.3%)
(No, %) (47.6%) (23.8%)
SEAsia (38) | 15/38 (39.5%) 18/38 3/38 (7.9%) | 2/38 (5.1%)
(No, %) (47.5%)
Central  Asian | 0/19 (0%) 10/19 4/19 (21.1%) | 5/19 (26.3%)
(19 pt.) (No, %) (52.6%)
African (7 pt.) | 4/7 (57%) 2/7 (29%) 1/7 (14%) 0/7 (0%)
(No, %)
Others (5 pt.) | 0/5 (0%) 2/5 (40%) 1/5 (20%) 2/5 (40%)
(No, %)
Cause of admission
Gastroenterology | 6/36 (16.7%) 20/36 7136 (19.4%) | 3/36 (8.3%) | 0.017
(36 pt.) (No, %) (55.6%)
Respiratory (72 | 25/72 (34.8%) 32/72 7172 (9.7%) 8/72 (11.1%)
(44.4%)

pt.) (No, %)

Neurology (18
pt.) (no, %)

1/18 (5.6%)

6/18 (33.3%)

5/18 (27.8%)

6/18 (33.3%)
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Diabetics (17 pt.)
(No, %)

3/17 (17.7%) 8/17 (47%) 6/17 (35.3%) | 0/17 (0%)

Others (20 pt.)
(No, %)

4/20 (20%) 8/20 (40%) | 4/20 (20%) 4/20 (20%)

Table (1): Comparison between patients according to their Nutritional states (BMI: Body Mass Index,
pt: patient, No: number, std. dev : standard deviation. MAC: Mid Arm circumference, TSF: MAMC:
Mid Arm Muscle Circumference, HLOS: Hospital Length of Stay, SEAsia: South East Asia).

HLOS >5 days (29 | HLOS 5 days or less P value
parameter .
pt.) (17.8%) (134pt) (82.2%) chi-Square
Male (94 pt.) (No,
. 11/29 (38%) 83/134 (62%)
%) 0.017
18/29(62%) 51/134(38%)
Female (69 pt.)
Nutrition status
Underweight (39 pt.)
8/39 (20.5%) 31/39(79.5%)
(No, %)
Normal (74 pt.) (No,
%) 12/74 (16.2%) 62/74 (83.8%)
0
0.763
Overweight (29
4/29 (13.8%) 25/29 (86.2%)
pt.)(No, %)
Obese (21 pt.) (No,
5/21 (23.8%) 16/21 (76.2%)
%)
Cause of admission
Gastroenterology (36
9/36(25%) 27/36 (75%)
pt.) (No, %)
0.152
Respiratory (72 pt.)
11/72 (15.3%) 61/72 (84.7%)
(No, %)
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Neurology (18 pt.)
1/18 (5.6%) 17/18(94.4%)
(No, %)
Diabetics (17 pt.)
1/17(5.9%) 16/17 (94.1%)
(No, %)
Others (20 pt.) (No,
7/20 (35%) 13/20 (65%)
%)
Nationality
Arabic (42 pt.) (No,
6/42 (14.3%) 36/42 (85.7%)
%)
African (5 pt.) (No,
1/5 (20%) 4/5 (80%)
%)
South Asian (52 pt.)
8/52 (15.4%) 44/52 (84.6%)
(No, %)
0.593
S. E. Asian (38 pt.)
10/38 (26.3%) 28/38 (73.7%)
(No, %)
central Asian (19) 2/19 (10.5% 17/19 (89.5%
(pt) (No, %) (10:5%) (89:5%)
Others (7) (pt.) (No,
(0)/§p ) 217 (28.6%) 5/7 (71.4%)
0

Table (2) comparison between patients according their hospital length of stay. ( pt: patient, No:
number, HLOS: Hospital Length of Stay, SEAsia: South East Asia).
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S.E.
South Arabic Asian Central Africa | Others
Asian
parameter (42pt) Asian(19p | N (7pY) | (5p%) | P value
(52pt) (38pt)
31.9% 25.8% D1L7% | 43% | 3.1%
o7 23.3%
Gastroente
1/7
rology (36 | 10/52 9/ 42 12/ 38 3/19 (143 1/5
pt) (No, | (19.2%) | (op21.4) | (31.6%) | (15.8%) %5 (20%)
%)
Respirator 57
7200) 24/52 14/42 18/38 9/19 2/5
YMEPR T deaoy | (333%) | @74%) | @7.4%) | P24 | (a0
(No, %) %) .
Per chi
Neurology | 9/42 0/38 4/19 0/7 15 | p0.001
(18 pt.) . . .
(No, %) (7.7%) | (21.4%) (0%) (21.1%) | (ow) | (20%)
Diabetics 7/52 7/42 2/38 1/19 017 0/5
(17 pt.)
(No, %) (13.5%) | (16.7%) | (5.20) (53%) | (0%) | (0%)
Others (20 | /55 3/42 6/38 e | Y| e
pt.) (No, (14.3
%) (135%) | (7.2%) | (15.8%) | (10.5%) %) (20%)

Table (3): Comparison between patients according to nationality and cause of admission. (pt: patient,
No: number, SEAsia: South East Asia).
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The aim of the study was to assess the demographic character and nutritional status of Hajj
patients admitted at the medical department and its relation to the cause of admission and

HLOS which may help the local health providers in their health planes during hajj season.

The mean age was 59.4 yrs., mean BMI was 23.8 kg/m? and mean HLOS was 3.9 days.
Around 52% of patients were 60 years or older, 57.7% of patients were males and 17.8%
of patients had prolonged HLOS (Fig 1).

Fig (2) showed the nutritional status of all hajji patients where 23.9% of them had under-
nutrition and 12.7% of patients were obese.

Fig (3) the commonest cause of admission was respiratory diseases (44.2%) followed by
gastrointestinal diseases (22.1%), neurological diseases (11%) and diabetes mellitus
(10.4%).

Fig (4) showed that the largest group of hajj patients were from South Asia (31.9%),

followed by Arabic countries (25.8%) and were in details as follows:

1. South Asian countries (52): (India 26, Pakistan 13, Afghanistan 4, Bangladesh 4, Iran 4,
Sri lanka 1),

2. Arabic countries (42): (Egypt 12, morocco 7, Sudan 7, Iraq 6, Syria 3, Algeria 2,

Emirates 1, Lebanon 1, Libya 1, Somalia 1, Yemen 1),
3. S. E. Asian countries (38): (Indonesia 26, Philippine 4, china 4, Malaysia 3, Burma 1),

4. Central and West Asian countries (19): (turkey 12, Kazakhstan 2, Russia2, Uzbekistan
2, Kirghizstan 1),

5. African countries (7): (Nigeria 4, Burkina Faso 2, South Africa 1),
6. Other countries (5): (Britain 2, Norway 1, New Zealand 1, German 1).

Table (1) showed that there was a statistically significant difference between nutrition state
and elderly patients (age > 60 yrs.) where the elderly patients constitute 84.6% of the
undernourished patients and one third of obese patients. There a significant difference
between mid-arm circumference, mid arm skin fold and mid arm muscle circumference

and nutrition state. The shortest duration of HLOS was in patients with normal nutrition
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status (3.64+2 days) and the longest was in obese patients (4.52+4.1 days) but the

difference was statistically insignificant.

There is a statistically significant difference between nutrition status and nationality where
under-nutrition was more common in Africans (57%) and S.E. Asian (39.5%) and less
common in Arabic patients (14.3%) and Central Asian and Western patients (0%). On the
other hand, the percentage of obesity was 0% in Africans, and highest in central Asian and
westerns. The nutrition status significantly affect the cause of admission; Under-nutrition
was commoner in patients presented with respiratory diseases (35% in undernourished
patients vs 11% in obese patients), while obesity was commoner in patients presented with

neurological diseases (5.6% undernourished vs 33.3% obese).

In table (2) Prolonged Length of stay was significantly more in females ( 62% vs 38% p
0.017) while no significant difference between the short or prolonged HLOS as regards the

nutrition status, cause of admission and patient's nationality.

In table (3) showed that there is a significant difference between the cause of admission as
regards the patient's nationality (p 0.001), none of the SE Asian nor the African had
neurological disease while it is found in around 20% of the Arabic, Central Asian and
western patients. Respiratory diseases were more in Africans (71.4%), south, S.E. and

central Asian patients (47%).

Discussion

The aim of this study was to elucidate the pattern of demographic characters and
nutritional status of Hajj patients admitted at the medical floor and its relation to HLOS
and cause of admission in order to help health policy makers to plan the future services

during hajj season.

On reviewing the literatures, we found national reports studying the demographic
characters and the cause of admission but we could not find studies dealing with the

nutrition status or HLOS of hajj patients.

In the present study the mean age of patients was 59.4 + 11 yrs., and 57.7% of patients
were males. More than half of the patients (52.1%) were old age patients (age > 60 yrs.)

and respiratory diseases are the commonest cause of admission (44.2%) and
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gastrointestinal diseases in 22% of patients. Approximately 32% of patients came from

South Asia while 25.8% came from Arabic countries.

In a study done by Saeed et al, 2003, on the hajj patients admitted at medical departments
in 4 hospitals in mina and Arafat (Al-Mashaer), 9" and 10" of zul Hijjah 1422. A cohort
of 160 patients was collected; Males constituted 62% with the median age of 60 +/-
15years. The respiratory system was the most commonly affected (57%), and
gastrointestinal tract in 6.3% of cases. Most of the admissions were from Arab countries
(45.6%), Indian subcontinent (17%), non-Arab African countries (11.3%), and Indonesia
and the Far East (11.3%). Another study published in 2007 by khan et al. It included 689
patients, belonging to 49 countries, with mean age of 62 years and male: female ratios of
1.8:1. In the same year (2007), a study published by Madani et al. on 140 hajj patients
admitted to ICUs, fifty four percent of patients were older than 60 years and 67.6% of

patients were men, pneumonia was the admitting diagnosis in 22% of patients.

Shafi et al., 2008 reported 'Hajj cough' is the most frequently reported complaint. Same
finding was reported by Yousaf et al., 1995, Al-Ghamdi et al. 2003, Balkhy et al., 2004,
Shakir et al., 2006, Madani et al., 2007 and Alzeer 2009. Pneumonia is a common illness
that is life-threatening to the elderly, especially those with comorbidities such as diabetes
or hypertension [Mandourah et al., 2012). One-third of Indonesian pilgrim mortality was
attributed to respiratory diseases. (Masdalina Pane et al., 2013) similar findings were

reported by the Iranian hajj report (Meysamie et al., 2006).

In the present study, it is found that 23.9% of Hajj patients had under-nutrition and 12.7%
of them had obesity and 84.6% of undernourished patients were elderly patients. MUAC,
TSF and MAMC were good indicators of nutritional status. Under-nutrition was
commoner in patients presented with respiratory diseases (35% under nourished vs 11%
obese), while obesity was commoner in patients presented with neurological diseases
(5.6% undernourished vs 33.3% obese). In African and SE Asian hajj patients,
neurological diseases were rare while respiratory diseases were common in the reverse to
central Asian and western hajj patients, this may be related to the prevalence of under-

nutrition.

Many international reports were found studying the prevalence of malnutrition in

hospitalized patients and its relation to the admission diagnosis. Reports started as early as
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the seventies of the last century and found that thirty to fifty percent of hospitalized
patients may have malnutrition (Butterworth, 1974, Bistrian, et al., 1976, Weinsier et al.,
1979 and Waitzberg, et al., 2001), and despite its high prevalence, medical awareness of
the patients’ nutritional status was lacking (McWhirter and Pennington 1994 and
Waitzberg, et al., 2001)

This malnutrition was found to be prevalent even in developed countries with high
standard of life as Sweden (Albiin, et al., 1982), where the nutritional status was assessed
in 75 consecutive patients acutely admitted to a general medical ward and obesity was
found in 9% and under-nutrition was found in 22% of patients, and in a study from Poland,
(Dzieniszewski et al., 2005) malnutrition risk demonstrated by BMI was observed in
10.43% of patients. Vlaming et al., 2001, assessed the nutrition of 1561 patients on

emergency admission to hospital; they found that 18.3% of patients were undernourished.

In a national survey from Netherlands (Kruizenga et al., 2003) Screening of nutritional
status in The Netherlands and conducted on 7,367 patients, approximately 25% of patients
in all medical fields were categorized as moderately or severely malnourished. It was
found that 12% of all patients appeared to be malnourished and 13% were at risk of
malnutrition. . Elderly patients were more at risk of malnutrition. Also, a Brazilian study
done by Leandro-Merhi and Braga de Aquino, (2010), they studied the Nutritional status
and HLOS for surgical patients. Malnutrition was diagnosed in 14.1%; in only 2.97% of
the adult patients (aged < 59 years) and in 36.6% of the elderly patients (aged 60 > years)

In this study, Prolonged HLOS was significantly more in females (62% vs 38% p 0.017),
while no significant difference between HLOS and the nutrition status, cause of admission
and patient's nationality. These results need to be repeated on larger scale as many reports
was different from these results, this may be explained by the small number of patients and

the fact that hajj patients are not homogenous group..

In an American study published in 1997 by Chima et al., Median HLOS in 56
malnourished patients was significantly greater than 117 well-nourished patients (6 vs 4
days p < 0.01). while in a study on a Brazilian old age patients discussing the relation
between malnutrition and length of hospital stay; the mean age of patients was 50.67 +/-
17.3 years, and 50.2% of patients were males. Malnourished patients stayed in the hospital

for 16.7 days vs 10.1 days in the nourished patients (Waitzberg et al., 2001). The same
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findings were reported by Isabel et al., 2003 and Kyle et al., 2005 from Switzerland. This
is supported by a Brazilian study by Leandro-Merhi and Braga de Aquino, 2010, and they
studied the Nutritional status and length of hospital stay for surgical patients, HLOS was
more in male's vs females (median 5 vs 3 days). Another study from Brazil by Leandro-
Merhi, et al., published in 2011, the authors tried to find out the factors affecting the
HLOS and they found that; the disease itself was the factor that influenced LOS the most
in the studied population. Longer LOS prevailed in males (P < .0001), patients aged >60
years (P =.0008) and malnourished patients (P = .0034).

In this study, MAC, TSF and MAMC were considered as good indicators of nutrition
status (p value 0.000, 0.000, 0.003 respectively), this is supported by James et al., 1994,
who variously sampled adults from selected regions of five African countries, India, China
and Papua New Guinea were measured and proved that MAC was found to be a simple
screening test of nutritional state. In combination with BMI it may be a better means of
discriminating the at-risk underweight adults from those who are thin but not at risk. Also,
Vlaming et al., 2001, assessed the nutrition of 1561 patients on emergency admission to
hospital; they found that there was a close relationship between BMI and MUAC. BMI
was poor predictor of hospital stay. MUAC is easier to measure and predicts poor outcome
better.

Summary

In 1430 Hajj season, 163 Hajj patients from 34 countries were admitted at the medical
department. The mean age was 59.4 £ 11 yrs., 52.1% were elderly patients (age > 60 yrs.),
and 57.7% of patients were males. Under-nutrition was found in 23.9% of patients, most of
them (84.6%) were elderly. The nutrition status significantly affect the cause of admission,
respiratory diseases were the commonest cause of admission (44.2%); it was more
common in undernourished, and less in obese patients in the reverse to neurological
disease. Mean hospital length of stay was 3.9+2.47 days; it was more prolonged in females
(p 0.017) and in obese patients (p>0.05). Mid upper Arm Circumference is considered as a

good indicator of nutrition status which is simple and easy especially in bedridden patients.
Conclusion

Nutritional assessment should be routinely performed at admission for hajj patients which

may help the local health authorities in their future planes. Some nationalities are more
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prone to develop some diseases as respiratory or neurological diseases; this may be
explained by the nutritional status and need to be validated in larger studies. MAC is
considered as a good indicator of nutrition status which is simple and easy especially in
bedridden patients.

Recommendation is to validate these results on larger scale and in other hospitals during
Hajj and Omrah.
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Summary

Millions of live ruminants are imported annually for slaughter in Saudi Arabia. The
majority of these animals are imported shortly before the pilgrimage season from Sudan
and horn of Africa, where Foot and Mouth Disease (FMD) is known to be enzootic. The
current work intended to investigate the impact of importation of these live ruminants on
the epizootiology of FMD in Saudi Arabia. A total of 480 sheep and 233 cattle from the
sacrifice livestock yards of the Saudi project for utilization of Scarified animals’ meat in
the Holy city of Makkah were investigated during the Pilgrimage season 1433 H (24-29
October, 2012). Investigated sheep were showing no apparent clinical evidence of FMD
and included 260 from Sawakani breed (imported from Sudan) and 220 from Barbari breed
(imported from horn of Africa) that were randomly selected from different houses of the
yard. On the other hand, all investigated cattle were of African origin and included 58
cattle with suspected clinical evidence of FMD and 175 cattle without apparent symptoms
that were selected from the contact animals of the suspected ones. Blood samples were
collected from all investigated animals and separated sera were used for serological testing
for FMD virus-specific antibodies using indirect enzyme linked immune sorbent assay
(3ABC FMD ELISA). The results revealed an over all of 136 (28.3%) animals out of the
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480 tested sheep were serologically positive for FMD. This included 17.7% among
Sawakani sheep and 40.9% among Barbari ones. In cattle, 120 (51.5%) out of 233
investigated animals were positive for FMD virus antibodies. The 120 serologically
positive cattle included all suspected cattle with apparent clinical symptoms and 62
(35.4%) of symptoms free-contact cattle. In conclusion, the findings of the current study
denote the imminent risk of the annual importation of live ruminants from enzootic areas
shortly before the Pilgrimage seasons. The risk involves the introduction of new exotic
FMDV serotypes especially with the imported carrier or subclinically-infected animals.
Understanding of the epidemiology of different strains and ability to track their move
between geographic regions is essential for the development of efficient control strategies
for the disease. Therefore, genotyping of isolated FMDV strains from imported and local
animals is highly recommended and currently ongoing.

Keywords: Epidemiology - Foot and mouth disease (FMD) - Pilgrimage season -

Serodiagnosis.
Introduction

Economic importance and trade effect

Foot-and-mouth disease (FMD) is one of the most economically important veterinary
pathogen due to its highly infectious nature, ability to cause persistent infections and long
term effects on the condition and productivity of the many animal species. Recent
outbreaks of FMDV demonstrated that this highly contagious viral infection of cloven
hoofed animals continues to be a significant economic problem worldwide (21). Different
FMDYV strains were genetically grouped based on their geographic origin and thus being
referred to as topotypes. An increased understanding of how FMDV strains move between
geographic regions will play a pivotal role in the development of future disease control
strategies (37).

FMD is highly contagious, being transmitted through multiple routes and hosts, which
makes it one of the most important diseases affecting trade in livestock (14). International
trade in animals and their products has been recognized as a primary determinant of the
global epidemiology of transboundary diseases such as FMD. Recent dissemination of
FMD virus in Europe shows that sub-clinically infected animals render trade in animals or
animal products a potential risk for importing countries (54). FMD virus undoubtedly

entered the UK in 2001 in illegally imported meat products, probably from south-east Asia.
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Some of this meat was infected with a strain of the Pan Asia serotype O topotype, which
was prevalent in Asia (34).

The explosive FMD pandemic (PanAsia strain of FMDV serotype O), which occurred in
Asia and extended to parts of Africa and Europe from 1998 to 2001, demonstrates the
ability of newly emerging FMDV strains to spread rapidly throughout a wide region and
invade countries previously free from the disease (38). FMD outbreaks in Argentina,
Europe, Japan, the Republic of Korea, South Africa and Uruguay have brought to world
attention the devastating effects of the disease in a naive population and the social and
economic costs of control and eradication (32). Losses of FMD arise from the direct effects
of the disease on production, costs of disease control and restriction of trade. Costs of
disease control, whether by stamping-out or vaccination are high (27). The economic costs
of the FMD outbreak in the United Kingdom (UK) in 2001 were estimated by (56), where
the losses to agriculture and the food chain amount to about £3.1 billion.

FMD in Africa

Six of the seven serotypes of FMD virus (i.e. all but Asia 1) are prevalent in Africa;
however marked difference in regional distribution is evident. Three of these serotypes are
unique to Africa, namely the three South African Territories (SAT) serotypes. Serotype C
may also now be confined to Africa because it has not been reported elsewhere recently.
Within each of the six prevalent serotypes, with the possible exception of C, there are a
number of different lineages with more or less defined distributions (i.e. topotypes).
Immunologically, some of these lineages are sufficiently different to require specific
vaccines to ensure efficient control. This immunological diversity in prevalent serotypes
and topotypes, in addition to uncontrolled animal movement in most parts of the continent,
render FMD difficult to control in present circumstances. Because of this, in addition to the
poorly developed intercontinental trade of animals and animal products, the control of
FMD afforded low priority in most parts of the continent. As a consequence, eradication of
FMD from Africa as a whole is not a prospect within the foreseeable future (58).

It was indicated that FMD diagnostic capacity in Eastern Africa is still inadequate. Hence,
for the region to progress on the Progressive Control Pathway for FMD (PCP-FMD), there
is a need to implement regional control measures, improve serological diagnostic test

performance and laboratory capacity of the national reference laboratories (NRLSs), and to
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establish a regional reference laboratory to enforce quality management systems (QMS)
and characterization of FMD virus containing samples (45).

FMD in Asia

The distribution and movement of FMD viruses in South-East Asia is a reflection of the
trade-driven movement of livestock. There is great disparity cross the region in the
strength and resources of the animal health services and this has a direct impact on FMD
control. Regulatory environments are not well developed and enforcement of regulations
can be ineffectual. The management of animal movement is quite variable across the
region and much market-driven transboundary movement of livestock is unregulated.
Formal quarantine approaches are generally not supported by traders or are not available
(20).

