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[n the name of Allah, the Compassionate, the
Merciful.

Mischief has appeared on land and sea
because of (the meed) that the hands of
men have earned, that (Allah) may give
them a taste of some of their deeds: in
order that they may turn back.
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A8 sl el e R o s i 58 T SATURN iyl 3lSlaall el
Institute for Transportation Studies <Stal gall Clud )3 2g2a (2 o sk &) 5kl
5005— Gu—dall 31y 8 (e Llls aadiey 5 Ayl 5l Leeds University Jad daels
S0 Felw Bl @l ladl 2 se Sl 38 lad @l (aad Ay JladY)

1Al Alabad) lasial @lldg 5 gl il Adlaal 5 dalial
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.okl Ah e Link Distance o )l adle t, Jicis

gl ekl & s (al)a Sl e 54 e st L
obw U Il cas n oy 8§ B gy (Idling in queues at Junctions)
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Slaa¥) LS Jlea) o (4 3al) SATURN sl ) siSladl el = el 0
tsb LS 1994 alad Aalecall 55 3 del D

Aelufal 2518323564 = CO s & st
Aslufal o 1€ 36072.20 = CO,p ose 8 vl 8
elufa) ja 1€ 673.30 = NOx cpas_il) au

Ao lufal o sl€ 577.74 = HC 45 S50 o sal
Aelyfal 2518 3.10 = Pb (uba ) 50k

Total Travel Gkl 4S5 o s3bind 5 gl Cgll g gane Joalii I g sl
—e dlall iy 4oLl 9265.5 Jlll s bl 554 delu DA (4 Galy) Time
A 3 e el daes Gl Cilal 40eS Clus (S A2l 4035.3 Ll 5 3.l

b WS @kl
Z EmissionQuantity

X Y DelayTime =) EmissionQuantityDueToDela
ZTravelTime Z Y z 0 4 Y

g sane X g shiall il ¢ sane/ilaniVl A8 & gene = palill A il gLl Slasd) 308
(bl ) el cay

Le., CO =(3235.64/9265.5)x 4035.3 = 1409.18 kg/hr.

bl 550 dele P LAl ey CO s 2l U el 3aS 8 L
2 Sls el 2518 15,710.12 CO; 500 ansl 6 5 a8 1409.14 ) say
sala | sl 5 el ja5LS 251,62 s S50l 3 sal ol 518 293.23 NOx (pa g sl

ol oashS 1.35 aiy paba )l

oo delw Pl el e Al @l o) se bl dueS leal (8 e
8 o J i s <Y sl Jf i) dlas 0 % 88.92 s o8




J 8 jalia ) sale W% 1.42 43 S5ooad S % 1.66 oo s sl sl (%
% 0.008

(10-3 59-3 Jsss) SATURN a0 5'aall gralin Cla e ¢ g e 4ils S
1994 alad &l Sl al e sl 2 0 2y i 03 ) £ yha JJanil
201152005 ala) Lexi5i5 <1997

< il aluall 54,30 Aole DA clitaa) dua<! SATURN 5islaa) ki ala i (9-3) Jsaa
2011-2005-1997-1994

1994 1997 2005 2011 5
axS [clilagy) 1
Emissions/kg.
Carbon Monoxide 3235.64 3760.45 7133.32 12407.66 l
Cco
Carbon Dioxide - 36027.78 39420.50 116987.71 217361.78 !
Cco, i
Nitrogen Oxide - 673.20 734.83 1555.13 1938.69 j
NOx i
Hydrocarbons- 377.74 668.61 1206.73 1967.81
HC
Lead - Pb 3.10 3.49 5.79 8.43
Particulate - 0.00 0.00 116.69 209.99
PM10

P.M. 4lacal) 55,1 Lol PA cliley) 4ues! SATURN slslad Tl ala s (10-3) Jsaa
2011-2005-1997-1994 < siwll Peak

1994 1997 2005 2011
A [lilagy)
Emissions/kg.
Carbon 3277.74 299773 7520.16 11330.88
Monoxide- CO
Carbon Dioxide - 57865.43 33222.01 116850.05 193526.36
COZ
Nitrogen Oxide - 793.28 647.73 1501.70 1841.98
NOx
Hydrocarbons- 331.84 536.88 1270.15 1§17.42
HC .
Lead - Pb 2.67 i 2,91 5.88 ~.80
Particulate - 66.26 0.00 114.10 , 1589.90
PM10 ;




e d—aalll Siles¥) A SATURN el p cila sde o Al i)l ¢ g Lo
2005 « 1997 1994 ol 53 astlual s dalsall 55 3 slelu DA i el 2Aslmay)
s Aealdl @l i pdall 5 5,0 Jela DA Gl A Ja 5 o didl e 12011
1997 el s 50 8l o) 5V i she ol Jea) 30 %300 e iSh malil e s
o o) sell el Gl Ll ApeS Joi of 8 5iall (e G o ha 13443.35 s Al

(113 Jsaa ) s e oo 54667.60 5 1k 49601.80 a3 2011 5 2005 ES

Aen] e %92-88 i Lo Sy 5 S0 2l B Sl o AU 2l ) e
S TTUT TS RN [P PR IV I UMDY B - ST L
pds—e oo LAY Jaa) (o And) Al A3 A8l o sall 5 A g Sl

L)

<1994 <l siall 55,4 dole DA Al oo Ll cllad) 4 11-3 43, Jsan
(Lsim/ck) 201152005 <1997