From 1997 to 2000 FMD outbreaks reported in countries of East Asia. These outbreaks
were caused by pan-Asian O lineage of FMDV (50). During FMD outbreak in Japan in
2000, the disease was eradicated without resorting to vaccination, through a campaign of
culling, movement control of cloven-hoofed animals in areas surrounding infected
premises, and intensive clinical and serological surveillance (53).

FMD in Saudi Arabia

Saudi Arabia imports annually several millions of live ruminants for slaughter. The
majority of these animals are imported from countries where FMD is enzootic. Particular
emphasis has been placed on the possibility of importing either carrier animals which
might act as potential source of infection or subclinically infected animals which might
actively excrete FMD virus (25). Serotypes of FMDV that are not incorporated in the
currently used vaccine in Saudi Arabia (e.g. SAT1 and SATZ2) are prevalent in some of
these exporting countries. Moreover, in some other exporting countries, the prevalent
FMDV serotypes are not routinely typed (24).

Neutralizing antibodies against FMDV serotypes O, A and/or Asia 1 were detected in
serum samples collected from some non-vaccinated indigenous ruminants raised in
different regions of Saudi Arabia (24). Over a period of five years from July 1999 to June
2004, five outbreaks of FMD serotype O and one outbreak of FMD serotype SAT 2 were
reported among livestock in Saudi Arabia. Four out of these six outbreaks were limited to
cattle, while the other two outbreaks were expanded to all livestock including cattle, sheep

and goats. With regard to distribution, two extensive outbreaks of FMD virus serotype O
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were recorded in the five regions of the country (central, eastern, western, northern and
southern regions) in February-April/2001 and August/2001-November/2001, while two out
of three limited outbreaks of FMDV serotype O were occurred only in the central region in
October-November/1999 and in March-April/2000. The last outbreak was reported
recently in the southern region (Jizan) in June/2004. Infection with FMDV serotype SAT 2
was reported for the first time in Saudi Arabia during an outbreak of FMDV serotype O in
the central region (AL-Karj, Riyadh) on March-April/2000 (1).

The importance of interpreting the current epizootiological status of FMD in Saudi Arabia
as a means of planning to improve national control had clearly demonstrated (22). For
controlling of FMD on dairy farms in Saudi Arabia, it was recommended that emphasis
should be placed on the necessity of confirming the efficacy of current animal health
measures. A standard FMD vaccination programme is also obligatory. Primary vaccination
at the age of four months is recommended, followed by a booster at five months of age and
herd vaccination at four-month intervals (23). It was stated that FMD within Saudi Arabian
dairy herds has been controlled for the past decade through vaccination. Simulations
suggest that removing all infectious animals from the herd significantly reduces the per
cent infected in the herd (26).

Role of small ruminants in FMD epizootiology

Small ruminants play an important role in the epidemiology and transmission of FMD. In
this regard, it is considerably important that the clinical signs of FMD in adult sheep and
goats are frequently mild or inapparent (16, 19, 33). Sheep have often been implicated as
disseminators of FMD virus, both between and within countries. Moreover, sheep and
goats may act as carriers where infected herds, which practice transhumance or are
nomadic, can spread the infection to other herds long before the diagnosis of the disease is
established. Shipping and trade with live sheep and goats is much more common
worldwide than in other FMD susceptible species. Lack of registration of all sheep and
goat herds (especially of small hobby herds) and lack of individual identifications signs
(ear tags) may result in incomplete control measurements under FMD conditions (18).
There have been numerous examples in the past where small ruminants have been
responsible for the transboundary spread of FMD include: the type A epidemics in
Morocco in 1978 and 1983 (15); the type O epidemic in Greece in 1994 (57); and the
North African epidemic of 1989-1992. The epidemic started during the winter of 1989 in
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Tunisia and then swept westwards into Algeria and Morocco. The majority of the spread
was attributed to the uncontrolled movement of large numbers of sheep, especially around
the time of religious festivals when there was a surge in the demand for sheep meat (51).
Unlike animals which are carriers of FMD, sub-clinically infected animals may be highly
contagious. The implications of sub-clinical infections for the control of FMD are serious
because such animals are likely to disseminate the disease when in contact with susceptible
livestock (54). FMD epidemic in Great Britain in 2001 was characterized by widespread
dissemination of disease in sheep due to infection being present but unreported for at least
three weeks before the first case was identified (52).

Control of the disease

FMD vaccination policies and trade regulation must be based on risk assessments taking
these factors into consideration (54). The difficulty in making a clinical diagnosis of the
disease in adult sheep and goats should encourage the development of more rapid
screening tests to assist in future control programmes (33).

Vaccination against FMD might be one of the control measures used during an FMD
epidemic depending on the local epidemiological situation, the status of the country, and
the opinion of policy makers. A sound decision on vaccination can be made only if there is
sufficient scientific knowledge on the effectiveness of vaccination in eliminating the virus
from the population (46). It was shown that a commercially available, standard dose
vaccine formulation can fully protect cattle against direct challenge with the virus in as
little as 7 days with no carrier transmission to naive animals (21).

The utilization of ring vaccination should be considered as an alternative to mass culling of
large numbers of animals (41). Epidemiological evaluation and prediction tools have
advanced particularly rapidly and can guide the choice of control policies during an
outbreak. Integrated decision-support systems offer the best method of managing FMD
outbreaks to minimise the cost and size of the epidemics (44).

Wealthy countries that have eradicated FMD face ongoing costs from periodic outbreaks
and the costs of being prepared to rapidly detect and deal with these outbreaks via means
of movement controls, culling and/or vaccination. Many countries reduce the impact of the
disease with extensive ongoing or intermittent vaccination programmes, the global scale
and costs associated with these programmes is vast with an estimated 2.6 billion doses

administered annually (Hamond, 2011).
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The use of molecular epidemiology is an important tool in understanding and consequently
controlling FMDV (36). In addition, matching data on livestock movement with molecular
epidemiology can enhance our fundamental understanding when reconstructing the spread
of the virus between geographical regions, which is essential for the development of FMD
control strategies worldwide (14).

Aim of the study
There is an evident for the possibility of recurrent occurrence of FMDV in Saudi Arabia
through the imported ruminants from countries where FMD is enzootic, particularly during
Hajj season. Such imported animals may be FMDV carriers or subclinical cases or
showing suspected FMD lesions as recorded during the Hajj season of 1432 H (2011) (5).
So that this study aims to describe the impact of the importation of live ruminant animals
on the epizootiology of FMD in the kingdom of Saudi Arabia, especially in makkah, where
about two millions of these imported animals are annually slaughter during the hajj season.
Furthermore, prevention and control strategies of FMD in Saudi Arabia particularly in
Makkah and during Hajj seasons were discussed.

Materials and Methods
Sample population:

A total number of 713 sacrifice animals (233 cattle and 480 sheep) were selected from the
sacrifice livestock yards of the Saudi project for utilization of Hajj meat, in the Holy city of
Makkah during the Pilgrimage season 1433 H (24-29 October, 2012). All of the
investigated cattle are of African origin, 58 of them showed clinical signs of FMD and no
legal certificated were associated while the rest 175 animals were selected from the contact
apparently healthy ones. On the other hand, investigated sheep were randomly selected and
they showed no clinical signs of FMD. Selected investigated sheep included 260 Sawakani
breed (imported from Sudan) and 220 Barbari breed (imported from horn of Africa). Both
Sawakani and Barbari sheep were imported shortly before Hajj season through Djibouti
quarantine and Jeddah Islamic port.

Blood samples were collected from the jugular vein of all investigated animals and were
used for serum separation at the same day. Produced sera were kept at -80°C freezer till

time of serological testing.
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Serological surveillance of FMD among sacrifice animals

Enzyme linked immune sorbent assay 3ABC FMD ELISA (IDEXX Laboratories, Inc.,
USA, Part Number: FBT1139T) was used for serological testing of both bovine and ovine
sera. The IDEXX FMD 3ABC Ab test detects antibodies to the nonstructural FMD protein
3ABC. The test accurately detects infection, while differentiating infected from marker
vaccinated animals. The serological assay was carried out as recommended by the
manufacturer at the microbiology laboratory of environmental and health research
department, the custodian of the two Holly mosques institute for Hajj and Umrah research,
Umm Al-Qura University, Makkah, Saudi Arabia.

Results

Epizootiological aspects

Approximately five millions of the live ruminants are imported annually into Saudi Arabia
for slaughter. The majority of these animals are imported mainly from Sudan and horn of
Africa, where FMD is enzootic. Importation of live ruminant animals is usually intensive
shortly before Hajj season every year. Importation occurs through sea transportation from
animal quarantine in Djibouti to Jeddah Islamic port.

Most of these ruminant animals are usually sheep and goats. About two millions of these
animals are used as sacrifice animals for slaughtering in Makkah around the time of
religious festival (Eid al-Adha) from 10" to 13" Dhu Al-Hijjah (the last month of Islamic
calendar) each year. Two sheep breeds are usually imported, Sawakani breed (imported
from Sudan) and Barbari breed (mainly imported from horn of Africa). The investigated
sheep were of known origin and with legal certificates.

The investigated African cattle were of unknown source and no legal importation
certificates are associated. They were illegally transported from the south region (Jizan
region) into Makkah (the west region) shortly before the Hajj season of 1433 H. Fifty eight
out of 233 (24.9%) of these cattle were showed typical FMD clinical signs. Importation of
infected African cattle increases the risk of introduction of exotic FMDV serotypes into
Saudi Arabia. lllegal movement of diseased cattle increases risk of the FMD virus
dissemination as well as open housing of these cattle in the livestock yards of the Saudi

project for utilization of Hajj meat may spread infection to all sacrifice animals (figure 1).
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Clinical examination

Thorough clinical examinations revealed that about one quarter (24.9%) of the investigated
cattle were showing clinical symptoms of FMD including high fever (40-41.5 °C),
depression, dullness and loss of appetite. Affected cattle were weak and emaciated (figure
2). Inflammation around the nostrils was a common sign (figure 3). Some of the diseased
cattle had vesicular stomatitis (figure 4) with the subsequent ropy salivation (figure 5).
Vesicles in the interdigital space with the subsequent lameness were also observed. These
animals were suffered from pain in standing position and reluctant to move (figure 6). No

clinical signs of the disease were noticed on investigated sheep.
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Figure 2. Weakness and emaciation of the diseased cattle
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Figure 4. Ruptured vesicles on the upper gum (a) and the hard plate (b)

Figure 5. Ropy characteristic salivation
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Figure 6. Pain in standing position and the animal is reluctant to move due to
inflammation and vesicles in the interdigital space.

Serological prevalence of FMD among sacrifice animals

The results of serological investigations revealed an overall serological evident of FMD
infection in 256 (35.9%) out of 713 investigated sacrifice animals. This included 136
(28.3%) out of 480 sheep and 120 (51.5%) out of 233 cattle (Table 1). In sheep, 46
(17.7%) out of 260 Sawakni breed (imported from Sudan) and 90 (40.9%) out of 220
barbari breed (imported from horn of Africa) were serologically positive for FMD (Table
2). On the other hand, in cattle all investigated animals that were showing suspected
clinical symptoms of FMD were serologically positive for FMDV antibodies while up to
62 (35.4%) out of 175 apparently healthy contact cattle were showing serological evidence
of FMD infection (Table 3).

Table 1. Rate of FMD positive cases among imported sacrifice animals

Imported Seropositive animals

- no. of

animal cases -
species no /o
Cattle 233 120 51.5
Sheep 480 136 28.3
Total 713 256 35.9
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Table 2. Seropositive FMD cases among imported sheep

. no of Seropositive animals
Source of animals '
cases no. %
Sudan 260 46 17.7
(Sawakani breed)
Horn of Africa 220 90 40.9
(Barbari breed)
Total 480 136 28.3

Table 3. Seropositive FMD cases among imported cattle

no. of Seropositive animals
Suspected clinical sypmtoms
Cattle with symptoms 58 58 100
Cattle without symptoms 175 62 354
Total 233 120 51.5
Discussion

Outbreaks of FMD are primary animal health concern worldwide as the disease is known
for being highly contagious and causes productivity losses among infected animals (4). In
Saudi Arabia, approximately five millions of live ruminants were imported mostly from
FMD enzootic African countries. Moreover, intensified importation of at least 2 million of
these animals shortly before pilgrimage season every year for scarification represents a
great potential risk for the introduction of new exotic FMDV serotypes especially into the
Holly city of Makkah (1) with subsequent possible outbreaks. In this context, it was

reported that importation of Irish veal-calves into Netherlands via an FMD-contaminated

21EP0 - a)uig B)ooig 2ol il 1€ palo)l céilo)l - caledl Jaul




staging point in France was the most-likely route of 2001 FMD outbreak (9). Moreover, an
exotic SAT 2 FMD virus of topotype VII was characterized in Egypt as the cause behind
the widespread field outbreaks during February and March 2012 (2). These newly emerged
viruses were genetically closely related to strains isolated from Saudi Arabia, Sudan,
Eritrea and Cameroon between 2000 and 2010, suggesting the dominant nature of this
virus and underscoring the need for worldwide intensive surveillance to minimize its
devastating consequences (29).

FMD in adult sheep and goats is frequently mild or unapparent with no distinct clinical
signs and hence can easily be missed in diagnosis (6, 13). Several cases had been reported
in the past where small ruminants were held responsible for the introduction of FMD into
previously disease-free countries (33). The reasons for considering small ruminants as a
risk factor that could have play an important role in the epidemiology and transmission of
FMD include the fact that FMD is difficult to diagnose in these animals, as infected sheep
usually do not show typical clinical symptoms or showing cardinal signs that mimicked
other diseases, and also that sheep and goats are usual carriers of the disease (18). In Saudi
Arabia, most of the imported live ruminants are sheep and goats, which represent the
majority of the sacrifice animals in Makkah during the pilgrimage season. Most of these
animals are imported from FMD-enzootic African countries with poor quarantine
measurements. In the current study, all investigated sheep and goats were showing no
apparent clinical symptoms of FMD. The inapparent nature of FMD in sheep and goats
represents a high risk for the introduction of new exotic FMDV topotypes from Africa into
Saudi Arabia. It was found that the un-recognized FMDV-infected sheep could represent a
potential risk of FMD dissemination (8).

In cattle, FMD is usually clinically obvious especially in the unvaccinated herds of
countries in which the disease occurs only occasionally (30). This study reported FMD in
African cattle in Makkah with obvious clinical signs of the disease. Typical FMD clinical
signs including inflammation around the nostrils, vesicular stomatitis, ropy salivation,
vesicles in the interdigital spaces and lameness were reported. Clinical FMD infections,
under certain climate and epidemiological conditions, can spread by a variety of
mechanisms including the windborne spread of the disease (17). In the current study, the
reported open housing system of the diseased cattle in the livestock yards in deed represent

another great risk for the disease epizootiology in Makkah, with the subsequent possibility
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of rapid spreading of the infection not only to all sacrifice ruminant animals in Makkah,
but also to all susceptible animals in west region of Saudi Arabia.

On the other hand, unlike animals which are carriers of FMD, sub-clinically infected
animals may be highly contagious. In Europe, recent dissemination of FMDV shows that
sub-clinically infected animals render trade in animals or animal products a potential risk
for importing countries. The implications of sub-clinical infections for the control of FMD
are serious because such animals are likely to disseminate the disease when in contact with
susceptible livestock (54). In Saudi Arabia, illegal movement of cattle of African origin
from the south region (Jizan region) into the west region (Makkah region) shortly before
the Hajj season of 1433H represent a high potential risk for FMDV disseminations.
Therefore control of animal movement is one of the most important measures for
successful FMD eradication strategy (12).

The detection of antibody to non-structural protein's (NSPs) of FMDV can be used to
identify past or present infection with any of the seven serotypes of the virus, whether or
not the animal has also been vaccinated. Therefore the tests can be used to confirm
suspected cases of FMD and to detect viral activity or to substantiate freedom from
infection on a population basis. For certifying animals for trade, the tests have the
advantage over structural protein (SP) methods that the serotype of virus does not have to
be known (59). Antibody to the polyproteins 3AB or 3ABC are generally considered to be
the most reliable indicators of infection (43). In the present study, the FMD 3ABC test was
used for accurate detection of infection, differentiating infected from marker vaccinated
animals. The detection of antibodies to NSPs of FMDV is the preferred diagnostic method
to distinguish virus infected, carrier animals from vaccinated animals (7, 11, 42).
Serological tests such as those for antibodies to NSPs, or specific immunoglobulin A (IgA)
do provide increased security by reducing the likelihood of trading carrier animals and can
be used to help define the limits of an outbreak (31). It was indicated that the 3ABC-
ELISA was able to detect antibodies indicative of infection with FMDV in asymptomatic
sheep in field conditions (8).

In the current study, laboratory investigations revealed an overall serological evident of
FMD infection in 256 (35.9%) out of 713 investigated sacrifice animals. This included 136
(28.3%) out of 480 sheep and 120 (51.5%) out of 233 cattle. For one year and during
pligrimage season of 1432 H (4-9 November, 2011) in Makkah, 14 (0.78 %) suspected
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cases of FMDV out of inspected 1800 cows were recorded (5). FMD serological survey
among vaccinated indigenous ruminants raised in different regions of Saudi Arabia was
carried out by Hafez et. al. (24). Of 5,985 sheep sera, 1,371 goat sera, 1,052 cattle sera and
694 serum samples from unspecified species of ruminants, precipitating antibodies against
FMDV was detected in 1,209 (20%), 127 (9%), 172 (16%) and 38 (5%) samples,
respectively. During FMD serological survey conducted by Lazarus et. al. (40) between
2009 and 2011 in Nigeria, the overall prevalence rate among 448 serum samples from
cattle, sheep and goats was 64.73%.

In the present study, Forty-six (17.7%) out of 260 Sawakni sheep (imported from Sudan)
and 90 (40.9%) out of 220 barbari sheep (imported from horn of Africa) were serologically
positive for FMD. All of these sheep were without clinical signs of FMD. On the other
hand, in cattle all investigated animals that were showing suspected clinical symptoms of
FMD were serologically positive for FMDV antibodies while up to 62 (35.4%) out of 175
apparently healthy contact cattle were showing serological evidence of FMD infection.
During 1999 FMD outbreak in Morocco, all the FMD clinical cases reported were cattle.
The study confirmed the presence of FMDV specific antibodies in 77 clinically normal
sheep (8). It was concluded that the high percentage of positive serological test results in
sheep and goats in many regions of Saudi Arabia, in the absence of clinical FMD among
these species, indicates the importance of these range animals in transmitting FMD virus
between regions within the country (24).

It was concluded that the most appropriate approach to FMD control would be to prevent
infected animals from entering the principal trading routes for susceptible animals (47).
The Terrestrial Animal Health Code of the OIE (World organisation for animal health)
makes recommendations for international movements of live animals and animal products
because of a possible generic risk of FMD for these different commodities (55). So that the
current study suggested that the recommendations of the Terrestrial Animal Health Code
of the OIE for international movements of live animals should be strictly applied during
importation of live animals into Saudi Arabia.

Molecular epidemiological studies on FMD in Saudi Arabia are in need. In Egypt, during
FMD outbreak in 2006, the results of the molecular typing suggested a relation between
strains of Egyptian and East African origin. The molecular typing confirmed only that

through the trade in live cattle, an East African type A strain was introduced, which was
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not contained at the quarantine station. The origin of the infection was unclear, since the
animals in quarantine may had acquired infection at various points during shipment,
including possible contaminated pens or other animals on board the ship, at the port before
loading, or in transit from Ethiopia to the port of loading (39). Therefore, isolation and
genotyping of FMDV serotypes is recommended by the current study and will be
considered in our future work.

Any country experiencing an outbreak of FMD can expect questions or trade restrictions
from regular trading partners (10). The needs for about two millions sheep and goats for
slaughtering during a very short time, within about three days, during the Hajj season
every year, make Saudi Arabia to import ruminant animals from Africa, although FMD is a
constant threat to animal agriculture worldwide and must always be considered when
defining policies concerning the trade of live animals and animal products (28). Six of the
seven serotypes of FMD virus (i.e. all but Asia 1) are prevalent in Africa (58). In addition,
the FMD diagnostic capacity in Eastern Africa is still inadequate (45).

FMD control should be considered more and more in a global perspective (35, 49). FMD
affects livestock all around the world particularly those in poor countries. In many places
little is done to control FMD largely due to a lack of resources and a failure to recognise
the benefits that control brings. FMD prevents agricultural development and reduces food
security, in many countries it leads to massive losses due to control costs and in some cases
by limiting export market access (48). For controlling of FMD in the Middle East and
North Africa, co-ordinated epidemiological studies leading to a common control policy
should be implemented and supported by international community (3). So that the present
study suggests an international aids program for controlling of FMD in poor African
countries that will help these countries to export live animals and subsequently will

increase the development opportunities.

Conclusions

There is an evident for the possibility of introduction of exotic one or several FMDV
serotypes into Saudi Arabia through the intensive importation of live ruminants from the
Sudan and horn of Africa, where FMD is enzootic, particularly shortly before Hajj seasons.
Such imported animals may be FMDV carriers or subclinical cases, especially sheep,

where about two millions sheep are imported from Africa for slaughtering in the Holly city
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of Makkah within four days from 10™ to 13™ Dhu Al-Hijjah (the last month of Islamic
calendar) annually during each Hajj season.

Recommendations

The present study suggests the following recommendations that may contribute to decrease
the risk of importation of an exotic FMD serotypes into Saudi Arabia:

1. Prohibition of live ruminant animals' importation from African countries, where
FMD is enzootic.

2. Serological screening of the live ruminant animals at Djibouti quarantine before
exportation for excluding of all seropositive (infected or carrier) cases.

3. Improving the import control, including quarantine, at Islamic Jeddah port.

4. Vaccination of non-infected and non-carrier ruminants in the country of origin at
least 3 weeks before export to Saudi Arabia, using a polyvalent vaccine
incorporating FMD virus strains which can stimulate protection against Saudi field
strains.

5. Serological testing of random and reprehensive samples at Islamic Jeddah
guarantine to ensure vaccination of the imported live animals.

6. Establishment of a national project for the intensive production of sheep as an
alternative to importation with a production capacity of about 1-2 million head per
year.

7. Application of all recommendations of the Terrestrial Animal Health Code of the
OIE (World organisation for animal health) for international movements of live
animals (60).

8. Further studies for typing and characterization of any FMDV exotic toptypes and
annual reporting of FMD molecular epidemiology in Saudi Arabia were also
recommended.
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Abstract

Atmospheric particulate matters, especially those with smaller sizes such as PMy, are
associated with numerous adverse health and environmental impacts. PMy, concentrations
are high in Makkah and exceed air quality standards. High PMy, levels might pose threat to
human health, therefore for effective management it is vital to investigate and model the
effect of different factors on PM;, concentrations in Makkah. In this paper for the first time
in Makkah a quantile regression model (QRM) is developed using hourly PMy,
concentrations (ug/m?) as dependent variable and several air pollutants and meteorological
variables as independent variables for year 2012. QRM addresses the problem of non-
normal distributions of air quality data, and non-linearity in the association of PM;, with
the covariates. All covariates show significant effect at least at one or more quantiles,
however, wind speed, carbon monoxide (CO), nitric oxide (NO) and previous day PMo
(lag_PMy) concentrations have significant effect at all quantiles and hence are considered
the most important factors for controlling PM;, concentrations. Furthermore, CO has
negative impact, whereas wind speed, NO and lag_PM;, have positive impact on PMy,
concentrations. The strength, nature and direction of coefficients vary at different quantiles
of the PMy, distribution. The performance of the model was assessed using several
statistical metrics, including correlation coefficients (R, 0.82), factor of 2 (FACT2, 0.96),
Root Mean Square Error (RMSE, 129), Normalised Mean Bias (NMB, 0.12) and
Normalised Mean Gross Error (NMGE, 0.34). The values of these metrics and graphical
presentations show that QRM performs better and explains significantly more variations in
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PM, concentrations than the multiple linear regression model (MLRM). To the best of our
knowledge, this is the first study that uses a quantile regression approach for modelling
PMy, levels in Makkah and probably elsewhere, and may help characterise and manage

PM;, concentration in Makkah.

Objectives of the study

The aim of this research paper is to model PMy, concentration and investigate its
association with other air pollutants and meteorological variables with the help of quantile
regression model. The main objectives of the study are given below:

1. To analyse PMy, concentration and characterise its behaviour in Makkah;
2. To investigate the association of PMyo with other air pollutants;

3. to analyze PM10 concentration and characterise its behavior in relation to

meteorological parameters in Makkah
4. To assess the performance of QRM for modelling PMy, in Makkah;
5. To compare the performance of QRM and MLRM for predicting PM;, in Makkah;

6. To emphasise the need for analysing the whole distribution of dependent variable,

rather than only the central value (mean or median);

7. To help better manage PMy, and reduce its adverse impact on human health in
Makkah.

Keywords: PMyy, air pollution, Makkah - Saudi Arabia, Quantile Regression Model.

Introduction

Air pollutants have negative impacts on human health, agricultural crops, ecosystem and
building materials (e.g., Dockery et al., 1993; Burnett et al., 2000; WHO, 2004).
Atmospheric particles aggravate chronic respiratory and cardiovascular diseases, alter host
defence, damage lung tissues, lead to premature death, and possibly cause cancer (WHO,
2004; Hassan, 2006). Furthermore, particles have a range of important non-biological
impacts, including soiling of man-made materials and buildings, reducing visibility and
affecting heterogeneous atmospheric chemistry (Harrison, 2001). The adverse impacts of

air pollutants are not limited to local areas where the pollutants are emitted and rather
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extend to regional and global levels in the form of acid rain and ground level ozone, which
have transboundary impacts (e.g., AQEG, 2009; Hassan et al., 2013).

Makkah is one of the busiest cities in the world. Every year millions of people visit the city
due to its religious importance. The high level of air pollutants is one of the growing
concerns in Makkah, especially during the season of Hajj and Umrah as reported by
several authors (e.g., Al-Jeelani, 2009; Othman et al., 2010; Seroji, 2011; Munir et al.,
2013a; Munir et al., 2013b, Habeebullah, 2013). PM;, concentrations in Makkah exceed
air quality standards set for the protection of human health. The reasons for the high
particulate matter concentrations are most probably high volume of road traffic,
construction work, resuspension of particles, windblown dust and sand particles, and
geographical conditions (arid region) with hot temperature and low rainfall (Khodeir et al.,
2012; Munir et al, 2013b). Furthermore, it is reported that the concentrations of PMyg in
Makkah have increased during the last 15 years or so (Munir et al., 2013b).

PMy, levels are affected wind speed and direction, relative humidity, temperature, and
rainfall (e.g., Baur et al., 2004; Elminir, 2005; Ordonez et al., 2005; Cheng et al., 2007;
Beaver and Palazoglu, 2009; Pearce et al., 2011). Wind speed, turbulence level, air
temperature, and precipitation affect the re-suspension of particles from the ground
surface, their residence in the atmosphere, and the formation of secondary pollutants
(Bhaskar and Mehta, 2011). Furthermore, other air pollutants, such as carbon monoxide
(CO), sulphur dioxide (SO,), and nitrogen oxide (NOx) can result in secondary aerosols
formation, for example, SO, is oxidised in the atmosphere to form sulphuric acid (H,SO,),
which can be neutralised by ammonia (NH3) to form ammonium sulphate ((NH,)2SOy).
Similarly Nitrogen Dioxide (NO,) is oxidised to nitric acid (HNOs), which in turn can
react with NH; to form ammonium nitrate (NH,NOs). Secondary sulphate (SO,?) and
nitrate (NOj3") particles are usually the dominant component of fine secondary particles
(Harrison, 2001; WHO, 2003). Moreover, the interaction of these pollutants with each
other and with PMy, can result in synergistic (positive interdependence) or antagonistic
(negative interdependence) effects that can affect the adverse impact on human health and
natural environment (WHO, 2003). How meteorology and other air pollutants affect the
concentration of PMyg in an arid region like Makkah, where air quality data are limited, is

not well characterised. Therefore, advanced modelling studies are required to analyse the
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effects of various controlling factors that can help in understanding and effective
management of PMy, concentrations in Makkah and elsewhere.

Recently a generalised additive model (GAM) was developed to investigate the association
of PMyo with various predictors in Makkah (Munir et al., 2013a), however GAM like
multiple linear regression models focuses on the mean level of dependent variable (here
PMyo) and fails to model the whole distribution, including extreme values, which are
probably more important from public health point of view. In this paper, a quantile
regression model (QRM) is employed to model PM,, concentrations. QRM is an advanced
modelling approach that can help model the effect of independent variables on various
guantiles of the dependent variable. QRM is also applicable to non-normal air quality
distribution and can address the inherited non-linearities in the association between

dependent and independent variables.

Methodology

Data source

This study uses a one year data measured at the Presidency of Meteorology and
Environment (PME) monitoring station, situated near the Holy Mosque (Al-Haram) in
Makkah, Saudi Arabia for the year 2012. The monitoring site and the air quality network
in Makkah have been defined in Munir et al. (2013a and b) and are shown in. This study
characterises PMy, concentration (pg/m?®) with the aid of several air pollutants (CO
mg/m?, SO, ug/m?>, NOx ug/m’) and meteorological parameters (relative humidity (RH %),
Temperature (T °C), wind speed (WS m/s), Wind Direction (WD degrees from the north)
and atmospheric pressure (P) measured in hectopascal (hPa), which is equivalent to the
conventional unit millibar (mbar). A summary of these parameters is presented in Table 1,
showing minimum (min), 1°* quartile (0.25 quantile), mean, median (0.5 quantile), 3™
quartile (0.75 quantile) and maximum levels of the given parameters. These parameters
are continuously monitored at the PME monitoring site. Gaseous air pollutant levels can
be expressed as mixing ratios [e.g., parts per million (ppm) or parts per billion (ppb)] or as
concentrations (e.g., pg/m3 or mg/m3), however, PM,, are always expressed as

concentration (e.g., ug/m?>). In this paper all pollutants are expressed as concentrations
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(ng/m?® or mg/m?®) to be consistent in the use of units for both gaseous and non gaseous

pollutants.

In order to make the collected data useful and to provide a sound scientific basis for
comparison against air quality standards, public information or policy development, the
data need to be accurate and reliable. Strict QA/QC (Quality Assurance and Quality
Control) measures are taken to ensure the quality of data. This process makes sure that the
data are (a) Genuinely representative of atmospheric concentrations in the areas under
investigation; (b) Representative over the period of measurement. Data capture is greater
than 90 % for all parameters, except SO, where 88 % data were present.

It is shown in Figure 2 that PMj, concentrations and independent variables are not
normally distributed. The histograms are right (positive) skewed. This has been reported
previously by several authors (Duenas et al., 2002; Munir et al., 2011) elsewhere that air
pollutants and meteorological variables are not normally distributed. The majority of
classical statistical tests are based on the assumption that the data to which the tests are
applied should exhibit a normal distribution (i.e. bell shape, symmetrical and with a
common mean and median). If the parametric tests are applied to non-normal data, they
can result in biased or even erroneous results (Reiman et al., 2008). Therefore, before
applying a classical test it is vital to check data distributions and if the data are non-
normally distributed, robust and non-parametric methods should be applied that are not

based on such assumptions.
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Figure 1. Map of the air quality monitoring sites in Makkah (Munir et al., 2013b).

Tablel. Showing a summary of the parameters used in this study measured at the PME

monitoring station near the Holy Mosque in Makkah, Saudi Arabia for the year 2012.

18t 31 %data
Pollutant Min . Mean | Median ) Maximum
quartile quartile capture
'co (mg/m®) | 0 0.79 098 | 1.12 1.27 6.87 95
SO, (ug/m®) | 0 5 8 11 15 125 88
NO, (ug/m® | 0 27 42 46 61 223 99
NOx (ug/m® | 0 21 33 42 52 367 99
NO (ug/m®) | 0 2 5 12 13 299 99
PMyo(pg/m®) | 0 79 124 | 180 199 5761 93
P (hPa) 649 971 975 | 974 978 084 100
RH (%) 4 18 31 33 45 86 100
T (C) 16 27 32 32 36 46 100
WS (m/s) 0 1 1 1 2 6 100
WD
1 185 285 | 243 333 360 100
(degrees)

YIn the table SO, stands for sulphur dioxide, CO for carbon monoxide, NO for nitric oxide,
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NO, for nitrogen dioxide, NOx for nitrogen oxides, O3 for ozone, PMy, for particles with
aero dynamic diameter of 10 um or less, WS for wind speed, WD for wind direction, T for
temperature, RF for rainfall, RH for relative humidity, and P for atmospheric pressure.
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Figure 2. Histograms showing the frequency distributions of mean hourly data of PM10,
SO,, CO, NOx, wind speed, and relative humidity at the PME (Presidency of
Meteorology and Environment), near the Holy Mosque in Makkah, Saudi Arabia for the

year 2012,

General Statistics

Statistical Software R programming language (R Development Core Team, 2012) and two
packages Quantreg, version 4.9.1 (Koenker, 2012) and openair version 2.13.2 (Carslaw
and Ropkins, 2012) are used for running QRM, performing other statistical analysis and
making graphs. Graphical presentations (e.g., histograms, polar plot and scatter diagram)

are also used to present the outputs of the analysis.
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Quantile Regression Model (QRM)

In this paper QRM model is employed to analyse the effect of covariates (e.g.,
meteorological parameters and other air pollutants such as NOx, CO, SO,) on PMy,
concentrations. QRM allows the covariates to have different contribution at different
quantiles of the dependent variable distribution (here PMyo) and is robust (insensitive) to
departures from normality and to skewed tails. Air pollutant data are not normally
distributed as reported by several authors (e.g., Duenas et al., 2002; Munir et al., 2011) and
is also demonstrated in Figure 1. Furthermore, air pollutants exhibit nonlinear association
with its predictors (e.g., Gardner and Dorling, 2000; Baur et al., 2004). This means that the
contributions of the explanatory variables (e.g., meteorological variables) to PMy
concentration vary significantly at different levels. This suggests that statistical models
should have the capability to address the linearity and normality issues when applying to
analyse PM,, data. QRM is capable of addressing these issues. Readers are referred to
Koenker (2005) and Hao and Naiman (2007) for details on QRM; and to Baur et al. (2004)
and Munir et al. (2012) for the applicability of QRM to ground level ozone concentrations.
Baur et al. (2004) modelled the impact of meteorology on ozone concentration in Athens,
whereas Munir et al. (2012) modelled the effect of road traffic on ozone concentrations in
the UK.

Using hourly mean PMy, concentrations as a dependent (modelled or response) variable,
and several meteorological parameters (T, RH, P, WS, and WD) and air pollutants (CO,
NO, NO,, SO, and lag PMj) as independent variables, a QRM is developed and
compared with Multiple Linear Regression Model (MLRM). These covariates are
important for modelling PMy, concentrations and control a significant proportion of PMyg
variations as previously shown by Munir et al. (2013a). MLRM specifies the conditional
mean function, whereas QRM specifies the conditional quantile function. MLRM and

QRM are shown below in Equations (1) and (2), respectively (Hao and Naiman, 2007).

PMyo = Bo + B1P + BoRH + BT+ BsWS + BsWD + BsCO + B7 SO, + Bg NO + By NO, + By
Iag_PMlo + & (1)
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PMy = Bo(p) + Bl(P)P + Bz(p)RH + Bs(p)T+ B4(P)WS + BS(P)WD + BG(D)CO + B7(p)802 + Bg(p)NO +
BoP”NO, + B1o®lag_PMyg + & ...... (2)

In Equations (1) and (2) B, represents the intercept, B, to B the slopes (gradients) of the
covariates and g; the error term. The (p) shows the pth quantile and its value lies between 0
and 1. Equation (1) gives one coefficient for each variable, on the other hand equation (2)
can have numerous quantiles and will require a separate equation for each quantile and
therefore will produce numerous coefficients for each variable. This study adopts 11
guantiles (0.05, 0.1 — 0.9, 0.95) and therefore 11 equations will generate the same number
of quantile regression coefficients for each covariate. Several metrics are calculated to
assess the model performance. These metrics are: Root Mean Square Error (RMSE),
Normalised Mean Gross Error (NMGE), Correlation coefficient (R), Normalised Mean
Bias (NMB), and Factor of 2 (FAC2). For more details on these metrics, their definition
and their mathematical formulae see Carslaw (2011) and Derwent et al. (2010).

QRM makes several predictions, one for each quantile and therefore the metrics used for
assessing the model performance can be calculated for each quantile. The metrics are
called local metrics, e.g., local goodness of fit, local MRSE and local FB etc. The local
metrics cannot be compared with the metrics estimated for MLRM, as they have different
nature (Baur et al., 2004). Therefore, global metrics need to be estimated for QRM to take
account of all quantiles and make them comparable with MLRM. To estimate global
metrics for QRM, this study adopts the amalgamated quantile regression model (AQRM)
technique suggested by Baur et al. (2004). However, Baur et al. (2004) have used only
coefficient of determination (R?) value for assessing the model performance, whereas this
paper extends this concept further to other metrics (NMB, NMGE, RMSE, FAC2). The
first step is to run QRM and determine quantile regression coefficients for all the quantiles
used in the model. QRM will normally give numerous predictions according to the
number of quantiles. To turn those into one global prediction, the dataset is divided into the
same number of subsets as the number of quantiles and then the model for that respective
guantile is used to predict PMy, concentration. The predicted PMyq concentration for these
guantiles is then re-integrated in such a way that it corresponds to the observed
concentrations in the exact order. This gives a global prediction (prediction taking into

account all quantiles), which is compared with observed concentration to calculate various
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metrics for assessing the performance of the model using various metrics according to the

formulae given by Carslaw (2011) and Derwent et al. (2010).

Results and Discussions

The outputs of QRM (Equation 2) and MLRM (Equation 1) are depicted in Figure 3,
which shows the effect of various covariates on PMy, concentration. The quantiles used in
this study are shown on x-axis and their respective coefficients (slopes) are shown on y-
axis. The dashed-dotted black line represents the coefficients of QRM, the solid red line
represents the coefficient of MLRM and the solid black is the zero line. When any of the
confidence intervals overlaps with zero line, it shows non-significant effect and vice versa.
Understandably negative coefficients show negative effect, whereas positive coefficients
show positive effect of the independent variables on PM;, concentrations.

The first panel in Figure 3 shows the intercept of the model. The intercepts are within the
range of +100 and -113 for quantile 0.9 and 0.8, respectively, except quantile 0.95 which
has higher intercept. Positive coefficients show positive effect whereas negative
coefficients show negative effect of the covariates on the PMy, concentrations. The effect
of atmospheric pressure (Figure 3, top-middle panel) is significant only at quantile 0.95
and for the rest of the quantiles the confidence intervals overlap with zero line, showing
non-significant effect. Significant negative effect at quantile 0.95 may be due to the fact
that high PMy, concentration in Saudi Arabia is linked with high wind speed which in turn
is associated with low pressure. This means high PMy, concentration is linked with low
atmospheric pressure. It is worth mentioning here that quantile 0.95 is related to high PMy,
concentration and not with high atmospheric pressure, however the negative coefficients
signify negative association of pressure with PM;, concentration. Relative humidity shows
significant negative mean (average) effect, which is significantly different from the effect
at various quantiles. Furthermore, the negative effect of relative humidity is significant at
guantiles 0.05 to 0.3 and negative but non-significant at higher quantiles. As reported
previously by Munir et al. (2013a) that high relative humidity is generally linked with
nighttime hours when dust concentration is generally low and therefore shows negative
correlation with PMy, concentrations. Furthermore, high relative humidity might be related
with precipitations which wash out the atmospheric particles. Duenas et al. (2002) has

reported that relative humidity plays an important role in the overall reactivity of the
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atmospheric system, either by affecting chain termination reactions or in the production of
wet aerosols, which in turn affect the flux of ultraviolet radiation. Furthermore, relative
humidity is also considered to be a limiting factor in the disposition of NO, because high
percentages of humidity favour the reaction of the NO, with salt particles, e.g., sodium
chloride. Barmpadimos et al. (2011) have reported that the relationship between PMy, and
relative humidity is not the same for different monitoring sites. They have shown that the
nature of relationship between relative humidity and PM;, changed at various monitoring
sites and also at different levels of the relative humidity, e.g., the association was positive
at low relative humidity (< 60%) and negative at high relative humidity (> 60%).

The effect of temperature on PMy, concentration is insignificant at extreme values (top and
bottom 10%) and significant at the middle quantiles (0.2 to 0.8), where the effect is
positive. High temperature can results in enhanced resuspension of soil and road dust, and
formation of secondary aerosol, hence a temperature increase from 10 to 35 °C increases
PM,, concentration by a factor of 4 in warm days during summer (Barmpadimos et al.,
2011). High levels of PMy, (extreme levels) in Makkah is mostly caused by sand storms
and construction activities near the monitoring site (Munir et al., 2013b), which are not
dependent on temperature as much as on wind speed and direction, therefore probably
temperature show non-significant effect. The mean effect estimated by MLRM is negative,
where the regression coefficient is about -2. Mean can be biased by outliers and therefore
the results of MLRM can be confusing sometimes. This probably shows that for air quality
analysis more robust metrics (e.g., median or other quantiles) should be used, which are
not affected by extreme values in the concentrations. When temperature was used as the
only model input, the effect became positive. This might mean that the effect of
temperature changes when other inputs are added to the model, probably due to interaction
of various input variables. The effect of wind speed is positive and significant at all
guantiles. The effect of wind speed is much stronger: the coefficient at quantile 0.95 is
about 120. The effect gradually increases as PM;, concentration increases; however, the
rate of increase is greater at higher quantiles. The stronger effect of wind speed at higher
PMy, concentration is expected as high wind speed blows sand and dust particles from the
barren desserts around the Makkah city causing sand-and-dust storms. The effect of wind
direction is positive at lower quantiles until quantile 0.7 and becomes negative at higher

guantiles. Because of the circular nature of wind direction, its effect is more complicated
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and is further investigated with the help of polar plots (Figure 4). The plots are constructed
by averaging pollutant concentration by wind speed categories (0—1 m/s, 1-2 m/s, etc.) as
well as wind direction (0-10, 10-20, etc.). In polar plots the levels of PM;, concentration
is shown as a continuous surface, which is calculated through using Generalized Additive
Models smoothing techniques (Carslaw and Ropkins, 2012). It can be observed in Figure 4
that highest PMy, concentration is related with high wind speed (5 — 6 m/s) from the
southeast direction. In addition at a wind speed about 3 m/s relative high PMy,
concentration is shown in the west, northwest and east direction. Mostly low PMj,
concentration can be observed at low wind speed (< 2 m/s) from all direction. Further
investigation of the local area revealed that there was a large construction work going on
near the Holy Mosque in the west to northwest direction. There are some barriers between
the monitoring site and construction location; however it seems like when westerly wind
blows at a speed greater than 2 m/s, the dusts manage to reach the monitoring site. On the
eastern side, there is a busy road (Masjid Al-Haram road) and a couple of bus stations,

which probably contribute to the monitored concentration.