1994 1997 2005 2011
Y R
Emissions/Ton
Carbon ggnoxide- 966.7 1108.0 2858.5 2932.0
Carbon Dioxide - 13934.7 " 11910.0 45616.5 50749.7
CO,
Nitrogen Oxide - 217.6 226.7 596.3 467.0
NOx
Hydrocarbons- HC 167.6 197.6 483.2 467.5
Lead - Pb 0.86 1.05 2.28 2.0
Particulate - PM10 9.8 0.00 45.02 49 .4
TOTAL 15297.26 13443.35 49601.80 54667.60
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Coadi )} S gme Bl uis DA %36 dauis Y] gl sl Jiskl o G (ol
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51994 ale opiilall Lpads COLlay Jhia e 2l o i el CDAAe
Al WY Slaa gl o) A gall Al Gl ba i) s 1191 2 LS L1997
LAY Ay 5l 8 (galaY) el s ¢ S paill a5 ¢ Gk ¢ ladd

2011 52005 abad a5 5l

L2011 2005 <1997 #5281 s a3 (e s shomie <2 1994 Ll

47




3B gl el g cu B4l ¥ SATURN bl Blslaal) mali s A 1-1-4
: 1994 alall dLabuall 55,3 dclu DA Elgtial)

Transient Queues = 2713.7 pcu. HRS. /HR
Over-Capacity Queues = 1321.6 pcu. HRS. /HR.
Link Cruise Time = 5230.5 pcu. HRS. /HR.
Total Travel Time = 9265.5 pcu. HRS. /HR.
Travel Distance = 348318.8 pcu. KMS. /HR.
Overall Average Speed = 37.6 KPH.

DL H el da 43S je S a5l il ¢ Transient Queues o
oW delu DA 4y )5 pall 48 gzl il HLE

ol 8ol Oy A dly) ¢ )l :Over-Capacity Queues o
i sasacaill 48l (556 dacly LS pall a8 sy alad DU dag Uy
B 50M deln JIA Gokl (3l (Anlaiuy)

il 5l s o5 el Gl iLink Cruise Time o

O35 sl &S pe IS 4l (o Cd 5l ¢ gean : Total Travel Time o
S5ns5 Ao pual) LAY o bl e aalil gl Y ALyl Ll
(aleia) sl (56 sacl il al

Aol Pla il e S e shial) 2dlud) ¢ saas ¢ Travel Distance o
55l

Aol Pla al bl 4o ju bau gie 68 ¢ Overall Average Speed o
55,3

AN bl als s iy 388 358 ) @Dy Al W

Rate of Fuel Consumption = 34,397.7 Liters/Hour.
Total Number of Primary Stops/Hour =264,322.6
Total Number of Second Stops/Hour =188,770.8
Total Number of Stops/Hour = 453,093.4

-

By dele Bl Gl 2 @84l ¢ sena @ Rate of Fuel Consumption e
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(bl 8 1Y) 85l ¢ seas : Total Number of Primary Stops
Dbkl 4 S8 (8 gl ¢ geas : Total Number of Second Stops e
(s ¢ Y1 i 5 g ¢ seme : Total Number of Stops

dabuall 55,0 el Delayed Time oAl oy <8 o) 4806 Clas 2-1-4
:1994 ! A.M. Peak

Pl osbai & gl Cigll ¢ sane o SATURN gl sl 81Slaall pmali o geilis <l
el Dla lalua 7.30 (Y 6.30 Zeludl (o zali ) Cana 3205dll g Lalacall 55,30 5 i
5o Sl Jud delu 5230.5 Lesa) lSl i saa gfdcla 9265.5 a 1994
A pall LY Halh U] e deali Aelu 2713.7 5 (gl b il o
G ol Gl ol aal 8 e palidl A 3¥ Cug il e sl del 1321.6
Sl Gl A8 e pilal il g senn of 6 g sl Alesiy) A8

+AS, J8 3as 4/22 1 4035.3 4 SATURN  geels 5 Simulated

Bl A dG ua (Kay cplall Jlsh iy baadl) 13 of Jlaclys ddagill oda o g e
b ol sl dalual 55,30 5 54l 1994 ple Ba Aalall Gkl 3 e ailal
g0 bl de jlieY) (8 ARV 5 Aad ey deludl bl 2 Jabag saad 5 de L)
O b G paliy 0l Galadl g Uadll ik e das L6 Cus adinadl 8 5aY) i
Ailany) de sandl) (b sall Jaa) (0 %80 s el 3 o~ s 500-100

b LS wdilall i gl 44l ()55 ale 5 (1999

1472885 =4idy 252365 X 4eL4035.3 & plall & ddlall < )l cilelu aae
J& 52 ofAc L

=002 X 1472885 ¢ pladl 83 aluall 55,0 U5 58 Dl gl ¢d sl das
oW 2,995,769
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ADM. dalual) 5 g 4 dolud pllall gl Conen dllgional) 368 o)) 43185 Clua 3-1-4
1994 alall Peak

Aol Pl eligiwd 2550 228 SATURN by )l 5lSlaall geali s eilis Conin
ok e 1994 2lell 7.30 5 6.30 deldl ¢y Lo siaall alocall 5 4,30

Fuel Consumed during Time Period: 34,397.7 Liters.
Total Number of Primary Stops/Hour: 26,4322.6
Total Number of Second Stops/Hour: 188,770.8
Total Number of Stops/Hour: 453,093.4

58 Pl ellgindl a8l LS Jlaa) coluad darisid) Equation doteall ¢uilS Gua
:(SATURN user Manual, 1998) <5 5,
TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2 (1)

cllginall 3@l A Jlaa) & TFC (f ¢ua

BsoY Aol (PIA de sl 440<) dilud) L¢3 TTD Ul

Over-Capacity Queues +Transient = _al 4l clely sae g se 2 TDT
Queues

gl g AN e sl caladali) Bl e e 48825 ST U

Default Value A= o3 FLPSS s FLPPS s FLPH ; FLPK (= J_S J_%a
' s (SATURN user Manual, 1998)