CO shows negative effect on PMy, and the strength of coefficients (in absolute terms)
increase as PM;, concentration increases. The effect of CO is significant at all quantiles
and coefficients range from -8 to -47 at quantile 0.05 and 0.95, respectively. Mean
regression coefficient was -60, which is stronger than the quantile coefficients; however it
is not significantly greater than the coefficients of quantile 0.9 and 0.95. The effect of SO,
is negative and significant at most of the quantiles, except at quantile 0.05, 0.8 and 0.9.
Mean regression coefficient is about -2 and is significantly greater than the quantile
regression coefficients. The positive effect of NO, is significant at quantile 0.05 to 0.6,
whereas at higher quantiles (0.7 to 0.95) the effect is insignificant. On the other hand the
effect of NO is positive and significant at all quantiles. Furthermore, the strength of
coefficients gradually increases from quantile 0.05 to 0.95, in contrast to NO,, where the
strength of coefficients shows the opposite pattern. The effect of lag_PMy, is also positive,
as expected and the effect becomes stronger as the concentration of PMy, increases. Fine
and extra fine particles stay in the atmosphere for long time and contribute positively to the
measured concentration hours or even days later (Munir et al., 2013a) probably that is why

lag_PM;, demonstrate positive effect.
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It can be observed in Figure 3 that the effect of independent variables on PMy,
concentration is not linear and changes as the concentration of PM;, changes. Sometimes
only the strength of coefficients changes and the nature (positive or negative) remains
unchanged as in the case of wind speed, CO, NO and lag_PMy,, whereas other times both
strength and nature of the coefficients change as in the case of atmospheric pressure,
temperature and wind direction. It is shown that independent variables can have significant
effect at some quantiles and insignificant at other quantiles (e.g., pressure, relative
humidity, temperature, wind direction, SO, and NO,), however, wind speed, CO, NO and
lag_PMy, have significant effects at all quantiles. The insignificant effect is mostly related
with high quantiles, for instance in the case of relative humidity, temperature, NO, and
SO,, however, temperature, pressure and SO, also show insignificant effect at lower
guantiles. This sort of relationship usually remains hidden when applying linear models,
e.g. MLRM, which assume linear association between dependent and independent
variables..

Other air pollutants (e.g., CO and SO,) would be expected to show positive correlation
with PMy, because they have the same sources of emissions (e.g., road traffic in urban
areas or at roadside locations) and also can add to secondary air pollutant formation, for
example the conversion of SO, and NOx to sulphate (SO,?) and nitrate (NOs) ions,
respectively. However, here the association is predominantly negative, particularly the
association of CO and SO, with PMy,. To investigate this further, scatter plots of CO, SO,
and NOx against PMy, are shown in Figure 5, where the number of data points are colour
coded to show where most of the data points lie (left to right and top to bottom, panel 1- 3).
Figure 5 clearly shows (left to right and top to bottom, panel 4-6) two different patterns.
The red colour shows high PM,, concentrations associated with low concentrations of
other pollutants (e.g., CO). The blue colour indicates a different pattern, i.e. as the
concentrations of other pollutants increase, there seems to be little variation in PMyq
concentrations. As mentioned above wind speed, probably plays the dominant role in the
negative association of PMy, with other air pollutants. High wind speed, blowing sand and
dust particles enhances the concentration of PMy, and disperses locally emitted gaseous
pollutants. Thus episodes of high PMy, are associated with low levels of other pollutants
and vice versa, which probably explains the negative effect of CO and SO, on PMy,

concentration (Figure 5).
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Figure 3. The outputs of quantile regression model showing the effect of atmospheric
pressure (hPa), relative humidity (%), temperature (°C), wind speed (m/s), wind direction
(degrees from the north), carbon monoxide (CO mg/m®), sulphur dioxide (SO, pg/m®),
nitrogen dioxide (NO, pg/m®), nitric oxide (NO pg/m®) and lag_PM, (previous day PM,
concentrations pg/m®) on PMy, concentration (pg/m®). Quantile regression coefficients
(dashed dotted dark line) and ordinary least square regression coefficients (solid red line)

are presented with their 95% confidence interval. Various quantiles are shown on x-axis
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Figure 4. Polar plot of PM,, concentration (ug/m?®) near the Holy Mosque, Makkah,

colour coded by PM,, concentrations for 2012.
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Figure 5. Scatter plots of hourly PMy, concentrations (ug/m®) versus NOx (ug/m?), CO
(mg/m®) and SO, (ug/m®) concentrations measured at PME monitoring stations near the
Holy Mosque in Makkah, Saudi Arabia, 2012. ‘Counts’ shows the number of data points,
meant to present where most of the data points lie. In the lower panels the red and blue

colour indicates different patterns in the association of PMyq and other pollutants.

To assess the QRM performance Hao and Naiman (2007) have suggested the estimation of
local coefficient of determination (R't), which are calculated for each quantile considered
in the model. However, R't cannot be compared with normal coefficient of determination
(R?) and therefore do not aid much in assessing the model performance. In this study the
approach recommended by Baur et al. (2004) for calculating R* is adopted and extended

further by calculating several other metrics as suggested by Carslaw (2011) and Derwent et
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al. (2010). An air quality model is considered acceptable if more than half of the predicted
values are within a factor of 2 of the observed concentration and faulty if not. Furthermore,
it is recommended that air quality models are considered acceptable if NMB values lie
within the range between -0.2 and +0.2 and faulty otherwise (Derwent et al., 2010). Table
2 shows that both of these metrics for both QRM and MLRM are within in the
recommended range, and hence the performance of the models is acceptable. In addition,
the performance of the QRM is better than that of MLRM, for instance FAC2 and
correlation coefficients for QRM and MLRM are 0.96, 0.82 and 0.82, 0.39, respectively.

Figure 6 compares observed and predicted PM,, concentrations of both QRM and MLRM
with the help of a scatter plot, which is very useful for model evaluation (Carslaw, 2011).
In the scatter plot it is much easier to see where the data lie and to get a feeling about bias,
etc. Relatively more points lie below the 1:1 line (middle line in Figure 5) in case of
MLRM and there seems to be a slight negative bias (under prediction); whereas more
points lie above the 1:1 line in case of QRM, showing slight positive bias (over prediction).
Particularly at high concentration of PM;; MLRM fails to perform and under predicts PMy,
concentration. The dashed lines show the within factor of two (FAC2) region and it is

perhaps worth noting that majority of points lie well within this region.

Table 2. Statistical metrics for assessing the performance of the model calculated for the
testing dataset June 2012 at PME monitoring station in Makkah.

Metric 'ORM MLRM
FAC2 0.96 0.82
MB 25.71 -14.35
MGE 69.66 104.58
NMB 0.12 -0.06
NMGE 0.34 0.43
RMSE 129.06 204.34
R 0.82 0.39
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'QRM stands for quantile regression model; MLRM for multiple regression model; FAC2
for Factor of Two; MB for Mean Bias; RMSE for Root Mean Square Error; MGE for
Mean Gross Error; NMGE for Normalised Mean Gross Error; R for correlation coefficient;
and NMB for Normalised Mean Bias. For definitions and calculation methods of these

metrics see Derwent et al. (2010) and Carslaw (2011).
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Figure 6. Comparison of observed and predicted PM,, concentrations (pg/m’) based on
the testing dataset for June 2012. The middle solid line is 1:1, and the above and below
dashed lines are 0.5:1 and 2:1, respectively. So, the area between the two dashed lines

is the factor of two (FAC2) regions.

4, Conclusions and Recommendation

This study employs a quantile regression model to characterise the effect of several air
pollutants and meteorological variables on PMy, concentration in Makkah, Saudi Arabia.
QRM characterises the effect of covariates at various quantiles, in contrast to the
traditional approaches which investigate the effect of independent variables on the mean of
the dependent variable (here PMyo). The effect of the independent variables (pressure,

relative humidity, temperature, wind speed, wind direction, CO, SO,, NO, NO,, and
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lag_PMyo) was significant at least at one or more quantiles of the PMy, concentrations.
However, the effect of wind speed, CO, NO and lag_PM;, was significant at all quantiles
and hence seems to be controlling most of the variations in PMy, concentrations. Scatter
plots and polar plots were employed to provide further insight into the association of these
variables with PMyo concentration. The model performance is assessed by calculating
several statistical metrics, including R (0.82), MRSE (129), FAC2 (0.96), MB (25.71),
NMB (0.12), MGE (69.66) and NMGE (0.34) and graphical presentation. The values of
these metrics show satisfactory performance of the models, especially that of QRM, which
analyses the whole PMy, distribution and is therefore recommended for modelling PMy, in

Makkah. As a result of this study the following recommendation can be given:

1. QRM analyses the whole PMy, distribution and outperforms MLRM and is
therefore preferred over the traditional linear approach;

2. Multiple linear regression model fails to capture variations in PMyq concentrations
and is not recommended for modelling PMyq in Makkabh;

3. This study uses data from only one monitoring station, therefore it is
recommended to collect data at several sites in Makkah to provide a full picture of
the spatial variations of PM,, in Makkah.

4. No air pollutant emission sources (e.g. road traffic) data were available, which
could further improve the performance of the model. Further work is required to
guantify the emission of PMy, from various sources and analyse their impact on
observed concentrations;

5. Inaddition to statistical models, dispersion model should be run to characterise
different air pollutants and prepare an effective air quality management plan in
Makkah.
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Abstract

During Hajj, many pilgrims do not hold their own identification cards most of the time.
Therefore, idintifying unknown pilgrims is an important role of many hajj authorities. One
of the useful techniques used for this purpose is face recognition. This paper describes a
new face recognition algorithm based on time series motif discovery and its application to
pilgrims identification. At beginning, the face image is located and extracted using Viola-
Jones algorithm, then the resulting facial image is converted into time series from the three
primary colors of the colored face images. This process is done iteratively for all pilgrims.
Whenever an unknown pilgrim is to be identified, motif discovery algorithm is used to mine
the hidden motifs from the time series of the colored face image of that pilgrim and tested
to find the relationship among these generated time series. Because there exist millions of
pilgrims every year, these raw time series need to be reduced in their length to shorten the
run-time. For this purpose, we used dimensionality reduction using Discrete Fourier
Transformation(DFT). Finally the proposed system was implemented in a friendly user

interface demo.

Introduction

Hajj has received a great attention by the government of Saudi Arabia as it is the land of
revelation and it contains the Qibla to which all muslims pray five times daily. Every year,
millions of muslims make their lifetime journy, where they come to Makkah to meet the
inivtaion of Allah and perform the fifth pillar of Islam, Hajj. When they arrive to the lands
of Saudi Arabia, they need the move from a plcae to another visiting the holy cities and
sites. Most of the pigrims do not hold their own identification documets throughout these
movements. There are many cases where some of these pilgrims need to be identified in
order for hajj authorities to provide the best services for them. These applications include
health care, guiding lost pilgrims, identifying authorized and unauthorized pilgrims, and

many others.

There exist many techniques used for identifying people. Some of these techniques use
electronic identification methods, such as RFID tags or barcodes 000. Other techniques

use recognition methods, such as voice, face and meovement recognition O.

The methodology adopted in this paper, is the facial recognition approach, where the

photos of all authorized pilgrims are to be taken during application for Hajj. These photos
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make the core base in our system. As one of the most successful applications of image
analysis and understanding, face recognition has recently received significant attention,
especially during the past few years. In addition, the problem of machine recognition of
human faces continues to attract researchers from disciplines such as image processing,
pattern recognition, neural networks, computer vision, computer graphics, and
psychology. A general statement of the problem of machine recognition of faces can be
formulated as follows: given still or video images of a scene, identify or verify one or more
persons in the scene using a stored database of faces. Available collateral information
such as race, age, gender, facial expression, or speech may be used in narrowing the
search (enhancing recognition). The solution to the problem involves segmentation of
faces (face detection) from cluttered scenes, feature extraction from the face regions,
recognition, or verification (see Figure 1). In identification problems, the input to the
system is an unknown face, and the system reports back the determined identity from a
database of known individuals, whereas in verification problems, the system needs to

confirm or reject the claimed identity of the input face.

Input Image/Video

Other Applications
*Face Tracking
*Pose Estimation

\ *Compression

\*HCI Systems _~

Face Detection

Simultaneously

Other Applications
™, “Facial Feature Tracking
\ *“Emotion Recognition /
*Gaze Estimation _
THCI Systems _~

Feature Extraction | <

Approaches
~, *Holistic Templates
\ ‘Feature Geometry /
\ *Hybrid 7

Face Recognition

Identification/Verification

Figure 1: Configuration of a generic face recognition system.

In this paper, we focus mainly on content-based image retrieval (CBIR), which is shown in
Figure 2. The problem is to search for in image in a large database of digital images 0.
More formally, given a query image, get the “closest’’ image to the query image from the

database.
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Figure 2: Content-based image retrieval (CBIR).

The method adopted in this paper is to get an image for all authorized pilgrims. These
images are preprocessed, i.e., converted to time series based on RGB-color scheme, and
then stored in a database. To identify a pilgrim, his/her photo is taken and converted to a
time series. This time series is searched against the available database, i.e., mining the

time series.

A time series database is an unordered set of n time series while the time series motif of a
time series database is the unordered pair of time series, which is the most similar among

all possible pairs.

The concept of time series motifs was first proposed in 2002 by J. Lin 0. At the same time,
clear descriptions and definitions of the related concepts about time series motifs were
given in details, such as k-motifs 0, the trivial match 0, and so on. Subsequently, more
researchers are focusing on the study of time series motifs mining. In recent years, many
sophisticated papers on the topic were published in top journals and conferences.
Examples include Knowledge Discovery and Data Mining (KDD) journal 0, The Very
Large Data Bases (VLDB) journal 0, IEEE International Conference on Data Mining
(ICDM) 0, ...etc. Furthermore, research results have also been applied in medicine,

environmental studies 0, biology 0, telemedicine 0, weather prediction 0 and other fields.

Time series motifs first appeared in the biomedical sequence analysis and were used to
describe structural characteristics of biological sequences. Its significance lies in the fact

that frequently occurring patterns are often able to reflect some important features of the
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original sequences, such as the special structures of biological sequences, important words

in the voice sequences and special behaviors of robot activities.

In this paper, we will build a detection system to human facial images. This system uses
Viola-Jones algorithm to extract facial area and convert it into a time series, which is in
turn stored in a database for later use in recognition. For a query image, the same
procedure will be applied and the resulting time series will be searched against the
database to see whether it is stored in the database or not.

The paper is organized as follows. In Section 2, a general overview of the proposed system
is presented. Time series of images is discussed in Section 3, and the experimental results

are presented in Section 4. Finally, we conclude the paper in Section 5.

Proposed System

The detection system is composed of two parts as shown in Figure 3. The first part handles
images to build an image database (or gallery). In the second part, the query image is
treated and searchd against all DB images to get a decision of existing or not. In the

following subsections, we will explain these stages in brief.
2.1. Building images database (images gallery)

Figure 3 (left) shows the process of building a time series database of the faces of interest.
First, the frames of faces are extracted from the original photos. In order to extract the

faces, we used the well-known Viola-Jones algorithm 0.

In the next step, RGB colors of the face is concatenated to get a unique vector or time
series of the facial image of 768 in length. To process a million or more images, which is
the case, one needs to care about storage and efficiency. Hence, a compression technique
of the data is a must. There are various techniques for data compression, such as Discrete
Fourier Transformation (DFT), Discrete Wavelet Transformation (DWT), and Piecewise
Aggregate Approximation (PAA). For simplicty of implementation, DFT O is used in our

system. The final setp is to store the compressed time series in a database.

2.2. Query image processing
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For an image query, the same steps are applied as explained in the previous subsection to
get its charactersitc time series. This time series is searched against all DB images to get a
decision of existence. This process is shown in Figure 3 (right).

Figure 3. (left: extract faces, convert to time series, and store in DB. (right): query image process
and search in DB.

Time series of an image

X=X %0 %) ., where M is the number of observations.

A time series is a sequence
Tracking the behavior of a specific phenomenon/data in time can produce important
information. Time series can be very long, sometimes containing billions of observations 0.
A time series motif is a set of subsequences (i.e. segments) of a time series, which are very
similar to each other in their shapes. Figure 4 illustrates an example of a motif. The red
and blue time series shown overlapped on one another are the motifs. The motifs are so
similar such that it is implausible that they happened at random and therefore they deserve

a further exploration.

Motif discovery is a core subroutine in many research projects on activity discovery 00,
with applications in elder care 0, surveillance, and sports training 0. In addition, there has
been a recent explosion of interest in motifs from the graphics and animation communities,
where motifs are used for finding transition sequences to allow just a few motion capture

sequences to be stitched together in an endless cycle 0.
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Figure 4. (top): A motif of length 640 beginning at locations 589 and 8,895. (bottom): by
overlaying the two motifs we can see how remarkably similar they are to each other.

In this paper, the color contents of the image are utilized to generate face image time

series. The image size is reduced to 32x32 Then, RGB primary colors, of size 256, of the
image are extracted and concatenated to form the time series of length 768. For millions of
these time series, this length is of computional cost. Therefore, we need to reduce this
length by using some comressionn techniques. In the following subsection, we explain the
compression technique we used in our system. In subsection 3.2, the motif discovery

algorithmis explained.

Dimensionality reduction

The key aspect to achieve efficiency, when mining time series data, is to work with a data
representation that is lighter than the raw data. This can be done by reducing the
dimensionality of data, while maintaining its main properties. An important feature to be

considered, when choosing a representation, is the lower bounding property.

By this property, given two raw representations of the time series T and S, the following

equation must be true:

d feature(R(T)’ R(S)) < dtrue(T’ S) (1)

where dtrueis a true distance measure for the raw data (such as the Euclidean distance),

and dfeatureis the distance between two time series, in the reduced space, R(T) and R(S) .

If a dimensionality reduction technique ensures that the reduced representation of a time

series satisfies such a property, we can assume that the similarity matching in the reduced
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space maintains its meaning. Moreover, we can take advantage of indexing structures such

as GEMINI 0 to perform speed-up search while avoiding false negative results.
3.2. Motif discovery algorithm

In this subsection, we describe the motif discovery algorithm in detail which is based on
the generated image time series. In this algorithm O, which is shown in Figure 5, we extend
the triangular inequality pruning method to preprocess the time series dataset and utilize
an optimized matrix structure to improve the efficiency of this algorithm. First of all, we

T from time series dataset as the reference time series.

T

randomly select a time series

Then, we calculate the Euclidean distances from other time series to . After that,
according to the Euclidean distances, we make the linear arrangement of these time series

as shown in Figure 6.

Figure 6 presents the differences of Euclidean distances between each pair of consecutive

. . . ) . C. <i<j
time series. In our algorithm, we use the notation lower_bound (C"CJ) (I<i<) to

D(C,.C)) .4 D(C,

denote the difference between C) . For example, based on the

triangle inequality principle, the difference between both sides of the triangle must be

lower_bound (C,,C,)

smaller than the third side. So, must be smaller than the actual

C C

2 and ©3 I the lower_bound (C,,C;)

Euclidean distance between is greater than the

range R, we don’t need to calculate the actual Euclidean distance. Certainly,

C,,C,.C,,andC C

6 are not in the same motif, because the lower bounds from ~2 to other

time series are greater than R. This is a very important point which needs to be
emphasized. We extensively leverage the triangle inequality pruning method to make the
preprocessing on the distances and realize the pruning quickly. Secondly, on the basis of

the preprocessing on the distances between time series, we can construct the time series
matrix. According to the symmetry of the Euclidean distance, the matrix CIII] is a

symmetric matrix. When most of element values in the matrix are 0, C[][]is a sparse

matrix. So, we use a compressed storage structure, which is the triple sequence table

Euc_dist . At last, based on the previous operations, we implement our Motif Discovery
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Euc_dist

Algorithm. In our Motif Discovery Algorithm, the triple sequence table stores

the values of row, column, and distance. The ©C—COUNtL] stores the number of time series

the distances of which to C are less than R . Then, we look for the element with the

largest value in array C—COUNtLTangd add the time series.

Algorithm 1 :Motif Discovery Algorithm

1: Initialize max « 1
2: for i ¢+ 2,m do

3: if C'_count[i] > C'_count[maz| then

4: max ¢ i > get motif center
5 end if

6: end for

7: motif _center <~ C'_max

8: add motif center to motif

9:  © find the time series in Euc_ dist, the distance of each time series to Chpaz is less than R
10: for i ¢ 1,lengthof Euc dist do

11: if Fuc_dist[i|.row == mazx then
12: k « Euc_dist[i].col

13: add C} to motif

14: end if

15: if Euc_dist[i].col == max then
16: k + Eue_dist[i].row

17: add Cy to motif

18: end if

19: end for
20: return motif

Figure 5. Motif Discovery Algorithm

¢ Cr C3Cy Cs Ce
i i : R
N—s_,—271 3 , &
b 7 J ;
| A . ;
A a8, J e
N\ 14 J
g
17

Figure 6. Linear arrangement of time series according to Euclidean distances.

Experimentation
In our experiments, the system is designed to retrieve or match a query image. In addition,
it can also classify the images. In the following subsections, we explain the simulation

program designed for experimenting the proposed system and the results of some cases.

Program design and implementation
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To test the proposed system, we implemented the whole process in one program, run it,
and test it. The motif discovery algorithm was coded using MatLab version 8.1.0.604
(R2013a), run on a computer with a 3.2 GHZ Intel 13 processor and 2 GB of RAM. The
program interface is shown in Figure 7.

)] FinVer_New_Twin_TS_Img_FC_System_Demo = = “
~Preprocess

Load Images Choose Input img Load In_Img

Norm_Dist 13.2 Pl v| Nearest Norm. Dist 0

~Process

hod-

Choos H
" O Match Single Img @® MatchWhole DB Imgs ‘ i Run

(® One Frame.

© Two Frames

‘ View Process View Matching Result ¥ View Classification Result | " TS_Display——

’—ProcessiT i

MatchTwins Compare Twins Runl Twin

L L L L L
300 400 500 600 700 800

Figure 7. The interface of the program.

To verify the accuracy and efficiency of the method, two experiments have been conducted.
The test data for these experiments is from the face recognition database of Essex
University, UK 0, which contains color face images of 395 individuals; 20 images per
indvidual. The total number of images is 7900. One gallery is provided in this database,
which conyains high resolution pictures. In our experiments, 4 color face images of 20
subjects from this gallery were selected, every subject including 4 pictures. The color
images in Essex University face recognition database have already been sampled to 32-by-
32 pixels. First, based on color information, these selected pictures are converted into time
series. Second, DFT algorithm is used to reduce the 768-dimensions. The conversion result

of one subject is shown in Figure 8.
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Figure 8. Conversion of an image to time series.

Retrieval

The subjects (or individuals) were split into two groups where images of every subject are
of different positions in oreder to have varities for query. Then, we run the Motif Dicovery

algoritm for the following cases:

Case 1

guery an image from the gallery against all gallery images: in this case, the query image
was chosen from the stored image DB (or gallery) and queried against the whole set of

images available in the gallery to the find the exact image. The result of this case is shown

in Figure 9.
| B Classification Result ~ O HE
Figure 9. Retrieval of image fom the gallery with its similars.
Case 2

guery an image not in the gallery against all gallery images: in this case, the query image
does not belong to the image gallery and queried against the other images in the gallery to

find the nearest image. The result of this case is shown in Figure 10.
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Figure 10. Retrieval of image fom the query images with its similars.

Case 3
Twin case: to distingush between twins is not an easy task. While DNA tests may fail to

make a distinction between identical twins, face recognition may be able to find some
differences due to environmental changes 00. Here, we give an example of very similar
twins, (with a correllation coefficient = 0.89246%) whose photos and time series are
shown in Figure 11 (left and middle). We tested our system for this case to check wether
our algorithm is able to retrieve the exact image of that twin or not. The results of our
experiments proved that our proposed system is accurate enough to distinguish between
two very similar twins, where the image of one of them was queried against both twin

images and then we got the correct matching results. This is shown in Figure 11 (right).

Twin TS Graph - ol ]

Correlation Coefficient = 0.89248

Figure 11. (left): Twin images, (middle): time series representation,(right): matching

results.

Conclusion

In this paper, the well-known problem of recognition and matching of human faces has
been addressed using the most recent methodology and techniques. The proposed system is
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composed of two stages. In the first stage, the whole images are preprocessed to have only
the facial parts, which are converted into time series and their dimensionality are reduced
using DFT and the results are stored in a database system. In the second stage, the query
image is treated in a similar fashion and is searched against the time series database to
check for its existence in the database. The method is proved to be very efficient and
accurate. We propose to use this proposed method for building an identification systems
for pilgrims during hajj.
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Digital Pen and Paper; A practical Quick win for Hajj
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Abstract

Hajj is the world largest mass gatherings where millions of people of different
backgrounds coming from all over the world gather over a few square kilometers
land, representing a major responsibility to all service leaders in Saudi Arabia to
assure the optimal comfort for guests of Al-Rahman during their Hajj.

Real-time accurate statistical data is crucial to enable leaders to make proper
decisions assure best service delivery and to prevent disasters.

The purpose of this paper is to report on the findings of the experience of
application of digital pen and paper technology in health care service sector and
consider the feasibility & expandability of such experience to other service sectors.

The workflow data associated with patient-doctor encounter starting with the
reception of the patient till discharge, is captured and made spontaneously available
to a business intelligence tool that represent such data in statistical accumulates and
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translated into graphs which in turn is presented on a dashboard to medical
leadership for in-time decision making.

Background & Significance

All Saudi Ministries have major burdens during the Hajj season: where they have
the duty & commitment to provide the pilgrims with the best care facilities and
services. All Ministries have to mobilize resources to deal with the increased high-
load associated with the busy Hajj period, to keep alert to combats any potential
disasters & require real-time monitoring of services provided.

For the Ministry of Health in particular continuous monitoring & statistical analysis
is essential for Planning and management [1-7], especially for quality Hajj health
services, and to combat any health disaster: such as infectious outbreaks, fire,
natural disasters.

Until Hajj 1432, statistical reports were not real-time and accuracy was less than
optimal due to human error: Patient encounters were recorded using ordinary paper.
Retrospective Statistical analysis was done few months later. In search for a new
approach that would provide more user-friendly, less labor intensive, more real-
time method to collect data and represent them to decision makers in Hajj season
right on the spot, several new technologies were examined. The feasibility of
digital pen and paper technology was proposed based on the assumption that the
training curve would be easier since it resembles the old classical paper approach.

Implementation & Technology Used

During the service provider ( e.g Doctor) encounter with the Hajji patient, the
service provider simply write on a
form of special paper that has a
unique dot pattern printed on it to
facilitate stroke capture by the
miniature camera hidden in the
digital pen.

Camera

21EP0 - a)uig B)ooig 2ol il 1€ palo)l céilo)l - caledl Jaul



The pen Camera just behind the Ink cartridge records the strokes on the paper

The special pattern on the paper not
recognized by the simple eye, but

Absolute Coordinate Basic pattern
Adresses

recognized by the camera, tells the rew e Lot
software where the stroke of the ink e v w—
is actually takmg_plag:e on th(_e paper ool . ®
and capture this information in IRASARIRIN -

Below

Right

relation to space and time.

[ i e

By performing what is considered to 1.5mm 0.3mm

be a natural straight forward writing process, data is captured by the digital pen,
recording the exact stroke shape and location, while time stamping those pen
strokes.

The pen has a memory that allows it to capture hundreds of paper forms, this data
would be send to the server on intervals upon what is known as synchronization.

As the digital pen is put in its docking station, data
will be transferred automatically from the pen to a
remote server.

This usually requires a Personal Computers (PC) =
USB port for synchronizing the data captured from

the pens, in the last Hajj we replaced the PC’s by

USB server device, without the need for a computer ‘
beside the pen resulting in significant reduction of A
the cost.

The Pen camera codes the stroke location into the memory, after transferring this
data to the server the data is decoded to recreate the stroke on a similar e copy of
the paper used to write on; by doing so the e-restructure e form looks like a scan of
the original paper.

In addition to that the data is analyzed to the corresponding data fields, check boxes
translates service provider ( e.g Doctor’s) strokes on paper to data entry field
choices on a backend software application, those data now can be sent to the
database. Free text strokes has to be subjected to OCR (Optical Character
Recognition) & is still to be verified before entering it into database.

Data
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Data uploaded in a structured format to the digital pen server, would then be
processed and sent to the data repository, from which a business intelligence
software would start to build statistical data graphical presentation from the
accumulation of data collected from several hospitals or primary care centers. A
friendly graphical user interface was developed to provide healthcare managers and
decision makers a handy multi-touch interactive dashboard to view cumulative
patient data.

Conclusion

The application of digital pen and paper technology was able to utilize the existing
workflow processes with almost no or minimal changes needed. Resulting in
unmatched staff acceptance, with almost no learning curve needed for users to
adopt it, requiring almost No change management from the perspective of the
managers. Yet the return of investment was humongous from the perspective of the
value added to the leaders, decision makers and Hajj guests.

Application of such technology was a great success and excellent return of
investment to support Hajj healthcare services.
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Such experience and such success is easily replicable to other services sectors of
Hajj.
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Gigapixel Images: Towards a Novel Social Network for

Hajj and Umrah
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Abstract

Researchers from different scientific and social fields take the opportunity of Hajj and
Umrah season to collect detailed information from pilgrims on the various aspects of their
journeys and activities. The data collected, and the information processes, are then used to
develop more detailed pictures on the strength, weaknesses, opportunities, and threats
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facing the organization of the Hajj season, be it on the year under investigation or for the
following years. However, such research activities are severely constraint by the time
limit; after all Hajj occurs only once a year, and for only a handful of days. In this paper,
we propose the use of Giga Pixel technology as a means for potentially solving the "time
limitation" problem and providing researchers with a medium of information they can
process all year long. Also, we envisage that giga pixel images could be used as the core
foundation of a new social network site where pilgrims exchange information about their
experiences in Hajj and Umrah, thus providing researchers with unlimited supply of data.
We have already conducted a pilot study that showed promising signs for this project, and
we here report on that experience highlighting the benefits recorded and the challenges
identified.

What is Gigapixel Imaging?
The term resolution refers to the capability of a sensor to observe or measure the smallest
object clearly with distinct boundaries, and thus the resolution of an image is an indicator

of the amount of details that image hold. In digital imaging, pixel count is used to describe

the resolution of an image; the higher the pixel count, the higher the resolution of an image

100 x 100

1x1 Zx2 EE 10 % 10 20 20 50 x50

and the more details that image holds. By way of illustration, below is an example of how
the same image might appear at different pixel resolutions; at a resolution of 2 pixels
(=1x1), the image has hardly
any details, but at a
resolution of 10K pixels
(=100%100), the image is

quite vivid.

Typically, normal digital
cameras will take pictures

with  resolutions up to
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megabytes of pixels; i.e. millions of pixels per image. This allows for considerable amount
of details in a digital image, but what if we can take pictures with resolutions in the realms
of billions of pixels per image? That is what is called a Gigapixel image. For example,
compared to a digital camera typically capturing a 10 million pixels image, the following is
an illustration of a 2.6 billion pixels big, i.e. 260 times larger than the picture one would
shoot staying at the same Sierra Nevada vantage point. Translated into the physical world,
obtaining such resolution (i.e. being able to see the white Jeep) would require a 25 meters
wide image. In layman’s terms, gigapixel images allows you to capture more details in an

image in unprecedented fashion.

How does it Work?

Surprisingly, to produce a gigapixel image one can use almost any consumer (compact
point-and-shoot) camera, though DSLR cameras are recommended for better results. To s
hoot wide-areas and long-distances, cameras —like in normal digital photography — can be
supported with high lenses.
The only difference between
normal digital photography
and gigapixel imaging is
that in the latter case the

camera is mounted to a

special robot-motor which

zigzags the camera across the

target scene, capturing individual photos of smaller sections of that scene as it moves
along. These individual images can then be stitched together, using a specialized software,
to reconstruct the whole scene as one whole composite of a large photo sequence; same as

in a puzzle.*

! For sake of conciseness, we skipped over all the details involved in the shooting and stitching of
the gigpixel imaging, e.g. calibrating the field of view of the camera/lens, correcting for light and
exposure, graphic editing finale image for errors in the stitching process, etc. Interested readers
could refer to www.gigapan.com and www.gigapixel.com for more details.
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The Importance of Gigapixel Imaging?

On commercial fronts, probably the most obvious use of gigapixel images is media. From
London and Paris through Beirut and Dubai to Shanghai and Tokyo, various major cities
around the world are recognizing the importance of gigapixel imaging and are keen to have
360-degree gigapixel images uploaded on the web, even competing on producing the world
larges images in that domain. Major international events are now documented using this

technology, the London Olymbics of 2012 and President Obama inauguration speech® in

2009 are notable examples.

On the Research & Development fronts, perhaps the most obvious uses are in the defense
and security arenas, where such capabilities of digital imaging allow for easy surveillance
of large areas. Evidently, an ongoing research on producing the world’s first gigapixel

camera is supported by the Defense Advanced Research Projects Agency in the USA [2].

Between Commerce and R&D, gigapixel imaging offers so many opportunities for other
applications and scientific uses. In its June 2012 edition, for instance, the journal of Nature
provides an example from an observation of swans in North Carolina’s Pocosin Lakes

National Wildlife Refuge Area. A single gigapixel image of the lake allows researchers to

! In fact President Obama inauguration speech is the most popular photo hosted on
www.gigapan.com, viewed more than 15,163,303 times when this was written.
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count the exact number of swans at one time across an extremely wide area, something that
would be technically impossible without such a powerful technology. On the Web front,
gigapixel imaging revolutionize the concepts of Interface and Content Navigation. With
gigapixel imaging, the browsing experience of users will be transformed from the linear-
fashion of navigation through hyperlinks to the nonlinear fashion of zooming-in to the
information we want [3] — exactly as one would do when flipping through the pages of a
publication in a random and non-sequential fashion, which arguably may be the best way
to graze information quickly and effectively.

In a nutshell, albeit quite simple a concept, gigapixel imaging essentially shifts the whole
paradigm of digital photography from “where to point your camera?” to “which data you
want to mine out of your image, and how?” as images now become a repertoire of

knowledge rather than just a mere photograph.

How Could Gigapixel Imaging Serve Hajj And Umrah Research?

With its ability to capture gigabytes of information in a single image, gigapixel
photography can help in Hajj and Umrah research in so many ways than one. For example,
the documentation of, say, day of Arafat (<=lé_e 4& 5) no longer needs to be done in a mix of
fragmented picture shots, together with narration or written articles. Instead, a single
gigapixel image covering the area of Arafat can be taken and saved for future reference,
where users and/or researchers can navigate and inspect the slightest of details of that day;
it becomes like freezing that moment of time in a single file. Also, like the above example
of counting swans in North Carolina’s Pocosin Lakes National Wildlife Refuge Area,
gigapixel images can be used for counting pilgrims, in various parts of Mecca and during
various times of Hajj and Umrah season. This could have crucial benefit for planning
purposes and/or crowd management and traffic control. Indeed, gigapixel images could
also be used for traffic monitoring on the roads of, or leading to, Mecca. They can also be
used for security monitoring, archeological monitoring, and disaster/crisis management.
Perhapse the most important part of using gigapixel technology is overcoming the time
constraints for Research during the Hajj and Umrah season. Instead of being limited to the,
say, 10 days of Hajj, researchers now can use gigapixel images as a source of data they can
refer back to again and again all-time long. Of all the potential applications of gigapixel

technology in Hajj and Umrah, we are particularly interested in Social Media. To be
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precise, we propose using gigapixel images taken in Hajj and Umrah as a base for a novel

social media platform, with the key word here being platform.

There is a subtle, yet very significant difference between a Website and a Web Platform.
Stripping them to the bones, many websites are just digital brochures: here are the latest
events, here is the map, here is the contact information, etc. The ultimate objective of a
website is participation from audiences; buying a product, reading a news article, viewing

a picture, etc. Platforms, by contrast, focus on collaboration from the community. In

platforms, your content is incrementally enriched by participation from your users, e.g. in

wiki collaborative editing. Also, your community is not just your visitors or users. Rather
the community extends to application developers who use your open API (Application

Program Interface) to provide more value added services, like what Facebook game

developers do for Facebook users, for instance. Operating from a platform, radically and

vastly increases the organization’s activity and online presence. Google operates from a

platform; Facebook operates from a platform; Local Smile operates from a Platform; even

Hi5, after losing the social network battle to Facebook, has repositioned itself as a platform

for social gaming.

We see a great opportunity for developing a Social Network Platform, based on hosting

gigapixel images Hajj photos and allowing visitors to tag people and share their own

photos and experience during Hajj and Umrah activites. There so many reasons this idea
could be successful.

e The idea is Novel: To our best knowledge, there is no such platform so far, though the
need does exist as many people would like to share their experiences in Hajj with
family and friends, and many more people would like to know firsthand information
about what to expect in their Hajj journey and benefit from those who preceded them.

e The idea is Viable: The key factor to success of any social network site is to find that
"killer reason™ that convince users to come to your site in the first place. We believe we
found that need in the form of Giga Pixel images that captures the moments and places
of Hajj with unprecedented levels of details. Thus the site will attract previous pilgrims
who would like to see themselves in the presence of holy places and in those unique
moments of time that no individual pilgrim has the time or tools to capture while doing

his religious rites. They will be able to relive the moments, identify themselves out of
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the crowd to their family and relatives, tag their friends and those who shared the trip
with, etc.

The idea is Sustainable: You can keep people coming back and encourage them to
engage and upload their photos, stories, etc. Also, adopting the platform approach, you
can open the door for applications and games that provide value added services to the
visitors and the site itself. For example, an application may acquire photos of a certain
place uploaded from different users, and use all these photos to generate 3D models
Microsoft already applies that idea in Photosynth [7]. Now such an application will be
useful for users as they can recall their experiences in 3D, not just 2D. Another
application could use mobile GPS technology to provide location-based and time-
stamped journals of pilgrims’ journey. The possibilities are endless.

The idea is Scalable: The same above ideas we discussed for photos and applications
based on Hajj Locations are also applicable for national and high profile events and
locations all over the KSA, e.g. national festivals, national conferences, tourist
destinations, etc. We can, for example, start "Know your Country" program where we
can take Giga Pixel images from all around KSA, preferably pictures related to
academic material in school History and Geography books. This way students and
teachers will have a reason to go and play around with pictures, share them, add their
own pictures of these locations, etc. Thus, we could potentially grow from documenting

not only the history of Hajj but the history of KSA as a whole.

The benefit of the proposed social network to Hajj and Umrah research is manifold. It will

act as a data bank and an encyclopedia of Hajj, tracing and documenting the

time/process/activities of Hajj and Umrah over time, by acting as a central archiving and

sharing hub for Hajj images. Also, with potentially millions of pilgrims viewing or adding

their photographs and exchanging information and experiences of Hajj, researchers will

now have an unprecedented recourse for data on pilgrims opinions and sentiment regarding

their Hajj experience, things they liked, problems they faces, solutions they propose, etc.

Also, researchers will have a center point they can go back to for conducting surveys and

communicating with pilgrims all years long, and through very cost effective means.

Finally, the social network will contribute to raising public awareness of the Hajj, and
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proactively guiding pilgrims on what to do, expect, or avoid during their visit to the

Kingdom.

Pilot Cases and Lessons Learnt
To provide a proof-of-concept for the use of gigapixel technology in documenting Hajj and
Umrah we carried three pilot project where we have taken gigapixel images for:

1. The night of the 28" of Ramadan in 2013 (1434 Hijri)

2. The day of Arafat in Hajj of 1434H

3. The day of Mina in Hajj of 1434H
In all the three pilot projects we used the following equipment for shooting our gigapixel
images:

e Canon EOS 5D Mark Il 22.3 MP, Full HD video, SLR Camera, with EF 24-

105mm f/4 L IS USM Lens

e Canon EF 600mm f/4 L IS Il USM Lens

o RODEON VR Station Heavy Duty

¢ SAMSUNG Ultrabook, series 9, i5, 1.7GHz, 4GB RAM, 128GB HD, 13.3 inch

screen

We also used the following equipment for stitching the individual images into the final
result of the whole composite one:

o RODEON Preview version 2.0

e PTGUi Software version 9.1.9
The pictures below illustrate the results of photo shooting in the night of 28" of Ramadan.
The project involved the shooting of 1350 pictures (450 images, with three levels of
exposures for each on), and resulted on an overall image of 26 gigapixels. We also
developed a dedicated website [6] where we upload the gigapixel images for interactive

navigation online.
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Throughout the three projects we got very encouraging results, and the experiments
confirmed all the possible applications of gigapixel images that we referred to above. Even
more, we realized there could be other applications for gigapixel imagines in the daily
maintenance and operational of the Holy Mosque, as the images could reveal spots that
needs attention of maintenance operation, e.g. a broken lamp, a tired area that needs
attention, etc.

On the negative side, we
had problems with the
battery of the Robot
and/or Camera running
out of charge quite
quickly and  ruining
some sessions. We also,
had problems with the

computing power of the

laptop machine we used,

compared to the intensive computing power required to process and generate the gigapixel
images. Indeed, none of the final gigapixel images for the three projects could be generated
using the laptop we used. Instead we had to revert to a dual-processor desktop machine to
produce the final images. Finally, and perhaps most importantly, we had great difficulty in
shooting scenes with a lot of movement therein. This has resulted in the so called ghosting
problems in the final stitched image, see the picture. While this problem could be
overcome using the masking feature of the PTGui software we used, where we can trace
the stitches and use the original individual images to mask out any anomalies of the
stitches process, this would typically consume an inconveniently large amount of time and
effort. So, we believe the gigapixel images would be more suited for scenes where you can
guarantee a minimum degree of movements within that scene. Also, in order to take that
project to a larger scale, we would typically need some for of cluster computing or cloud

computing environment.
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Abstract

This study has examined the pilgrims’ problems, their problem related communicative
ecology, their satisfaction levels with the services provided and the impact of
communication contacts on satisfaction in a probability sample of 439 Pakistani pilgrims.
The housing quality, the transport problems, and the train problems emerged as the most
important problems alongside a number of other problems. The pilgrims’ communication
ecology in problem situations comprises eleven communication sources. Of these, contacts
with family/friends and co-pilgrims made top of the list followed by such community
organization sources like information counters, tour operators, and the Hajj mission
officials. The mediated sources of contacts with the ethnic newspaper (the Urdu language
newspaper), and the mainstream Saudi mass media ranked the 3" & the 4™ The Internet
and the digital billboards were each cited in less than 10 percent of the responses.
Stepwise multiple regressions revealed that the most important sources of impact on
satisfaction were contacts with community organizations, family/friends & co-pilgrims, the
ethnic newspaper and the digital screens. Implications of the impact on satisfaction are
discussed and a set of recommendation derived for communicating with the pilgrims.

Introduction
Significance & Rationale of the Study

A central issue behind any effort at communicating with the pilgrims is to help
them avoid problems or empower them to overcome a problematic situation. Since
researchers and respondents may differ on exactly what might or might not be a
problematic situation, we believe, in line with phenomenological school of communication
research, the pilgrims need to self-identify the problems they face through open-ended
queries. That is, we want to tap the problems’ ground-reality, the actual problems the
pilgrims face on the ground, rather than getting them to respond to fixed-response
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researcher-inspired queries commonly prescribed by the methodologies of the positivist
school of communication research.