0.07 Ltr/km s 5 2l 5 siasl€ll 4ol Dlgiud Jue = FLPK o
1.20 Ltr./Hr. s854elull 3 285 ¢Dlgiud Jaes = FLPH U

0.016 Ltr/PPS sa5 I Cgll 8340 &Dlgiul Jase = FLPPS Jici
0.005 Ltr./PSS st 5 5l <5l 3 35850 Dlgind Joee = FLPSS

SRRV o lletind) 3850 B8 el Aalil st B 2y (1) Asbae e

TFC (due to Congestions) = FLPH*TDT + FLPPS*S1 + FLPSS*S2 (2)

50




= 1.20%(2713.7+1321.6) + 0.016%264322.6+0.005*188770.8
=10015.38 Ltr/Hr.

o= L3 1994 ale (DA Laluall 55,0 dele DA eligud o550 G o6 Jal,
sy 5 10015.38 wic sl s cllgioad 35850 L€ iy oladl sk Taadl 138 ) i

L5365 X 10015.38  =1994 olal cligiudll 35850 uaS lan] (8 asle

150 3,655,612 =

k3 310,727 =)0 0.085 X 3655612 = 2585)) eDlginy 5l Gl e
(Stiaal s ) sl el ams e sin ibed (o 380 il e ltial )

N Bl slaal) el il lo Aiial) Ay 9l Bl A8l 4-1-4

: 2011-2005-1997-1994 4l 530 dilusall 5 dalual) § 5,40 deld SATURN
A (44 1-4 e Jslaal) SATURN slSladll peali p la jaad Gadle L Lo
t SIS 852011 5« 2005 « 1997¢ 1994 Al 522U ddluall 5 Aaloall 55,30

5 lghuall 3 g8l dpag g B gl SATURN 3lSlacal) galin cila 3 (1-4) a8 Jgaa
2011-2005-1997-1994 < sicdl A.M. Peak dualuall 35 0 5 a8 DA 5ok A<

SATURN Outputs 1994 1997 2005 2011
Transient Queues pcu. hrs./hr 2713.7 2561.5 3680.0 4355.6
Over Capacity Queues pcu. hrs./hr 1321.6 3035.0 5697.0 22068.0
Link Cruise Time pcu. hrs./hr 5230.2 5703.7 9732.4 11128.2
Total Travel Time pcu. hrs./hr 9265.5 11300.3 19109.3 37551.8
Travel Distance pcu.kms./hr 348318.8 | 360378.8 | 619038.5 | 701918.6
Overall Average Speed kph. 37.6 31.9 324 18.7
Rate of Fuel Consumption Ltr./hr 34397.7 374714 63486.5 93776.1
Total No. Of Primary Stops hr. 264322.6 | 2893222 | 443186.0 | 601485.6
Total No. Of Second Stops hr. 188770.8 | 179971.6 | 362097.1 | 661939.7
Total No. Of Stops hr. 4530934 | 469293.8 | 805283.1 | 1263425.3
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o5 llghiunal) 358 5l) Auasy 8 gl SATURN 3lslaall gali o il 3 (2-4) Jsa
2011-2005-1997-1994 &) sicll P.M. Peak dsibcall 5 3 5 b P& 5ok Al

SATURN Outputs 1994 1997 2005 2011

Transient Queues pcu. hrs./hr 1960.9 2038.6 34959 3886.5
Over Capacity Queues pcu. hrs./hr 925.4 1246.3 8924.3 20822.8
Link Cruise Time pcu. hrs./hr 4869.9 5186.6 9254.2 10759.3
Total Travel Time pcu. hrs./hr 7756.2 8471.6 216744 | 35468.5
Travel Distance pcu.kms./hr 312930.6 | 332589 | 5877124 | 677483.0
Overall Average Speed/ kph. 40.3 39.3 27.1 19.1
Rate of Fuel Consumption Ltr./hr 29064.8 31491.2 64873.5 88004.9
Total No. Of Primary Stops/ hr. 206982.9 | 233931.5 | 427854.4 | 517270.7
Total No. Of Second Stops/ hr. 76875.9 105017.0 | 396739.8 | 5307314
Total No. Of Stops/ hr. 283858.8 | 338948.5 | 824594.2 | 1048002.1

A8l janu) &5 (1174 e 3a2) SATURN sllaall zeali jn ila jas ¢ i e
o ol il Ay g el ELERY) (e aalill 5 (34 Jsas) Gk ASus e ailall cd )
Ol o laes 48 6K A Sl pa s Aaaluall 55,0 Aol DA il i) das
delw Dl wilall ¢ gl ded W dxilall Jeall delud i 2 (5 b agllee] L enia
Asaliall 55,0 5 5l Jaad) Aol Gl (o %50 (5 st 43 (al 8l 5 288 4l 55,30
—2 L s LYY Gew A5 (Miller and Moffet,1993) 4l jo ae & (! 541 58
e %50-20 O Lo Janll acaidl e siudl dad A ol ¢ 508 Cua AL bl
Gl Aa e jalil G ellgad) 3850 B 71 S G L Y L i
LAY oy a—iad) Lelaany 3l RIS 5 d8laall 5 Anlaall 55,00 el DA

A5l

PR RN

rdokl 4Gl Jo adlal el Al -
Pla Lo gad Jafin¥) 85340 &y 55 el LAY Al of eyl s jie mn &
Gl A & e ailall a5l AdS s il 4 Lo a g cadd dall i
S (574 Js2a) 2011-2005-1997-1994 &l s dilual 5 dpaluall 55,3 el
aluall 5500 ) ele Pl 3Lk A% o pilal @il daws Joai o gl sl
b el 55,0 elu Pl g sl cagll 0 %53 s 2005 ple 3 Al




Gl A Jea of @l e 4l LS ol A S 3 Baa 5 A2l 40783.7 sy
G 5l Gl A 55,0 el DA Gk A e ailal