Primarily, the present study tries to advance discussions on the issue of the
problems the pilgrims face and how best to communicate with the pilgrims about their
problems in order to facilitate them. In this regard, the present study makes two
assumptions: (i) that the pilgrims themselves are the best judge of the kind and nature of
difficulties and problems they face and the communication connections they make to deal
with those problems, and (ii) that the pilgrims, in order to resolve their difficulties, operate
in the context of the best available communication choices or channels. That is, the study
assumes that the use of a particular communication channel by the pilgrims should not be
looked at in isolation from other communication channels available to them.

The broad research question the present study, therefore, seeks to answer is: what
problems do the pilgrims face during their Hajj and Omrah sojourn and what problem
related communication connections do they make; i.e., communicative ecology do they use
to overcome those problems? If the pilgrims’ communicative ecology results in some
resolution of the problematic situation for them then a corollary of the above question
ought to be as to how satisfied are the pilgrims with the quality of services being provided
to them by various agencies serving them? We believe, generating such type of
information may be a significant prerequisite for a scientific approach to developing a
pilgrims’ reach strategy. Such information may also help guide the efforts of researchers,
communication practitioners, and the campaign planners seeking to effectively
communicating with diverse communities of the pilgrims.

Literature Review

Communication ecology: what is it and why does it matter?

The term communication ecology is an expansion of Marshall McLuhan’s notion
of media ecology (1994) and highlights the need for mass communication research to
consider audience members' media connections in context of each other. It includes
individuals' interpersonal and organizational communication connections (Katz, Ang, &
Suro 2010). Comprehensive conceptualization of communication ecology is found in Katz,
Ang, & Suro (2010), Matsaganis, Katz, & Ball-Rokeach (2010), and in Wilkin, Ball-
Rokeach, Matsaganis, & Cheong (2007). The substance of the conceptualization is the
following: that communication ecology refers to systems of interpersonal, mediated, and
organizational communication options that individuals can connect with in order to achieve
everyday life goals, and that people act after considering their communication channels in
context of each other and they usually connect to more than one communication option for
a particular type of goal, and that individuals’ communication ecologies are goal-type
specific. The idea that human communication behavior is goal-directed and that people
develop their own communication systems or ecologies that represent their web of
interpersonal and media (new and old/mainstream and geo-ethnic) connections is a core
idea in communication infrastructure theory (CIT) and its theoretical precursor media
system dependency (MSD) theory (Wilkin, Ball-Rokeach, Matsaganis, & Cheong, 2007).

In terms of these two approaches, people rely on different communication sources
to various degrees in order to accomplish three main types of communication goals, the
goals of understanding, orientation, and play (Ball-Rokeach, Rokeach & Grube, 1984;
Ball-Rokeach, 1998). Wilkin & Ball-Rokeach (2006, p.307) interpret these goal-types
thus: The understanding goal involves making sense of one's own self or ‘internal world'
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(self-understanding) and/or making sense of the social environment or the 'external world'
(social understanding). The orientation goal has to do with interacting with other people
effectively (interaction orientation) and/or navigating or problem-solving one's
environment effectively (action orientation). The play goal has to do with entertaining or
amusing oneself (solitary play) and/or having fun with or socializing with others (social
play). The notion of communication ecology is quite inclusive and allows for such
communication sources like new and old, mainstream & geo-ethnic media, interpersonal
communication channels, and communication outreach of community-based organizations.
It comprises the population's neighborhood storytelling network (NSN) and the related
communication action context (CAC) within which the NSN unfolds. The NSN is broadly
any kind of communicative action that is about the residents and their communities, and
that relates to residents’ lives in those communities (Ball-Rokeach, Kim, & Matei, 2001).
The CAC refers to the physical and social architecture of the residential neighborhood of
individuals within which communication takes place and it enables or constrains the NSN
(Jung & Ball-Rokeach, 2004). In terms of the degree of communication incipience that a
particular CAC affords the residents, the CAC could be characterized as open or closed.
CAC comprises such elements as street safety, transportation, shopping areas, law
enforcements, health care services etc.

The most important potential benefit of examining the problem-related
communicative ecology of the pilgrims is that this approach shall help us identify the most
important communication channels for building a communication campaign and for
maximizing its effectiveness.

Objectives of the Study

Given the foregoing, the main objectives of the study are:

1. To statistically describe and rank order the problems that the Hajj &
Omrah pilgrim communities self-identify.

2. To statistically describe the pilgrims’ most important communication
connections/behaviors about their problems.

3. To determine the pilgrims’ degree of satisfaction with the services
available to the pilgrims.

4. To determine the degree to which the pilgrims’ communication
connections impact upon their level of perceived satisfaction with the
services provided to them.

Methods

Instrument Development

A research instrument was pilot-tested on a limited set of Omrah pilgrims from
Pakistan in the month of Ramadan 1433 (H). The finalized instrument contained a mix of
open and close-ended questions. A code definition sheet and coding scheme for the open-
ended questions on the pilgrims’ problems and their problem-related communication
connection was created by the authors and two trained coders. Inter-coder agreement in
coding the pretest data on problems and problems-related communication connection was
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over 90 percent. Disagreements were resolved through elaborating category definitions in
code definition sheet.

Sample & Data of the Study

439 interviews were completed from a sample of Pakistani pilgrims selected
through a combination of stratified-systematic and simple random sampling procedures.
Buildings were stratified on the Hajj scheme of the occupants (the government scheme and
the private scheme) and the size of the buildings determined on the basis of the number of
pilgrims housed in a building (the small buildings and the big buildings). A total of twenty
buildings were systematically selected from the big and the small buildings’ strata. From
each building twenty male adult pilgrims were randomly selected for interview. Data
collection was carried out within the housing units of the pilgrims during the time slots
when most of the pilgrims were expected to be in their housing units.

Concepts and measures

The Hajj and Omrah related problems were the situations that the pilgrims
themselves perceived as causing difficulties, and hindrances in the attainment of their
everyday life goals during their Hajj sojourn. The identified problems were not necessarily
personally experienced by a pilgrim himself but could be vicariously experienced as well;
i.e., learning of the problematic situations experienced by co-pilgrims. Some problems may
be perceived as more serious and salient than others. Operationally, the pilgrims’ problems
were tapped through such open-ended questions as: Did you or people around you face any
situations during your stay in the Kingdom for Hajj that in your view created difficulties,
complications or hindrances or problems for you or people around you. Pl. hame as many
problems as you can recall. This query was followed up by another: “Of these, what do
you think are the two most important problems that need immediate attention of the
authorities to facilitate the pilgrims in performing problem-free pilgrimage?” All the
responses were listed as stated. These were initially coded into 90 categories in addition to
a catch-all “cannot code or miscellaneous” category. Similar problems were collapsed
together to yield fourteen broad categories. The names and description of the categories is
provided in Table 1.

Problems related communication ecology of the pilgrims referred to the pilgrims’
actual or potential use of all the various communication channels available to them in
problem situation. This meant actual or potential use of various communication channels
not in isolation from each other but in context. Thus a pilgrim might use more than one
channel in a situation. Additionally, it also implies that some communication channels
might be more important, useful and/or convenient than others. Thus a pilgrim’s
communication ecology implied a perceived rank order of the channels also in terms of
their use and utility. Operationally, it was tapped through a two-item query: an open-ended
and a close-ended. The former asked: “Thinking about all of the different ways of
communicating and getting information or practical help about problems during your stay
in the Kingdom — like using TV, radio, newspapers, pamphlets, books, magazines, the
Internet, talking with the Mualam or his agents, tour operators, going to information
counters, friends, talking to family, friends, and co-pilgrims, government officials, and
dars organizers in the neighborhood masjid -- pl. name two most important channels that
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you used or would like to use to get information when faced with problematic situations?
The potential responses were coded as micro-individual or interpersonal contacts with co-
pilgrims, family or friends, contacts with community organzations like the dars organizers,
mualams, sector incharge and information counters, and contact with the local and the
mainstream media, digital screens, and the online media.

The fixed-response query, a 3-point scale ranging from 1 “never” to 3 “often” was:
How often do you use each one of the following sources? The sources ranged from Saudi
mass media, digital screens, Internet sources/YouTube and local language media to co-
pilgrims, tour operators, information counters, Hajj officials, & dars organizers in the
neighborhood mosques. These fixed response questions indicated the intensity of
connections to various interpersonal, the mediated, and the community communication
sources. Whereas contact with interpersonal and media sources were all single item
measures, the communication contact with community organization was the mean score of
a 5-item additive index comprising the pilgrim’s contacts with the mualam (the KSA
government-authorized hajj companies) or his agent, the tour operator, the sector-incharge
of the Hajj-mission, the information counters, and the dars-organizers in the neighborhood
mosques.

Additionally, data on a number of demographic variables was collected. These
included: the age in years, ratio level measure, the education as degree/certificate
completed: an interval level 5-point scale ranging from 1 “Did not go to school” to 5
“Master or higher degree”, the Hajj family status of the pilgrims (a nominal variable
indexed by whether performing Hajj alone or with female members of the family), the
prior Hajj pilgrimages performed (number of times performed Hajj previously), the Hajj
scheme under which performing Hajj (through the government system or through the
private tour operators).

Degree of satisfaction with the services provided by various agencies in facilitating
the pilgrims during their stay in the Kingdom conceptually referred to the extent of the
pilgrims' perceived satisfaction with the services provided. Operationally, perceived
satisfaction with each agency was indexed by a 5-point Likert-type item ranging from 1
very dissatisfied with the service or behavior of the officials to 5 very satisfied capturing
the pilgrims' degree of satisfaction with each of the service provider. Two types of
satisfaction variable were looked at; viz, satisfaction with Saudi services & satisfaction
with Pakistani services. Satisfaction with the Saudi services was a mean score on a 7-item
additive index comprising such items like satisfaction with the services provided by the
Saudi government authorities in general, the Mualam or his agent, the immigrations
authorities, the bus transport and the private taxi services, the crowd management services
in and around the Haram area, and the housing facilities. Satisfaction with the Pakistani
services was a mean score on a 3-item additive index comprising degree of satisfaction
with the services in general of the Pakistani government and Hajj mission officials, the
services provided by the tour operators/and their agents, and the services provided by the
Pakistani health authorities.
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Data Analysis and Results

Statistical Procedures Chosen

Descriptive statistics were used for objective 1, 2, and 3. Data analysis strategy for
the final objective entailed the use of stepwise multiple regression procedures where each
of the two criterion indices of satisfaction was regressed on nine predictors in all; viz, three
demographic predictors of age, education and the Hajj scheme and six communication
contact variables. The four mediated communication contact variables of i) the extent of
contact with the Saudi national media, ii) the extent of contact with the digital
screens/billboards, iii) the extent of contact with the Internet, and iv) the extent of contact
with the ethnic newspapers (the local Urdu language newspaper) -- all originally 3-point
scales (ranging from 1=never to 3=often) — was each transformed into a two-point scale
(1=never contacts; 2=contacts the source) through collapsing together the sometime
contacts and often contacts categories. This was necessitated due to very strong positive
skew in the data. The other two communication contact variables were the extent of
contact with family, friends and co-pilgrims [a 3-point scale (Mean=2.79; SD=.79)], and
the extent of communication contact with community organizations [a 5-item mean
additive index (Mean=1.39; SD.30) comprising contacts with the Mualam or his agents,
the Tour Operator/agents, the Sector Incharge, the Information Counters in the buildings,
& the Dars Organizers in the neighborhood Masjid].

Results

Tables 1 & 2 report the findings on the first objective. Table 1 reports and rank
orders the pilgrims’ response to the question: what problems/difficulties/complications did
you or the people around faced during your stay in the Kingdom (pl. mention all that you
can recall). 317 usable cases provided 611 responses. About 51.0 % of the responses
identified one problem, roughly 34.0% of the responses identified two problems, and
another about 15.0% of the responses mentioned three problems. Table 1 provides four
pieces of information: the definitional details of the categories, the total number of
responses for each category, the percent of responses for each category, and the percent of
cases giving each response.

Table 2 reports multiple response analysis of the query, “Of all the problems you
faced, please tell us in order of importance the two most important problems that you
faced”. Each of the first mentioned and the second mentioned responses were initially
coded into sets of 14 broad categories. The two categories of the poor quality housing, and
the distant housing/the housing located on height were collapsed together into a single
category of the housing problem as were the two categories of the amenities in Masha’er
and the overcrowded tents in Masha’er together into a single category of the amenities in
Masha’er. Each of these twelve first mentioned and the second mentioned sets of
categories were then coded through multiple dichotomy method of coding. These
variables then constituted the variable sets in multiple response analysis of top two
problems encountered by the pilgrims. As the table shows, 296 cases provided 437
responses coded into 12 problem categories. Table 2 shows that the housing related
problems, the transport problem, the train problem, the problem of high cost of living, the
problem in Masha’er, and the problem of high taxi charges occupied the first six ranks
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constituting 80% of the responses. The rest of the six problem categories together
constituted merely 20% of the responses.

Tables 3 and 4 together provide data on the second objective of the study. Table 3
gives a rank order of top two sources of communication contacts in problem situations
among the eleven communication sources. Out of 715 multiple responses from 391 cases,
the micro-individual source of contacts with family/friends and co-pilgrims figures at the
top, the community organizational sources of contacting the reception/information
counters, the tour operators, and the Pakistani Hajj ministry officials respectively occupy
the second and the fifth positions, whereas the mediated sources of ethnic newspapers, the
Saudi mass media, and the Internet/YouTube occupy respectively the third, the fourth, and
the sixth positions. Table 4 reports the intensity of contact or the extent of contact with
each of the communication source. The intensity of contact in the table is visible through
the univariate distribution of the proportion of pilgrims contacting each source on a 3-point
scale ranging from 1= never to 3 = often, and through the mean use of each source.

Table 5 reports findings on the third objective of the study; i.e., the degree of the
pilgrims’ satisfaction with the services provided. The most amount of satisfaction is
evidenced with the services in the areas of cleanliness and hygiene and the highest amount
of dissatisfaction is registered for the services in the area of taxi and private transport
(Mean=2.04, SD=1.25) and the services provided by the mualams/and their agents
(Mean=2.67, SD=1.36). The Pakistani pilgrims’ extent of perceived satisfaction with the
services provided by the Pakistani government and Hajj mission authorities does not seem
great. The mean scores on all three items of perceived satisfaction with the Pakistani
services [Pakistani government and mission officials (Mean=3.65, SD=1.18), tour
operators/their agents (Mean=3.05, SD=1.44), and the Pakistani health services
(Mean=3.79, SD=1.07)] fall below the satisfaction threshold score of 4. That is, on the
average the pilgrims feel neutral (neither satisfied nor dissatisfied) or at most somewhat
satisfied with these services.

Table 6 reports the results of the regression of the two criterion indices on three
demographic control variables of age, education, and the Hajj scheme and the six
communication contacts variables. The 3-point scales of the four predictors of contacts
with mediated sources; viz, the Saudi mass media, the ethnic or the Urdu language
newspapers, the Internet/YouTube, and the digital screens were all dichotomized at the
median into two groups (those who never contacted the source and those who contacted
the source).

We found statistically significant effects of communication contacts with the
community organizations, the family/friends & co-pilgrims, the ethnic media (the Urdu
language newspaper), and the digital screens on satisfaction with the services provided by
the Saudi government and the Hajj authorities. Nevertheless, the direction of impact of
these four communication contact predictors is interesting. The table shows that whereas
the increased communication contacts with community organizations and co-pilgrims leads
to greater feeling of satisfaction with the Saudi government services, the communication
contacts with the ethnic media (the Urdu newspaper here) and the digital screens led to
decreased satisfaction with the quality of services provided.

Specifically, one standard deviation unit increase in contact with community
organization leads to .27 standard deviation unit increase in satisfaction. This translates
into something as .08 units increase in the pilgrims’ satisfaction (.27 x .30 = .08).
Similarly, one standard deviation unit increase in contacts with family/friends and co-
pilgrims leads to .17 SD unit increase in satisfaction, which is .14 units (.17 x .82=.14).
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Communication contacts with the Urdu language (ethnic) newspaper and the digital
screens negatively impacted upon the satisfaction levels after the effects of all other
predictors in the model are controlled for. That is, a pilgrim who uses the Urdu language
newspaper becomes .21 units (.23 x .89=.21) less satisfied with the services provided by
the Saudi government authorities. Similarly, a pilgrim who uses the digital screens
becomes .07 units (.15 x .48=.07) less satisfied with the Saudi services.

In the case of satisfaction with the Pakistani government services, only two
predictors; viz, communication contacts with community organizations and contacts with
the Urdu language newspaper produced statistically significant effects. Here too, the
increased contact with the Urdu language newspaper is found producing decreased levels
of satisfaction with the services. Specifically, after controlling for the effects of all other
predictors, an increase of 1 SD unit in contact with community organizations leads to .28
SD unit; i.e., .08 unit (.28 x .30=.08), increase in the level of satisfaction. On the other
hand, a pilgrim who uses the Urdu language (ethnic) newspaper becomes .18 units (.20 x
.89=.18) less satisfied with the services offered by the Pakistani Hajj authorities

An analysis of the case wise diagnostics and the standardized residuals indicated
that the errors in the models were within the acceptable limits. Less than one percent of the
standardized residuals had values more than 2.58. The Cook’s distance statistics and the
leverage values were less than one and close to zeros. Hence the models fitted the data
quite well. As for the generalizability of the models, the adjusted R* values were compared
with the R® values for shrinkage. The adjusted R® values minimally differed from the
unadjusted R? values in both the models (cf. Table 9). Additionally, the linearity and the
homoscedasticity assumptions were respectively examined through the P-P plot of the
standardized residuals and he scatterplot of the regression of standardized residuals on the
standardized predicted values. The visual inspections did not seem to support violation of
these assumptions. The values of the Durbin-Watson statistics of both the models were
close to two and in no case were less than 1 or more than 3 and thus supportive of the
independence of errors assumption as well. The VIF values ranged between 1 and 2 and all
were well below 2 and hence did not give any cause for concern for multicollinearity. In
sum all these parameters indicated that both the models not only fitted the observed data
well but also were safely generalizable to other samples from the same population.

Summary of the Main Findings

Overall, the Pakistani pilgrims may be said to have faced fourteen broad categories
of problems. And of the two most important problems, over 80% of their responses were
about six categories of problems. Out of these, top three ranks were taken by: the housing
problems, the transport problems, and the train problems (see Table 2 for a description of
these and the rest of the problem categories and their respective frequency distributions).

As regards the pilgrims’ problems-related communication ecology, four aspects of
all the communication contacts available to them were looked at. Top five ranks of the two
most important sources of communication contacts (comprising over 82% of the 715
responses) respectively belonged to the family/friends & co-pilgrims (a micro-individual
source), the housing reception/information counters (a meso-level community organization
source), the Urdu-language newspaper (an ethnic media source), the Saudi mainstream
mass media (a macro-level societal source), the contacts with tour operators (a meso-level
community organization source) tied with the communication contacts with the Pakistan
Hajj mission officials (a meso-level community organization source). In terms of the
intensity of the contacts, the rank order of the sources respectively was: family/friends &
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co-pilgrims, the tour operators, the information/reception counters, the Urdu language
newspaper, and the Saudi national media. Clearly, the interpersonal contacts with micro-
individual and the community organizational sources were predominant and more intense
than the mass mediated sources in the communication ecology.

As regards the degree of satisfaction with the services provided by the Saudi and
the Pakistani authorities, on average most satisfaction was registered for the cleanliness &
hygiene services in and around the Haram Shareef followed by the crowd management
services and the Saudi government services in general such as the guidance and the
information services, the security & law and order and the Saudi health services. On
average the pilgrims tended to be less than satisfied with the Pakistan Hajj mission
officials and health services. On average, dissatisfaction may be said to have been
expressed for the private transport service and the services offered by the mualams and
their agents. The pilgrims tended to feel neutral, on average (neither satisfied nor
dissatisfied), about the services offered by the tour operators.

In terms of the impact of communication contacts on the pilgrims’ satisfaction
with the services of the Saudi and the Pakistani Hajj mission authorities, contacts with
community organization and co-pilgrims had a positive effect on the level of satisfaction
with the Saudi services after controlling for the effects of the rest of the eight predictors
(age, education, the Hajj scheme, the contacts with the co-pilgrims, the contacts with the
Internet, the Urdu language newspaper, the digital screens, and the Saudi national mass
media). The contacts with the Urdu language newspapers and the digital screens, however,
impacted negatively on the pilgrims’ levels of satisfaction. As for the satisfaction with the
services provided by the Pakistani government authorities, it was found that only the
contacts with the community organizations and the contacts with the Urdu (ethnic)
language newspaper had statistically significant effect. The contacts with community
organization had a positive and the Urdu language newspaper had a negative effect on
satisfaction with the Pakistani services after the effects of all the other predictors were
controlled for.

The study did not examine as to why the digital screens and the Urdu language
newspapers were producing negative impact on the satisfaction levels. One may easily
speculate, though, that it may be due to the nature of the contents in the two mediated
channels. Nevertheless, the possibility of the contents critical of the government services
on the digital billboards (largely a public service announcement tool) is out of question.
Similarly, in the absence of any content analysis of the Urdu language local newspaper,
any inference about the Hajj coverage being negative might be largely out of place. It may
well be likely that the coverage in the newspaper was unhelpful to the pilgrims in resolving
their immediate problems. And this frustration with the newspaper might be undermining
their satisfaction with the overall services being provided. But, of course, an examination
into the nature and the relevance of the content would be needed before any definite
conclusion can be drawn. Our previous study about the uses and the effects of the digital
billboards has shown that the Pakistani pilgrims failed to benefit from the billboard
messages despite using the screens due to the language barriers and such message display
factors like the crowded text, the scrolling speed of the text, the type-size of the text, and
the irrelevance of the text to the practical needs of the pilgrims. Hence the resultant
dissatisfaction of the pilgrims with the practical utility of the billboards screens in catering
to their problem-solving needs might also be getting projected on to their level of
satisfaction with the services provided.
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Recommendations

On the basis of the present study’s objectives and the findings, the following
recommendations are suggestible:

1.

2.

3.

Strict monitoring of the quality of the housing being provided by the native
government’s Hajj missions and the tour operators.

Adequacy of the public and the private transport to and from the housing and
to and from the Masha’er needs to be ensured.

Some monitoring mechanism of the high taxi charges needs to be devised.
Crowdedness on the train platform and the areas outside the train station needs
to be managed, and if possible the number of train stations need to be
increased.

Among the amenities in Masha’er, attention needs to be given to the provision
of more toilets and eateries, and to the overcrowded tents.

For communication with the pilgrims and for the diffusion of relevant and
practical information to the pilgrims and for persuasion and positive attitudes,
greater reliance is needed on such community organization resources like the
reception and information counters, tour operators, and the Hajj mission
officials, the dars organizers in the neighborhood mosques. Community
organizations and interpersonal resources hold greater promise and can be
more efficiently deployed for message communication and for improving the
overall satisfaction of the pilgrims.

The mediated channels are either having no effect (like the Saudi mainstream
media) on the satisfaction levels of the Pakistani pilgrims or producing
dissatisfaction (like the Urdu language newspapers and the digital screens).
Hence the quality of information and the text display on the digital billboards
needs to be improved.

Also, the content of the Urdu language newspapers need to be examined and
harnessed in a manner that the pilgrims’ level of satisfaction with the quality
of services being offered by various agencies is increased.
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Table 1
Problems the Pilgrims Faced in Hajj 1433 (H): Rank Order of Frequencies of All Problems

Responses Cases

,\Slg Problem Type (N=611) | (N=317)
' N % %
Train Problem: crowdedness on the platform & outside, deaths,
1 distant station 7 159 306
2. Transport from Housing: Unavailable, delayed, not direct 90 14.7 28.4
3 Housing Quality: poor, dirty, bad conduct, few toilets, crowded 74 121 233
' rooms, lift broken, fam. split, no prayer hall & bus stop ' '
4. High Taxi Charges 46 7.5 14.5

Amenities in Masha’er: few eateries & toilets, no power &
5. water supply, drinking water & food in camps, no transport, no | 45 7.4 14.2
complaint offices

6. Housing Distant & on Height 38 6.2 12.0

7. Restaurant s around Haram: few, expensive, food quality bad. 37 6.1 11.7

Haram-related problems: toilets crowded, pick-pocketing, wheel
chairs (unavailable, charges high, offices not found), barber

8. shops, mix-up of sexes in Mataaf, security staff conduct, Health 31 5.2 9.9
clinics around Haram Shareef.
9. High cost of living 29 4.7 9.1
10. Overcrowded Tents in Mash’aer 26 4.3 8.2
11. Crowdedness in and around Haram, in Mataaf. 24 3.9 7.6
12 Immigration Problems: time-consuming, bad behaviour of staff, 21 34 6.6
crowdedness on counters
13 Tour operator/Mualams: interest, beh., fraud; 18 2.9 5.7
ab | Airport bus 18 | 2.9 5.7
14 Guidance Probs.: Haram, airport, fatwa center, finding way 12 2.0 3.8
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Table 2

Problems the Pilgrims Faced in Hajj 1433 (H): Rank Order of Frequencies of Two Most

Important Problems

Sr Responses Cases
No Problem Type (N=437) | (N=293)
' N % %

1. Housing Problem: poor quality, distant, crowded rooms. 86 | 19.7 29.3

5 Trangport: avzililability, behaviour, public/private, from 81 | 101 8.7
housing, Mash’aer.

3. Train Problem 60 | 13.7 20.5

4, High cost of living 44 | 10.0 15.0
Amenities in Masha’er: few eateries & toilets, no power &

5. water supply, drinking water & food in camps, | 43 | 9.8 14.7
overcrowded tents, no complaint offices

6. High Taxi Charges 32 | 73 10.9
Haram-related general problems: crowded toilets, pick-

7 pocketing, wheel chairs (unavailable, charges high, offices 25 | 6.1 85

' not found), mix-up of sexes in Mataaf, security staff ' '

conduct, health clinics around the Haram Shareef.

8. Crowding in and around Haram Shareef 20 | 46 6.8

9. tI?E;e;,taurant s around Haram: few, expensive, food quality 19 | 24 6.5
Mualam/Tour operator problems: lack of interest, bad

10. | conduct, alleged fraud of the tour operators, and problems | 15 | 3.5 5.1
with the airport bus

11 Immigration Problems: time-consuming, bad behaviour of 8 18 27

" | staff, crowdedness on counters ' '
12. | Guidance Problems: in losing way/friends 1 0.2 0.3

Table 3

Pilgrims’ Top Two Sources of Communication Contacts in Problem Situations in the Hajj

Of 1433 (H): A Rank Order of Frequencies

Responses Cases
Sr. No. Communication Sources (N=715) (N=391)
N % %
1. Family/Friends/Co-pilgrims 124 | 17.3 31.7
2. Hotels/Housing Reception Counters 120 | 16.8 30.7
3. Urdu-language (Ethnic Media) 101 | 14.0 25.8
4. Saudi Mass Media 88 |12.3 225
5a. Tour Operator/His Agent 80 | 114 20.5
5p. Pakistan Hajj Ministry Officials 79 | 11.0 20.5
6 Internet/YouTube 33 | 4.6 8.4
7. Neighborhood Masjid/Dars Organizers 31 (4.3 7.9
8. Digital Screens/EBBs 26 | 3.6 6.6
9. Saudi Hajj/Other Officials 17 | 23 4.4
10 Mualam/His Agents 16 | 2.2 4.1
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Table 4

Frequencies, Means, and Standard Deviations of Communication Contacts of Pilgrims in

Problem Situations

Frequencies

(%) Mean | S.D. Ns
Variables 1 2 3 S
Never Sometim Often
Contacting ... e
1. Saudi National Media 48.5 314 20.1 1.72 .78 433
2. Digital Screens 78.8 184 2.8 1.24 49 454
3. Mualam or Agent 85.2 12.8 2.1 1.17 43 431
4. Tour Operator or Agent 67.8 16.2 16 1.48 .76 401
(over all) 29.3 31.7 39.0 2.10 .82 164
. o 94.5 55 0.00 1.05 23 237
a. Private scheme pilgrims
b. Govt. scheme pilgrims
5. Sector In-charge (over- 735 19.2 7.3 1.34 .61 427
all) 91.5 7.5 1.3 1.10 34 159
. o 63.1 26.1 10.8 1.48 .68 268
a. Private scheme pilgrims
b. Govt. scheme pilgrims
6. Reception Counter 28.2 37.0 34.7 2.06 .79 432
7. Co-pilgrims/Family and 19.4 21.9 58.8 2.39 .79 434
Friends
8. Saudi Government 91.9 6.2 1.8 1.10 .36 433
Officials
9. Dars Organizers 82.8 13.8 3.5 121 49 429
10. Pakistan Hajj Mission 79.8 17.2 3.0 1.23 49 430
Officials
11. Saudi Hajj Ministry 98.6 7.0 7.0 1.02 A9 432
Officials
12. Internet/YouTube 79.9 14.8 53 1.25 54 433
13. Available Urdu Language 53.3 19.7 26.8 1.73 .86 422

Media
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Table 5

Frequencies, Means, and Standard Deviations of the level of the Pakistani Pilgrims’

Satisfaction with the Services & Facilities during Hajj 1433

Frequencies

Variables (%) Means | SD Ns

How much satisfied are
you with the ... 1 2 3 4 5

1. Saudi government 4.4 6.7 2.6 588 274 3.98 99 430
Services

2. Pakistani Mission 7.5 12.9 9.3 477 22.7 3.65 1.18 428
Officials

3. Mualam/Agents 31.3 128 206 282 7.0 2.67 1.36 383

4. Tour 241 119 142 338 159 3.05 1.44 352
Operators/Agents

5. Saudi Immigration 6.3 134 35 56.5 20.4 3.71 112 432
Services

6.Security & Law & 3.3 6.7 6.9 61.0 221 3.92 92 421
Order Services

7. Saudi Health Services | 3.4 6.6 11.3 520 26.8 3.92 97 381

8. Pakistani Health 3.0 14.3 9.3 48.3 253 3.79 1.07 400
Services

9. Bussing Services 165 158 100 411 165 3.25 1.35 399

10. Taxi and Private 475 245 9.3 135 51 2.04 1.25 408
Transport

11.Guidance & Info. 4.1 7.2 8.0 52.2 285 3.94 1.01 414
Services

12.Eating & Restaurant 131 136 9.2 484 157 3.40 1.27 426
Facilities

13. Cleanliness & 0.9 2.5 2.1 295 65.0 4.55 74 434
Hygiene in & around
Haram

14.Crowd Management 5.9 7.0 5.6 35.8 457 4.08 1.15 427
Services

15 Housing Facilities 134 148 5.3 379 286 3.54 139 433

*1:Very Dissatisfied, 2=Dissatisfied, 3=Neutral, 4=Satisfied, 5=Very Satisfied
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Table 6

Stepwise Multiple Regression of the Pilgrims’ Satisfaction Variables on
Demographic and Communication Contact Variables

Final Step Betas™

Satisfaction with Saudi

Satisfaction with Pakistani

Predictors Services Services
(N=285) (N=288)
Constant™ 2.4 2.6
Age
Education
27 .28
Hajj Scheme
Contacts community 17
organizations .23 -20
Contacts co-pilgrims _15
Contacts ethnic media
Contacts Internet
Contacts digital screens
Contacts Saudi media
R%% 11.6 6.4
Adjusted R*% 10.3 5.8

Note: "Coefficients are significant at p< .01
Figures for the constant are unstandardized partial regression coefficients.
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Abstract

Based on an overview of over half a century of research on persuasive communication
and information campaigns in the West and the assumptions and challenges of a
successful communication and information campaign, the present paper basically outlines
a holistic communication intervention strategy in the service of crowd management in the
Holy places (Masha’er). The objectives and characteristic of the strategy in general are
described. Theoretical rationale and a prototype of a set of on-site messages for creating a
communication ambience in the Arafaat area are given. These particular messages aim at

preventing crowd congestion on and around the mount al-Rahmah (Jabal al-Rahmah).

Introduction

Crowd management in and around the Holy Places (Masha’er) has increasingly become a critical
focus of interest for the Hajj management authorities in the Kingdom. Crowd management is done
to prevent crowd congestions that are likely to lead to stampedes, physical harm, and inordinate
emotional and physical discomfort to the pilgrims. Reasons for crowd congestion in these places,
though many, maybe conceptually viewed as falling under two broad sub-dimensions: a physical
infra-structural dimension, and a pilgrim-centric dimension. The former calls for such physical
infrastructural and managerial solutions like provision of well-marked-out walkways, the sitting and
the vending areas, and provision of adequate number of trained security personnels to preempt
crowd congestion from forming. The latter, the pilgrim-centric dimension, originates the causes of
crowd congestion in the pilgrims’ lack of knowledge, and information and in their values, attitudes
and behaviors. The assumption here is that crowd congestion in Masha’er is the result of redundant

values and inappropriate attitudes and behaviors of the pilgrims and hence to control crowd
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congestion the pilgrims are to be persuaded to change and shun those. As such, a well-thought-out
and pilgrims-focused communication intervention strategy based on persuasion techniques is
required.

In what follows, we essentially try to accomplish the following: We first briefly highlight relevant
wisdom from a half-century of communication research on persuasion and information campaigns
(Perloff, 2010). With that overview of the relevant literature as our background, we would then
provide in broad the characteristics of the proposed communication intervention strategy for the
Masha’er. We follow it up with a specific theoretical rationale for the kind of messages needed for
an on-site communication campaign in Arafaat during the Hajj period. And we conclude the paper
by drawing up a set of message prototypes aimed at preventing crowd congestion from forming in
the Jabal al-Rahmah area.

A-half Century of Persuasion Research: An Overview

Persuasion has been variously defined. Perloff (2010, p. 12) has boiled down the main
components in some of the leading definitions of persuasion thus: “Persuasion is a
symbolic process in which communicators try to convince other people to change their
attitudes or behaviors regarding an issue through the transmission of a message in an
atmosphere of free choice.” This 5-component definition of persuasion states that
persuasion: i) uses symbols, with messages, mediated and/or non-mediated, transmitted
through language and/or nonverbal signs and images; ii) is a conscious attempt that may or
may not succeed to influence attitudes and behaviors of the other party; iii) is dependent on
the receivers’ decision to change attitude or behavior; iv) involves transmission of
messages that may consist of arguments or simple cues; v) requires free choice of the
message receivers. A key aspect of persuasion, according to Perloff (2010), is self-
persuasion. That is, communicators merely provide the message and the arguments and it
is the receiver of the message that decides to change his own attitude or to resist

persuasion.

Shaping, reinforcing, and changing attitudes and behaviors are different categories of
persuasive effects (Miller, 1980). These effects do not happen with the “flick of a switch
button” rather persuasion is a time-consuming process that may require concerted
communication campaigns, sometime long-drawn ones, actively involving the recipients of

the message.
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Construct attitude forms a core concern of persuasion and is the basic entity that
communication interventions seek to form, mold or change in a target audience. Behavior
is changed by influencing attitudes. Literature defines attitude as a learned evaluation (a
psychological tendency or a predisposition to evaluate) of an object (person, place, or
issue) that influences thought and action (Perloff, 2010; Eagly & Chaiken, 1993; Fishbein
& Ajzen, 1975). An attitude is not purely coterminous with behavior or affect (though it
may consist of acquired patterns of reacting to social stimuli and comprises emotions). It is
a tendency or a state of readiness that results in predictable though not necessarily rational
behaviors (Perloff, 2010, p. 43).

Attitudes are complex entities and persuasion literature offers different approaches to the
structure of attitudes. Expectancy-value theory given by Fishbein and Ajzen (1975), for
example, views attitudes as composed of expectations (beliefs) and their evaluations
(affect). According to this theory, attitude is a multiplicative combination of (a) strength of
beliefs that an object has certain attributes and (b) evaluation of these attributes. There is
considerable evidence that personally important beliefs and evaluations accurately estimate
attitudes on a number of issues and topics (Ajzen & Fishbein, 2008). The symbolic attitude
approach, on the other hand, views emotions and symbols as core components of attitudes.
That is, attitudes are characterized by emotional reactions, sweeping sentiments, and
powerful prejudices. These symbolic predispositions, and not the beliefs, lie at the core of
people’s evaluation of issues, according to this approach. lIdeological perspective on
attitude contends that attitudes are organized around ideological principles or worldviews
(Perloff, 2010).

These three perspectives on attitude structure provide insights on the underlying dynamics
of public’s attitudes and may be of interest to communicators interested in shaping or
changing attitudes and behaviors on issues. Expectancy-value approach, for example,
implies that distribution of beliefs on an issue in the target population should be
investigated first in order to find and use counteracting information in a communication
campaign on that issue. The symbolic approach would imply use of affective basis of
attitudes in order to shape or change responses in a target audience. Ideological approach
would recommend basing message appeal on a fundamental ideological principle

underlying an issue for a particular target population.
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One of the dominant strands in persuasion literature has to do with attitude-behavior
consistency. Generally, attitudes predict behavior well. Strong attitudes are particularly
likely to predict behavior and specific attitudes predict specific behaviors (Fishbein &
Ajzen, 1975; Perloff, 2010; Kim & Hunter, 1993). A specific attitude is called attitude
toward a behavior. It evaluates a single act, or specific behavior that happens in a particular
context at a particular time. A general attitude is attitude toward the object. Perloff (2010,
p. 93) illustrates as follows:

For example, consider the issue of predicting religious behavior from religious attitudes.
The general attitude is the individual’s attitude toward religion. This is the sum total of the
person’s evaluations of many religious services, partaking in holiday rituals, talking about
religion in everyday life, and donating money to religious causes. The specific attitude is
the attitude toward one of these behaviors at a particular place and time ... general attitude

... will not predict each and every religious behavior.

Nevertheless attitudes do not always predict behavior and people are not entirely consistent
especially when social norms operate, or the person is ambivalent about the issue or
regards himself as high self-monitor (Perloff, 2010, p. 105). Three models of attitude-
behavior consistency are evident in persuasion research; viz, theory of reasoned action,
theory of planned behavior, and accessibility theory. These models tell us that under some
conditions people deliberate on attitudes and carefully consider their implications for
behavior whereas at other times they spontaneously act in line with their attitudes. These
theories emphasize that attitudes predict behavior when subjective norms do not apply, or
when people do not lack the psychological ability to act according to their attitude or when
social pressures are not present and/or when the attitudes can be activated from memory at
the time of decision (Wallace, Paulson , Lord, & Bond, 2005; Fazio & William, 1986;
Ajzen & Fishbein, 2005). The implications of these three theories for persuasion
campaigns are: that relevant beliefs of the target audience should be found out and
targeted, and relevant reference group should be located for developing messages (theory
of reasoned action); that the target audience psychological capability to perform the
behavior should be considered (planned behavior theory); and that the target audience
should be put in touch with their desire to perform behavior (accessibility theory), Perloff
(2010, p. 103).
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Current theorizing on the effects of persuasive communication has evolved from research
on attitude change in the decades of 1950s and 1960s. That research employed cognitive
learning and cognitive response models of attitude change. Cognitive learning model posits
that persuasion entails from learning message arguments and that attitude change happens
in a series of steps. To be persuaded individuals is to attend to, comprehend, learn, accept
and retain the message. Cognitive response approach that followed cognitive learning
models does not suffer from the passive audience assumption of the learning models. It
asserts that target audience are mentally active that their own mental reactions to a
message and their own thoughts about a message are more important than the memory of
the message arguments and that the cognitive responses comprise proarguments and
counterarguments and persuasion occurs if the persuader induces the target person to
generate favorable cognitive responses to the argument in the message (Brock, 1967,
Perloff & Brock, 1980). Cognitive response model too suffers from limitations. For
example, it assumes that people always think carefully about messages whereas many a
time people use mental shortcuts. Similarly the model fails to explain how cognitive
responses can be utilized to create messages that can change attitudes or behavior (Perloff,
2010, p. 130).

The current Elaboration Likelihood Model (ELM) of R. Petty & J. Cacioppo, on the other
hand, stresses that we cannot understand effects of persuasive communication without
understanding the underlying processes by which messages influence attitudes (Petty &
Cacioppo, 1986). The ELM is a dual-process model in that it claims there are two
different mechanisms by which communication affects attitudes. Elaboration refers to the
extent to which an individual thinks about or mentally modifies a message’s argument, and
Likelihood refers to the probability of the occurrence of an elaboration. Elaboration is
assumed to fall along a continuum ranging from no mental activity at all to considerable
rumination on the central argument of an issue. The model tells us when a person should
be particularly likely to elaborate, or not elaborate, on persuasive messages. The ELM
assumes two routes or processes to persuasion: a central route and a peripheral route. The
former implies considerable cognitive elaboration. In central information processing,
individuals carefully evaluate message arguments, ponder implications of the message
ideas, and relate information to their own knowledge and values. In peripheral processing

people examine the message quickly or focus on simple cues rather than examine issue-
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relevant arguments. Simple cues include communicator’s physical appeal, speaking style,
and background music etc. For example, one may invoke the heuristics like “experts are to
be believed” or invoke a “bandwagon heuristic” (if everybody accepts the idea then it
probably is good) and for this reason accept the message recommendation. Target
audience motivation, their level of involvement with the issue, perceived expertise of the
communicator, cognitive ability of the receivers, and their need for cognition determine the

route used.

Processing route taken determines the type of message appeal that is likely to be most
effective in a particular context. It requires the persuaders to understand how their
audiences approach and process messages. It cautions against confrontation, and stresses
the need to tailoring the arguments to audience members’ motives and abilities.
Nevertheless, ELM does not always offer a clear explanation of how an understanding of
people’s thought processes can help persuaders generate specific messages and it also

understates the role of emotions in persuasion (Perloff, 2010, p. 150).

Persuasive message is a key component of persuasion and the literature has examined the
influences of different message factors on receivers. As a primary principle, the message
research assumes that messages cannot be understood without appreciating the psychology
of the audiences. The literature identifies three types of message factors; viz., the structure
of the message (how a message is prepared and organized — sidedness of the message and
conclusion drawing); its content (its appeals and arguments); and its language (words &
symbols used). A meta-analysis of research on one- and two-sided messages has revealed
that two-sided messages influence attitudes more than one-sided messages provided the
message refutes opposition arguments (Allen, 1998; O'Keefe, 1999). Refutational two-
sided messages gain their persuasive advantage by enhancing the credibility of the
communicator and by providing cogent reasons for the wrongness of the opposing
argument (Perloff, 2010, p. 186). On explicit and implicit conclusion drawing the
persuasion literature offers a meta-analysis that clearly shows that explicitly articulated

conclusion drawing is more persuasive than an implicit conclusion (O'Keefe, 1997).