Gkl )t (Apbaiu¥) A pepeal) Al 5 dacl LS el an) 5 Alaa DU
il M) e IS B an s Al 14,6213 Doy Lo ff %67 e Sl gl sl
D) sy il s Joa o a8 55l e Lt sl 55000 el (Dla Ll
e bl il ) (e %33 san s bl udtl Ay ) 5 pall A8 sl LYY Hslla B
sl 3 Alaal g daluall 55,0 gele DA 5ok 480

2011-2005-1997-1994 ) 53 okl Al o adliall i glt Ay gicdl MY (3-4) Jgan

bl ¢ gl gl £ gaaa
gl 4 piud) ddtal) gl £ gana ol P DA £ shial
/gl b el Zaluall 34,1 508 Aol o
delufdiu Lo lufigiluall y Laluall

e lufiglua) g
3,999,269 2,526,384 6,921.6 17,021.7 1994
5,284,434 3,241,711 8,881.4 19,771.9 1997
11,378,583 7,955,978 21,797.2 40,783.7 2005
28,308,123 18,663,508 51,132.9 73,020.3 2011

el Pl Gkl 38 e pilall gl s doa of wd sl (a8 2011 le 3 U
Lo 55500 el Pl g shidl ca gl ) 00 %70 JVsa dfladl 5 Laliall 55,0
orSall g aakd adgiall Cd gl & gana (g asll QS JE a5 Aelu 51132.9 Jolay

Aela 73230.3 s

B Jaely @l Soal aal iy plaa V) o bl gl G Joai o g3l (ga
Bl s ame e %84 s g sl 5 3ok (3 5lal (AubaiuY!) dsea A3
Pl bl e i Lee ol B Al 5 daliall 5550 el DA gl
2 e 518324 (o Aad il de ) (miad o @8l (e s ) de
Galial 55,35 8 Dl 2011 bl Aol 3 5 lS 18.7 L)) 2005 ole b dcll
el 28 cuan deladl 8 jie S 2701 (e Adluall 55,000 5 8 (DA aidiin LS




e O AUl 2011 ale Glad g can delall 8 2eglS 1901 (s ) 2005
o ledl adl e el slad AT el 5 Sllgiad) 3586 (e 1y e Sl

Gl Y Sl ) 368 g A o BlSlaal el il e il Comia df N
o AN 17175.04 saicaly 1994 e Bl Gkl i e alily 354l
shabuall 55,0 Jele DA dllgind) 280 S (e %27 Jolay Lo 5 asll 3284
e Sl 28l A i s B0 e 5 63462.5 sy il 5 Al
S al) Wl s il sle 6.27 JVsan 5085 1994 L 8 4y 5 el clELaY)

(474 Jsa) Fuom D 05k 0.53 s

ol 5 & g el BLEAY) Conny ellgionall 3586l dpas o IS 8l DA (e Dl
cua @llginad) 355l e e %19 e S @ 281997 sl BIs 5kl A e
7l Lids a8l wdll o Jlea) oy Cun 1994 ale DA &y 5 pall cilBliaY)
i 95l 0.63 Ge 5 Bk A<y 3 A e Sl (aile 7.46 (e ST

Cayas Ay g_pall LAY iy Sllginall 35850 B (o 3Slaall i gy el 53 a5
il g A alandyl JSL Gl aaa sl 5 L2011 5 2005 ale P Crelats
ey Al a5 85l AuaS aln o a8 gial) (e a5l Dlginly Aadi el Lelaia¥l
o il 5ile 31.00 5 16.00 JVsa 2011 52005 & 521 Pha 4y )5 sal) clildy)
O—ale 2.64 5 1.36 sai 56 adina Leleaty 445 Lgie aminn Laa o I 51 e 2840

Loy ol

1997 1994 a) 5230 5 5,41 clela PA alil) Cuac i) 368l AilSg s (4-4) Js
20115 2005

Lo ellgioall aghghl 44165 | ellgional) a5l dpas STCPUREES A58 5 dgaS M)
A o LAl Ao oAl ey Gy dlgiaa) | DA asl (B ellgia
S/ b @bl Al Aol Pa il S5 M el [
Ay Silfash 5,0

532,856 6,268,890 17175.04 63462.5 1994
634,612 7,466,020 20454.85 68962.6 1997
1,361,608 16,018,915 43887.44 128360.0 2005

2,644,040 31,106,354 85222.89 181781.0 2011
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:Cost of Health Impact &) 3¢ & ol daaal) [EY) 441K 24

Slial sl g ULl g HLllS @Bl gl g U A8l Jladial  JEo) dlee o
A s clialall 5 @ jlad) o) se ey S8 Cun g sall sl el Sighl Lk | jneas
sl d pemall Bhl sl 8 dalin s Y1 e (e ol Lghsand 1kl
Ground-level (—a ¥ (j535Y) IS 8 ol sedl b aaluy JUadl Jus ad LS
Ol o B 33 puaall Gl abies 4ie et ) JSLES e e 30 Ozone
SOl sy lial 5 (g0 Lgaliaa & &aidll Fine Particulate 4883 Clepall W L Alal
Al sed el Qlal) Jie dpmall JSLED (e el Ll Ga ) e 5 shatd (sl
53035 ¢, Ao gl Adadil) (e anlly calall Al Gl 0 Gl el s ¢ syl g ¢ el
O—a i—iay Aalll 38 sed) <l lall oyl o fiald] e el B8 LS il ) Vs
Lol e gl s e bl ods Jond elld Y b)) Clisse s
palaadl 8¢ Bl aaley WS L4y pasl) Bhliadl Adleall llid) e Visibility
Greenhouse Al & jle Sl iimy g 13 66 puaiall 3hliall 3 dael )3l Lalisy)
s s, i L wdi ) Lealue cBbal gall gLk 5, < Gases
.(Bernow and Dougherty, 1998)

il sy Economic valuation (ssbail ay® oo 5 ke Juaill 138 e o 3all 138
ol e e bl Al s o) sl gl e Aaalill dmall U 5 jasall dpaml
Al 5553) %49 saiy bl 5 el sell lhsle il A8 Man) 3 LSl daalisa

o1 sal sty DAY b il 5l Jsn cpaoad) gy Aslabll aiese <l (1997

oolfiely) Aplaludl i e e dald by e sl 23 Gl e 285 Qlual
SRS ECR SN RS IS W ¥ Y (TS 5 LS CPORRE WP I Y [N
G ol eV by A b Gl V) e 3 IS el i) e il
et 55 ¢ 2000-1995 e ol 5D elldg ¢ aftadly AaY) 50 s cAikaiall 5 A yenll i)
Sy e el Jlaels o sel) &bl Al U1 4GS i 8 Ll o3a dgas
dele Baaal) oo A oda of V) o(Apbalad) i) oppadl Alsy 3 ddiaae aalg
oty e AEI) oda il Ay g peall Aanall Cila glaall 5 UL e oY 1k
— Aaadiall Gl el bt U dedn ¥ bl oda o LY Al 5 e

ool
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2000 plall il jlauadl o3 s o ol sell ol e Raalil Lial a1 AL 2 i) 5
Jd e b Sall g cpondl el sed) sl lea) 8 <l ) Al T il e
45kl o2 B0 S el sell sl BpaS Jlea) (10 %49 N 520 1997 8 A 0553
daall Rhanl 4,55 Sl axial) (Glaistar ef al., 1999) o & 6 dexdind) 45 )L s
35 Anadl sda 8 S daas a3 Dbl sall (s AR Jsa Ay ol Akl
Al e Jlate &l jh ol ad 5o G sle i il gl CV A dae g a2 Ly

I [ DV g L RO

Js— dauall 5 ) s dulall Glosleddl 38 e e leale Jguanll 23 Al Slll) ma i g
ol sl Gulalall el dae o (574 Jgn) el sell sk A8 cd il aY)
e s 23l WU s bl o5 (174 JS8) 2000 ale 8 Liay 30 3645 sai gl 38
AalSy (674 Jsra) Ui e 05476 Javsiar Logy 17339 sa aly agd dadial
o—mall Aaly L (774 Joaa) 2al gl Gy pall [l 109.3 sy 5 dsa sy
Clalll e cpaa i el g A it Gl el e gila (A Out-patient Cpalall
e el ddle N AASS <y (84 Usan) Ly e 2333 sa | il 388 dpanan)

sand g a,L 50 Hln 27.3 s

gty A ya ) ey aliaal) 5 Alaladd) i culiad) Gl al) e sall 2 (5-4) o
2000-1995 (s 5 58l DA ¢ g

2000 1999 1998 1997 1996 1995 Al ad
125 123 154 77 72 85 Malignant Neoplasm of respiratory
il leall sl )Y
508 583 659 592 544 531 Ischaemic heart disease
Iy gedll il Lo g paal
733 739 773 651 684 666 Acute Respiratory Infections
saadl el leadl il
1460 1250 1376 1255 1116 1181 Other Disease of Upper respiratory
Tract
gl i) Slall il
507 563 696 566 575 573 Chronic Obstructive Pulmonary Disease
(COPD)
T jall g ol e
312 375 440 369 352 325 Asthma
A
3645 3633 4098 3510 3343 3325 TOTAL of Patients
aal) Nl § para

2000 aall S gleddl 3S pe cinall 3550 ol




ayal) s

4200

4000

4098

3800

/N

3600

633 3645

3400

3510 ////,

3200

3000

asu

B sl (A s s Sty At e 3l ey ubiaal) pdajall e A sadl) clalad) (1-4) s

2000-1995 (pa 5_sdl

£) o) Cigliy Aot o () ey cpbiaall Alald) i (8 Ao ) oL s (6-4) 2

2000-1995 (e 5580 DA

2000 1999 1998 1997 1996 1995 ol aud
1985 2146 2512 1565 1537 1022 Malignant Neoplasm of respiratory
il gl sl ol )
2908 3575 4030 3820 3695 3647 Ischaemic heart disease
sl Qi de gl
2489 2468 2656 2277 2120 2045 Acute Respiratory Infections
salall il leall Gl
4862 4377 4949 4494 3862 4120 Other Disease of Upper respiratory
Tract
sl il Slgad) Sl
3462 3953 480! 3577 3377 3596 | Chronic Obstructive Pulmonary Disease
(COPD)
a3l &gl ol Y1
1633 1904 2081 1751 1537 1519 Asthma
sl
17339 | 18423 | 21030 | 17484 | 16128 | 15949 (p52)E saxad
3645 3633 4098 3510 3343 3325 sl e
4.76 5.07 5.13 5.00 , 4.82 4.80 G e O Ate )l b gia

2000 c:\.)a...a” L’_VLA}.\A.AM )S)A cdaall 3\)‘)5 :)w\

v
~




Oma A pall g Ailalad)  AEEc! Guliad) e jall Z3ad) AL (7-4) Jga
(A J53/2000-1995 (e 5 5 DA

Description 2000 | 1999 | 1998 1997 | 1996 | 1995 ol
Average Recurrent il 4l Jau gia
Health 85.8 | 86.1 87.4  90.0| 820|793 L
Expenditure/per Capita bt 2l Rl

(3_))5.14“ C_‘L&J)a.d‘)

Cost per Inpatient Day | 109.3 | 100.5 | 95.6 92.0 83.8 | 79.5 ) e Al

aglalad) ik

Cost per Outpatient . sl Ve s
Day 273 | 251 239  23.0 | 21.0 L
- shlinay oo lal)