In terms of message content, use of evidence in the message enhances persuasion with
different type of evidence effective under different psychological conditions. Simply

mentioning the evidence does not do the trick, the receivers must recognize that evidence
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has been offered in support of a proposition and perceive the evidenct to be ligitimate
(Parrott, 2010; Silk, Dorgan, Condit, & Harris, 2005). Moreover, when people are highly
involved in or knowledgeable about the issue, the evidence is processed centrally. Hency
cogency and quality of evidence shall determine attitude change. When receivers are not
motivated or lack ability to understand the issue they depend on peripheral cues and for
them the evidence operates more as a cue than an argument and they go along with
“arguments that sound impressive” (Perloff, 2010, p. 189). Of the appeals in the message
content, the literature offers considerable evidence on the use of fear appeals as a
necessary persuasive strategy. Fear appeals do not always succeed because the receivers
often have illusions of invulnerability or the belief that the risk is more likely for others
than for themselves or does not connect with a person’s beliefs about the problem or
neglect to provide a solution for the aroused risk.. Earlier simplistic thinking was that fear
is an unpleasant psychological state that people feel motivated to reduce (Hovlan, Janis, &
Kelley, 1953). This drive model, popularized by Hovland and his colleagues, “puts a
premium on fear” assuming that if you scare someone and then provide reassurance then
you can change a dysfunctional behavior (Perloff, 2010, p. 198). Contemporary approach
requires that a message must operate both at a cognitive and an affective level. That is,
arousing fear must convince the recepients that they are susceptible to the risk and that the
recommended response will reduce the level of threat to them. Clearly, the fear appeals

need to be theory-based.
A comprehensive contemporary theory, which informs the use of fear appeals in

messages, is called the Extended Parallel Process Model (EPPM) (Perloff, 2010; Witte,
1998). It asserts that two parallel processes, or two different mechanisms, are engaged in
determining the influence of fear appeals on attitudes. The model, like ELM, calls
attention to the way people think and feel about the fear appeals. According to EPPM, a
fear-arousing message contains threat and efficacy information or a problem and solution.
A message must first threaten the target person by convincing him of a lurking danger with
the help of a) severity information (how severe the risk is; e.g., consumption of fatty food
can lead to heart disease); b) susceptibility information (how likely the occurrence of the
threat is; e.g., people who eat junk-food diet put themselves are very likely to get a heart
attack before the age of 40). The message must then follow it up by providing a

recommended response. The recommended response must contain efficacy information --
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facts about effective way to cope with the danger. Information on response efficacy (info
about the effectiveness of the recommended action e.g., maintaining a diet high in fruits
and vegetables but low in saturated fat can reduce the incidence of heart attach) and self-
efficacy (arguments that the receiver is capable of performing the recommended action;
e.g., you can change your diet like so many others). The threat and the efficacy
components, according to the theory, trigger a cognitive reaction. The threat component
“should convince the individual that the threat is serious and likely to occur, provided no
change is made in the problematic behavior ... and [the efficacy component] should
persuade the individual that these outcomes can be voided if the recommended actions are
internalized and believed”, (Perloff, 2010, p. 201). According to the model, the success of
the fear appeal will depend on which of the two parallel cognitive processes; viz., danger
control and fear control occurs. Danger control happens when the target perceives that it
can avert the danger via the recommended action and he performs it. Fear control occurs
when the target focuses inwardly on the fear and contains the fear rather than acting to
ward off the danger. Thus fear appeal works if it pushes the person into danger control
rather than the fear control mode. In essence, fear is a necessary condition of attitude
change but in itself not a sufficient one. In order to change attitudes, the message must
channel the fear into a constructive direction of danger control. The EPPM has been
supported time and again in many experiments and campaigns (Witte & Allen, 2000;
Wong & Capella, 2009; Perloff, 2010).

Communication campaigns best exemplify persuasive communication.  Persuasion
literature defines communication campaigns as (1) purposive attempts (2) to inform,
persuade, or motivate behavior changes (3) in a relatively well-defined and large audience
(4) generally for noncommercial benefits to the individuals and/or society at large (5)
within a given time period (6) by means of organized communication activities involving
mass media and (7) often complemented by interpersonal support (Rice & Atkin, 2009).
Communication campaigns involve argumentation, sloganeering, and emotional appeals in
a systematic, theory-based practical efforts to shape and change public attitudes and
behavior (Perloff, 2010, pp. 324-326).

Literature identifies three theoretical perspectives on communication campaign stage-
based psychological perspectives; diffusion of innovation; and social marketing

perspectives (McGuire, 1989; Prochaska, DiClemente, & Norcross, 1992; Maiback, Kreps,
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& Bonaguro, 1993; Rogers, 1995). Prochaska et al. (1992) note that change happens in
stages that run from pre-contemplation stage (the target person is unaware of a risky
behavior to be changed) to contemplation (the person begins considering how to make a
change in behavior) to action (the person modifies a risky behavior). Persuasive
communications are tailored to the needs of the person at a particular stage. Messages to
pre-contemplators try to convince them that their behavior is risky for them or for others
whereas the messages to contemplators try to convince them to substitute a new behavior
with a risky one. Affective appeals work well with precontemplators and the cognitive
ones with the contemplators (Hampton, Brinberg, Peter, & Corus, 2009; Perloff, 2010).
Another stage-based psychological perspective is that of McGuire (1989). According to
this persuasion can be viewed as a series of output steps resulting from such standard
persuasion variables or input steps like source, message, channel, and receiver
characteristics or the type of intended impact. McGuire created an input-output matrix that
shows a message must clear many hurdles to successfully produce persuasion. A message
must be exposed and attended to, comprehended, liked, learned, stored in memory in a
manner that can be easily accessed, help in decision making and producing action. Action
need to be reinforced and consolidated subsequently. These output variables constitute
various types and levels of response steps. On the input side, the sources inter alia should
be unanimous (do not contradict one another), attractive, and credible. The message should
have right kind of affective and cognitive appeals and should be repeated over and over
again, the channels should be not only suitable but their use should be complementary and
orchestrative, the receivers’ ability, personality, demographics and lifestyles and interests
should be considered as these can mediate the effectiveness of the message. McGuire’s
input-output matrix implies that campaigns can succeed even if they don’t lead to major
changes in behavior that may be unreasonable to expect on the basis of short-term
exposure. Campaigns can be regarded as successful if they get people to remember the
message. Over time with subsequent interventions, people can be persuaded to make long-
term behavioral changes (Perloff, 2010, p. 327).

Diffusion and social marketing perspectives, unlike the psychological ones, do not ignore
larger context of community and society. Diffusion theory identifies a number of factors
that influence the adoption of an innovation. Such characteristics of innovation like its

compatibility with the values and cultural norms of the target population and its reward
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potential -- the degree to which its adoption brings clear and salient reward and/or
symbolic benefits to the receivers — are important. Communication channels, according to
diffusion theory, play critical role in persuasion. Mass mediated sources are influential in
informing whereas interpersonal sources are more helpful in attitutde change. Diffusion
theory tells us how communications can publicize and promote innovations but neglects

how it may benefit from principles of social marketing (Perloff, 2010).

Social marketing perspective of campaign communication is based on marketing principles
and comprises five strategic steps in a social marketing campaign: i) planning campaign
objectives, ii) theory (which theory to use), iii) communication analysis (audience analysis
& segmentation, channel analysis and selection); iv) implementation (marketing mix in
view of macro social considerations), v) evaluation and reorientation (outcome evaluation)
(Maibach et al. 1993). Planning phase is characterized by such choices as whether to
create cognitions or change the existing ones, and to target attitudes or behavior. Models,
concepts, and theories form the backbone of campaigns (Slater, 2006) as these help clarify
objectives and how best to achieve those. That is, theories suggest campaign strategies and
appeals. Communication analysis helps determine the perceptions of the target population
on an issue and can help develop messages. Implementation involves designing, finalizing,
and launcing the campaign. Four Ps (product, price, placement, and promotion) are
considered here (Perloff, 2010, p. 333). Product can be commercial as well as prosocial,
price could be monetary or psychological, placement is decision on where to transmit the
message. Correct placement ensures audience reach. Promotion involves persuasion —
application of theories in campaign setting. Evaluation and reorientation phase involves
determining the effects of the campaign on individuals and communities and inferring
feedback for future campaigns or for reorienting the ongoing ones. This is needed because
some campaigns back-fire and create reactance in the target population. So psychological

reactance could be a barrier to the success of a campaign (Brehm, 1966).

Research evidence overwhelmingly indicates that if practitioners know their stuff, apply
theory properly, and utilise principles of social marketing, the campaigns can be effective.
Perloff, (2010, p. 337) has summarised the evidence from more than half a century of
research on communication campaigns. In summary, he concludes that campaigns are
highly likely to be successful when the practitioners: understand the audience and tailor

messages that resonate with the psychological needs of the audience members; make the
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messages relevant to them; coordinate efforts across media, and repeat messages over time
and orchestrate them; choose media channels that can engage the audiences; supplement
media channels as much as possible with community contacts; appreciate that it is easy to
create a new behavior than change a dysfunctional one; build enforcement into campaign;
involve the community by building community participation into the campaign; avoid
messages that arouse reactance; adopt a realistic approach as it is difficult to change deep-
seated attitudes and well-learned bahaviors.

In sum, relative to the objectives of the present paper, the following highlights may be
synthesized from the above overview of the persuasion and communcation campagins

literature:

1. Persuasion is a transactive and a time-consuming process in which the receiver
plays an active role. It involves shaping, reinforcing or changing attitudes and
behaviors.

2. Attitudes are complexly structured and comprise beliefs
(expectations/cognitions/worldviews/ideologies) and evaluations
(affect/emotions/values or symbolic predispositions). Attitudes in general predict
the receivers’ behavior well.

3. Theories of attitude’s effects on behavior imply that beliefs, affects, and the
psychological capability of the receivers to perform the behavior should be
investigated prior to launching a campaign.

4. The early and the contemporary theories of the effects of persuasive
communication (cognitive learning and cognitive response models of attitude
change, and the information processing models like ELM) also stress that the
target audience motivation, their level of involvement with the issue, their
cognitive ability, their need for cognition should be understood. These issues
determine the processing route taken. That in turn determines the message appeal
that will be most effective.

5. All three types of message factors; viz, message structure, its content, and its
language are important in producing persuasive effects. Refutational two-sided
messages that explicitly draw conclusion, use some evidence, use fear appeals
but provide reassurance (EPPM’s first scare & then provide recommended
response containing response efficacy and self-efficacy) have been found to be
particularly effective.

21EP0 - a)uig B)ooig 2ol il 1€ palo)l céilo)l - caledl Jaul



. Affective appeals are often successful when persons are to be convinced of the
riskiness of the behavior and the cognitive appeals are useful when the target is to
be convinced into substituting the risky behavior with a new one.

. Communication campaigns best exemplify persuasion. Persuasion requires
concerted and long-drawn, well- thought-out and sustained campaigns Involving
mediated and interpersonal communication channels working in tandem.

. Persuasion literature defines communication campaigns as (1) purposive attempts
(2) to inform, persuade, or motivate behavior changes (3) in a relatively well-
defined and large audience (4) generally for noncommercial benefits to the
individuals and/or society at large (5) within a given time period (6) by means of
organized communication activities involving mass media and (7) often
complemented by interpersonal support (Rice & Atkin, 2009).

. Communication campaigns involve argumentation, sloganeering, and emotional
appeals in a systematic, theory-based practical efforts to shape and change public
attitudes and behavior.  Psychological, diffusion, and social marketing
perspectives imply the need for understanding the psychology of the receivers
and tailoring messages to it, making the innovation compatible to the receivers’
values, highlighting the rewards of adopting the innovation, and on utilizing

principles of social marketing.

Objective of the Communication Intervention Strategy

In view of the nature of the problem at hand and the foregoing overview of persuasion and

communication campaigns literature, the main objective of the strategy is to provide the

pilgrims with necessary guidance and information in order to preempt the pilgrim-centric

factors to come into play and cause crowd congestion in Masha’er. Although the field-

crowd managers and a detailed communication analysis of the perceptions, attitudes, and

behavioral intentions alone can identify the substantive aspects of information and

behaviors to be addressed by communication campaigns at specific locales, broad

categories of the relevant factors, nonetheless, may include:

a. The pilgrims’ lack of knowledge and guidance and their misperceptions and

misconceptions about the truly required Islamic behavior at the Masha’er.
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b. Their civic attitudes and norms about accommodating the fellow pilgrims.

c. Their attitudes about “Iftaraash’ on the walkways.

General Characteristics of the Strategy

The pilgrim-centric factors of crowd congestion at the Masha’er, and the just noted
objective of the strategy call for an integrated communication campaign based on a multi-
media communication mix. It proposes to combine interpersonal and mediated
communication channels and requires targeting the pilgrims in several different sets of

loci.

Specifically, the intervention comprises targeting the pilgrims within the various locales of
their home countries, targeting them in- house in their residential areas in the Holy Cities,
and targeting them on-sites in the Masha’er. For the communication intervention to have
maximum effects in all three types of locales, we believe, the strategy should contain a set
of three overlapping integral elements of a communication campaign’s effectiveness and
utility. The elements are: message simplification (using short & simple messages for
fluency of cognitive processing), message repetition (high frequency of repetition on a
particular channels for the message to achieve a wear-in), and message orchestration
(different channels or outlets giving out the same or similar message to achieve

communication consonance, exposure redundancy).

Specific Communication Interventions & the Agencies Responsible

a. Reliance on interpersonal channels of communication and dars sessions for
training and guidance. Our research has repeatedly found the importance of
interpersonal channels for guidance and information transmission to the pilgrims.
Training and Dars sessions will need to be arranged by the native Hajj ministries on
norms and values, and those religiously redundant and dispensable practices that
cause crowd congestion. These guidance sessions should be arranged for all the
categories of the pilgrims: by the native Hajj ministries and the Hajj missions for
those performing Hajj under the  government-scheme, and by the tour operators for

the private-scheme category.
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As regards the locales, these guidance and information sessions can be arranged both
within the pilgrims’ home countries and in the Holy Cities on an ongoing and continuing
basis. Within the Kingdom, the housing units, the neighborhood mosques, and the camps
in Masha’er can be used for the purpose. Multi-lingual Dars sessions are already organized
for various communities of the pilgrims by the Ministry of Islamic Affairs in collaboration
with native Hajj missions in the Housing units and the neighborhood mosques.

These sessions will need to be tailored to focus on disseminating information on attitudes
and behaviors that can lead to crowd congestions and stampedes at critical locations in the
Holy places.

Provision of the relevant information through adequate in-house signage in the
pilgrims’ residential buildings through the use of the electronic billboards
(EBBs), the scrolling and the digital types, the banners & the posters. Such
agencies like the Ministry of Hajj, the Civil Defense Administration, the Ministry of
Islamic Affairs, the Peace & Security Administration, and the Ordering Virtue &

Forbidding Evil Unit may be charged with producing the signage.

In order to ensure maximum effectiveness, as the present signage has been
found to be under-performing and wanting in effectiveness and utility to the pilgrims,
the message content of the signage (the text & the illustrations for the posters, the
banners & the above identified two types of billboards) the message format, & the
message display of all such signage should be first got vetted and approved by the

Dept. of Communication and Media Affairs at the Hajj & Omrah Research Institute.

Provision of relevant information through extensive on-site/outdoor signage. The
organizations & the agencies charged with producing the signage at serial (b) will be
entrusted to produce the required signage here as well. Nevertheless, the number, the
locations, the size, and the type of the EBB network deployed will need to be

carefully selected.

The type of the EBBs network deployed (the POW — the point of wait; the POT — the
point of transit; & the POS — the point of sale type) will be determined by the

individual location points and shall in turn determine the text (the theme used, the
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length of the message, the type-size/font used, the purpose, & the actual words and
phrases used), the format (the text & the illustrations mix used), and the display (the
scrolling speed, the display time, & the frequency of repetition) (focalpress.com,
2010). All these issues are central to the effectiveness of the billboards in producing
message recall and other effects. Hence, the need for vetting and approval of the
signage by the Mahad.

Provision of multi-lingual SMS messages calling on the pilgrims & mobile
vendors to desist from specific anti-social and crowd congesting practices. Such
agencies like the ALTAZEEM, the RABBUL BAIT, the Civil Defense
Administration, & the Peace and the Security Agencies can be entrusted to send out
SMS messages to Pilgrims & mobile vendors in various languages informing and

guiding them to desist from behaviors that produce crowd congestion.

The messages should be short and should highlight the areas and the specific
behaviors to be avoided. Some potentially crowd causing behaviors are wrongly
perceived as obligatory part of the Hajj rituals. Those misperceptions shall need to be

highlighted in the messages.

Provision of audio-video Hajj podcasts/skits/pre-recorded TV clips on the
Websites of the Host and the Native Hajj Ministries’ Websites, on the YouTube,
and as Inflight TV Programming on major airlines. These live clips and video
animations should highlight the crowd congesting behaviors and attitudes and the
hazards involved. The agencies at serial (b) & (c), as well as, the TV program
production divisions of leading TV channels would need to be entrusted with the job.
These programs should use the leading languages of the Hajj communities; viz., the
Arabic, the Urdu, the Bengali, the languages of the African Muslims
(Hausa/Yoruba/Djerma/Swahili), the Malay, the Turkish, the Persian & the English
languages. These programs should highlight a few very limited and critical practices
rather than aiming on many practices as this will dilute the impact and produce an

easy message wear-out.
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f.  Arrangement of TV Reality Shows highlighting the pro-social horms, values, and
practices at the Holy Places. The host and the native countries’ cable TV’s leading
channels should be entrusted with holding such reality shows to which the past and
the prospective pilgrims should be invited. The timing of such shows and the key
educated participants will need to be very carefully selected. The shows should be
held simultaneously on a number of channels prior to and during the Hajj season and
the key participants should be trained as to the kind of messages to be given out prior
to the shows.

Nature and Type of Messages Needed

Before providing specific examples of messages, a short theoretical rationale for the

specific types of messages shall put the examples in perspective.
Rationale for the Message Content

In view of the specific nature of our target audience (mostly ritual-focused, on the move,
and largely difficult to engage), the in-house and the on-site communication intervention
strategy, outlined in broad above, shall have to not only rely on a multi-media
communication mix but also on what the literature characterizes as ambient

communication approach (Gambetti, 2010)

An ambient communication approach uses elements of the physical environment (available
physical surfaces), to convey very short preferably one-line messages. Stickers, banners,
posters, classic and electronic billboards, bus stops, the sides, the backs, and the interiors
of buses & trains, escalators, elevators, and stairways can all be deployed as venue-based
media solutions and message carrier to create a core theme of message ambience
(environment) that is meant to elicit cognitive and affective responses from the target
audience. The core theme has to be very simple and cognitively and affectively very
engaging for the target audience. Whereas the cognitive appeals reside in the
informativeness of the content, the emotional appeals contain incentives (benefits to the
target audience) and fear-arousing elements (the implicit threats/dangers for the target

audience).

Given the Hajj-focused nature of our target audience and the above outlined

communication intervention strategy, the incentive for and threats to a Hajj al-Mabroor is
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proposed as a core theme in the message ambience. The flow and the basic hierarchy of

argument in that theme of our in-house and on-site ambient communication in the Jabal al-

Rahmah/Masjid al-Nimrah area, for instance, may run as follows:

a.

Climbing the mount al-Rahmah or being in the Masjid al-Nimrah is
not in any way an integral component of a “Hajj al-Mabroor”.

The sanctity of “Hajj al-Mabroor” is compromised by “Raffas” (lewd
& obscene talk & acts), “Fisq” (lying/backbiting/slandering), &
“Jida’al” (quarreling/arguing/fighting).

Raffas, Fisq, & Jida’al are most likely to happen in situations of

crowd congestion.

Additionally, crowd congestion may also result in stampedes and

physical harm to life and health of the pilgrims.

Venturing out into the Jabal al-Rahmah or the Masjid al-Nimrah area
can deprive one from the precious little time for Zikr and duas during

the Waqoof at Arafaat.

Hence, it is better and advisable for the pilgrims to stay away from
these areas of crowd congestion that may jeopardize their Hajj al-

Mabroor.

The just stated flow of argument would need to be translated into sets of one-liners

(one line or very short messages) that could saturate the venues through pervasive

networks of complementary signage in the form of billboards, posters, stickers, banners put

up on most available physical surfaces and spaces that the pilgrims frequent or where they

spend time resting in wait like airports, bus stops and “sakaat” or areas in and around the

Masha’er.

Specific Examples of Message-types
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Following are a few “one-liners” that utilize cognitive and/or emotional appeals. Appeals
are given within parentheses. These one-liners may, at best, be taken as message-types as
each embodies certain appeal and there could be other messages based on the same appeal
elements. The particular location points and the media chosen for each message, the text,
the format, and the display elements used in individual messages, and the frequency and
pervasiveness of each message may be got vetted by the department of communication
research and media affairs before final posting. The messages are:

1. Climbing mount al-Rahmah is not a must for Hajj al-Mabroor.

(Cognitive appeal)

2. “Raffas” (lewd & obscene talk & acts), “Fisq” (lying/backbiting/slandering),
& “Jida’al” (quarreling/arguing/fighting),

negate Hajj al-Mabroor.

(Cognitive appeal)

3. Guard your Hajj. Shun “Raffas”, “Fisq”, & “Jida’al”

(Incentive, fear appeal)

4. Crowd congestion may cause “Raffas”, “Fisq”, & “Jida’al”. Avoid congested
places.

(Cognitive appeal)

5. Respect rights of fellow pilgrims. Do not be part of crowd congestion.

(Incentive, cognitive appeal)

6. Crowd congestion may cause stampede. Stay safe. Avoid crowd congestion.
(Threat/fear appeal)

7. Do not crowd pathways. Crowding may cause injuries to fellow pilgrims and add to
your sins. (Cognitive/fear appeal)

8. Make the most of your Wagoof. Spend time in Zikr & duas. Attain Hajj al-Mabroor.

(Incentive/cognitive appeal)

9. Do not waste time in crowd congestion. Stay away from the congested areas.
(Fear/Incentive appeal).

10.Jabal al-Rahmah area is too full. Do not put yourself in danger by going there at this
time.

(Cognitive/fear appeal)
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