2000 (aaall el slaall 58 e cXaall 55155 1 jradl

bl iy Lnaaddll clabad) o 50 Sl dil) lgad) i e s (8-4) Jsia
2000-1999 ¢y 58 DA

Ayl ol cpailiall s el Q) L
Total Follow-Up Patients New Patients Year
2717 2067 650 1999
2333 1796 537 2000

2000 ¢imall e el oo daall 51 55 0 aaal

e o) se—d) ity Aadi ye il ey Coliadl i el 2 el Gl RS 3 4le
sl LS Al il 5 Alalad) alaail W@ oS 2000 ple Pla L) 23 se

Ej={ b, (d) * COI, (d)+ b; (d) * COL (d)} * RP (p;d))

2000 alad Aplaidy) 48N G
A5 2000 ple b sl il sl pOle sae lea) Jidié y(d)) U
25 17339

b Ananadal) bl e gpon il il Sleadl (o sae Maa] Jé by(dj) U
o e 2333 annxe 52000 ple
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ralgl ol 8 Anldull el Inpatient Caaell gy ) o 4SS COI Jisis
12 109.3 ey 5,840

Gl e oy p W) Outpatient s )&l Ja el 23 S COLL Jud G S
Ol 27.3 jleer 5o Aglalud) ey Apacasl)

o sl st an) (e il jland) ) g A8 &3 o) el i sle Ao Jiaié RP(PI) W
1997 ale 4 Al (55 &l pad s %49 M a3 04l

a5y el se ) gt e Baall (55 8 ) A al) S0 ALyl sl
1Al Aalaal) 25l 2000 plall il Hlad)

E2000 = (17339 * 109.3) + (2333 * 27.3) * 0.49

=B.D 959,833

i ol sle 1 sy 3,085 2000 slal ol sell i ghil dmaall )l juia) Al ¢
il S diaal) A3 JaY) e dls sl Jie Vs las Wi | 0 iy
Lr_ls:C)gaa)z_d\ckmwﬁ_\daubj‘abwleglﬂ;\}@\&)hoc&;tﬂl
£ U] ol Al iy eel sell o gby Adasi sl gl RIS ISy cdpmaall ) sl
g el se sl e Aaalil) dmaall ) ey ASSH i ) i Sall o g cJendl e

& sl 1 e A8l (o Ol die e o s

o) sell b e Aaalil) Apla@y) Aaa pasl da DU g ALeSall bl jall Qe of Sl Y
il el wiill  aca ) il a5 Epidemiological Studies 46 bl jall i
IS8 danall lasbeal s Sl 6 a5 ccpadl A gl dana o ol el sk
ol s gl Cannsy acinal Lglanty 3 R8s AECN 0 Conall (o ey oGy JalS

coald 8 il adlse Ca g ale UK

s3al ) w4l Relative Risk dpwll 5 shadll Jalad saoadl <l ol e cuils 6
(G A0l el il Sleall (al al) Ll eY) A 33l 55 6l sell lisle 3S 5
‘”5_'\,5_4.“ .)_».A)j‘ QYL_Ac___ﬁSj 43\:3)_'_"1';&\_5 ‘&,Jg_}dl CJL..»\J.\.“ LD\AQ.QPEBJLC— g_sﬂ‘ﬁ
> aas s e 05 Response Dose (st de sa) Cimy Lo 44y 5l dladiuly
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bl Dl el Gl L aimall 3 il eV A 0l 8 e ok sl saly )
gl Glabadl s ALY Ale 1 90 e e oo il el dael dalal A
sl ol Aglae ol Jaay Lee 5_dsie e (el Claals Aalall cile slaall Gl
o el e JIi iy G pxe e ESH Ly ol el sl (e Aaalill dpeLaiall

LA Alas) dlee

sl Jlad) i) ga A8l 34

i b b Gladinall e 3aal) aldial e A gl ol pall Apnbai@yl Sl 3 i
o ) el o) iy cOlial sall gl anald sl saill dia ALl 138 calledl oo
il e dlall o cal letesie (3 b Adbde Gl ) @l pla ) oSe Cua
Lavie 4l Cogymall (e Laladl Jaill alai 5o U€ [ 5aiy chaalsll cDlal sall il s slasiny
le—ic aab Al &l sall & 85 ¥ laal Ja B ccDbal gall s aladiud e llall o 3
U PN PP P IO S W) IV REOA BRVERIWG [N -X I » E P PE PR S PR [
adinadl AT e el Jeaty ety (el lbeall g Aaliny) 3 sl sl ddle S
Gl daasal Alay) V) LK) dakal il ddad Jeai Y JBaN i tad
Gl pall 25 Ul Alana) lead Jie dalall Sleadd) A8l Jass Y LS Gkl Sl a4
o3 =) il A daan Y X LS a8 a5 dpaaal) dle ) adllS
et caimall e 5 all ul all Lpum i  n HlA) Cadlsall Y g dalal) lSEiad)
o2y (Miller and Moffet, 1993) J-fa Gfaldl s (uala@y) e 5K 1 ol

bl dacl ) 3y ddan el dua Al Call&al e Ay 5 el Cadl sal

Sl 3 ) ol gay Adai pall dm LAY FAIS 0 s Al e e el e 8
:‘é_‘bﬂw' "|‘5

Y A lal) dalss ~

.QJ\;;J\@Q:QLAA\ C):_E\_'qls:: -

1999 25w il aladiad 23 4y 55 el Gl gl e Aealll dpe LaiaY) a3 Clua Ciagy
el el Asad eV a5 ol sl g cablay) sl Gl dael Jsa
gy soall Gaal sl Ulacal cpelill @ilS 13 Ciliay gad
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oo B Alaad dilss 1-3-4

ST g RO T- e VRPN LI PN I VRN L P I W WEN R SRUNTSN S
)l ol Llaal dnliall 4305 paat il e a8l gl 8 Sl sl (g5l oS 1 U
iy A ible 5 ks Jidty Jibs jlud ce Calini s ) dile 5 lud oY Al
Lef 2 Ay paa o il G aly LDl ) el o) e (35 s
Nawiad Tase =1 el o o 68 Bl aps 38y 5l () spobiai@¥) g il o 891 5lad Apaliad
sy e yhaall T 4 4 5 Ala 3 Willingness to Pay (WTP) adall aaiaall o
ol A 4 Willingness to Accept compensation (WTA) sl J 5
ksl

O e85l (e At N Gl aal sl s ila sale] £ 5 e o G elld maa il
sl iy eV 3 (4 ge Gukll Gl e Laalll cld gl c¥la s 8 aaly
I3 28 o 05 Caga 1 clygin Ala ) (g ale 1 o 2y adl (yal il 5 i, 100,000
Value 2l 5l ol sl Gl Al W L33 3 330 10 sl o dladladl ¢ 5 i)
Risk of &igall phalas duus 3 Hsdll dad laie pul@é of Statistical Life(VOSL)

a—iad Jal e 1Y 59 20 il adal aal g Gadd 08 e Jaaid dllis IS 134 (Death
Os—le 2 (5 sl atbal Apeall il L8 JLalbs caibiad danally Gl lali
.(Kristensen et al., 2001) ¥ 5

Luisie alaai wly VOSL slall Gl sobiai@¥) ol 48 jla aa) 51 Al ol |y
Jaid plo e iem g S5 WTA Gy sl Jsd f WTP giall ainall olaeid
sload A ola@¥) Aadll e @l GulSadl il 5 ol 5800 a5 stnally adall adind
b e el (e JuBR ol an sl axialy Lo g 8 jaaiall o Y1 g lda lld ) ol ool aY)

coarsdl) s & )

Gkl & a e Aeald #1501 3 lall Lo LaaY] 4K 0@ Ayl oda 8 o0 a0
Go—hll Gl g s SLa ) gl alliad (5 pealll 3 gaad) Aoy <1999 lall p all
sy SLne Jf (e At GlSAT Lging alially (94 Json) Ay end DU o
26,0005 13,800 3= Lo 2 Al sliad (i sxl) il (g gamadll 3 ganll i ) 0 Zos 0y
V5352,000 s sl spmr w3 19,571 sad Y deay i go3 o syl
) ol g Aiall A8l I m) (e Jla sl Ji Y 5 Liie Aaill o385 L S5

ol




A ot Lo e (A5 caali) Sae ) sk et ALY adde Aldlall 4S5 (Jeall (3 5u
I AV Gleadll (e dgnai ) ALYL cyuuil (S cadedl) ciaall Ale ) e
s & VOSL o all sball 4 &5 i DA (e 3_al 138 JaaDly Al LALo0l e ji o
Lo sia 5o Diad ¢la 83 &0 A CllSal) maen Lol 3 380 A deaiid) J5all 5 Al

.(Whilloughby, 2000) LY s gssle 1.8 M sa A sy 531 Jsall & slad) dad

A yanl) LD s Gkl ol Gl my el e iadl) (5 gl ) Aaatiuly
A (Sl Jlall Gl ) Baalid) a8 oo Aaaldl fleall deLaal) 28 b (e
g e 2 D Osle 1311 (520 1999 ale (jaall 4 @kl &l sa il )
pe— sane @l g Ay yae 2% U< 1999 alal 3kl s Gy EV s 22 Cpen Juala

(974 &8, Jsaa) 388 < Gy gaill (5 gl pll L Alls 63

Juad u-ub) a._\g\.'u\‘l\ Q1R ce daalill JludAll Aelaay) 481 5 oy gail] (5 gualll 3 gaad) (9-4) Joda
1999 ale (il g.é Gkl &l ga cild gl A (Q,.a'b.u"g\

Sl Lad  Maa) bl el e el ) aal) Jg yand) A58

H G selaf5 0l s/ Ol g2
0.247 13 19000 w10 = 1 e
0.187 10 18700 w20 - 11 e
0.390 15 26000 L 30 - 21 o
0.180 8 22500 L 40 - 31 a
0.168 8 21000 L 50 — 41 e
0.112 7 16000 4w 60 - 51 e
0.027 2 13800 Sy i 61
1.311 63 £ saxal)

1999 cz\_'uj_)a (33\3;'1 Z_)J...a.al]
2001 ¢(pealill 4ty &0 Aty sadl g o cppelill dgida ) o yadl 4845 2

tdokl g ulad) g3 AAlS 2-3-4
Oml—adll #3le 4SS Caainall Lglaaty Al g 3kl Sl sa e Aealdl pluddl e 0
Sl ga e A egall Sl il 058 A1) e gl AR dlle Y] el
2dd (f Gy —endl @0 V) ekl s bl 2 e el Adarty S Ll
Al 3 ) 5y e IS O GUYT ol dua (e IS L) JelS S 26 Y dgdadal)
Eol il S5 oy a5 el saall 55 Y o el S cppaall Aa
s Jba ¥l (e IS G ad V)L a5l 500 adie 3 sall il gall LY
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pial Claddl S 2ty Laa 5 ka BlaY) CalS 1Y Lia sead alaall 138 30l A
88 e A aalll AL al) el S 8 il gt Jadn Y Gl ¢ _adidl) ERE
el e Sl gl (8 Guliad) g UaiY da s daluy)

(104 Js2s) 20la 32666 5o cpoyaall g0 4y 59 all sl gall 22e & 1999 . @
o Onlmadll 3o 50 %17 daley Lo dagl Al 476 Lot ciila) 2799 Lie s
(1174 Jss) adied) 2 adle ;05 4621 M sa elad Leadle o 3Bal 3L &l s
A 1999 dun b il 8 aid) (o gall Akl e ) A T e of Lde 13
Al s il (2001 chaall 51 35) 2l sl a8 i sas S0 1005 Jsa

- Osle 0.464 N sa Y Jost Aald) ALYl el el dlasY!

e 05le 00580 sany 5 sl 5 dases Ajla) Alla 2303 #3le AW L) Ll L 1Y
o=l Sl 25,1 (a0 1999 daw 5 8l o )l Gy sall 2 0le 4808 Ll
0.52 e 2351999 ale & 35 al Eul gl llay Adlaa!) 2dSal i 5asl
sl Gead ol Gl 3 e Alianddl ol Jle olat ol e 8Ll ke
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SPSS

NO2STD SO2STD COSTD O3STD NMHCSTD PM10STD * Year

Year NO2STD S028TD COSTD Q3S8TD NMHCSTD | PM10STD
93 Mean 183.0000 | 240.0000 32.4000 | 136.2300 6.7641 576.1333
N 1 1 4 100 4261 120
Std. Deviation . . 1.8074 56.1730 13.1440 | 278.4218
Maximum 183.00 240.00 34.70 396.00 99.70 1787.00
94 Mean 162.0000 130.4369 8.1463 | 672.2864
N 4 103 9001 2228
Std. Deviation 18.4210 42.2536 7.5973 | 351.6708
Maximum 179.00 374.00 82.80 1998.00
95 Mean 134.7895 36.4000 | 155.6961 1.1145 | 589.7134
N 19 7 181 8718 335
Std. Deviation 24.7040 5.9833 62.0904 4.6922 | 284.1037
Maximum 195.00 42.90 377.00 75.30 1860.00
96 Mean 120.5000 32.8667 | 146.5101 .9087 | 595.1234
N 2 3 298 13583 478
Std. Deviation 13.4350 3.8527 79.1470 1.8057 296.1054
Maximum 130.00 36.30 512.00 73.60 1998.00
97 Mean 126.6667 35.4778 | 127.4091 2.5637 | 634.9635
N 3 9 110 4103 411
Std. Deviation 14.3643 2.8084 45.4483 4.8814 | 313.8315
Maximum 143.00 37.50 387.00 93.70 1998.00
Total Mean 134.6000 | 177.6000 34.8826 | 142.5682 3.3965 | 646.6918
N 25 5 23 792 39666 3572
Std. Deviation 24.5866 38.3575 41205 65.1201 7.0529 | 333.9627
Maximum 195.00 240.00 42.90 512.00 99.70 1998.00

Case Processing Summary

Cases
Included Excluded Total

N Percent N Percent N Percent
NO2STD * Year 25 .0% 100795 100.0% 100820 100.0%
SO2STD * Year 5 .0% 100815 100.0% 100820 100.0%
COSTD * Year 23 0% 100797 100.0% 100820 100.0%
0O3STD * Year 792 .8% 100028 99.2% 100820 100.0%
NMHCSTD * Year 39666 39.3% 61154 60.7% 100820 100.0%
PM10STD * Year 3572 3.5% 97248 96.5% 100820 100.0%
NO2STD * SitelD 25 .0% 100795 100.0% 100820 100.0%
SO2STD * SitelD 5 .0% 100815 100.0% 100820 100.0%
COSTD * SitelD 23 .0% 100797 100.0% 100820 100.0%
Q3STD * SitelD 792 8% 100028 99.2% 100820 100.0%
NMHCSTD * SitelD 39666 39.3% 61154 60.7% 100820 100.0%
PM10STD * SitelD 3572 3.5% 97248 96.5% 100820 100.0%
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NO2STD SO2STD COSTD O3STD NMHCSTD PM10STD * SitelD

SitelD NO2STD | SO2STD COSTD 03STD NMHCSTD | PM10STD
Manama Mean 132.1364 | 179.0000 35.1455 | 144.5484 2.1389 | 669.7365
N 22 1 11 124 12635 1260
Std. Deviation 22.5880 . 5.1475 54.4363 6.9284 | 333.1693
Maximum 195.00 179.00 42.90 351.00 85.70 1996.00
Askar Mean 183.0000 | 188.0000 31.6000 | 138.7475 5.1179 | 637.4453
N 1 2 3 404 14493 1608
Std. Deviation . 73.5391 3.6346 52.5031 7.7563 | 335.0732
Maximum 183.00 240.00 34.70 388.00 93.70 1998.00
Zallag Mean 137.5000 | 166.5000 35.6556 | 147.4848 2.6739 | 626.5668
N 2 2 9 264 12538 704
Std. Deviation 36.0624 3.5355 2.3367 84.2363 5.8245 | 330.9759
Maximum 163.00 169.00 37.50 512.00 99.70 1998.00
Total Mean 134.6000 | 177.6000 34.8826 | 142.5682 3.3965 | 646.6918
N 25 5 23 792 39666 3572
Std. Deviation 24.5866 38.3575 4.1205 65.1201 7.0529 | 333.9627
Maximum 195.00 240.00 42.90 512.00 99.70 1998.00

1997-1993 (e 5 8l 0 all A skl yuleal ol sgd) clisle sladl 5 pucll) aull

Year NO2STD SO02STD COSTD 03STD NMHCSTD PM10STD
1993 183 240 347 396 99.7 1787
1994 0 179 0 374 82.8 1998
1995 195 0 42.9 377 75.3 1860
1996 130 0 36.3 512 73.6 1998
1997 143 0 37.5 387 93.7 1998
1997-1993 (e 588U al) (& &gkl pulaad o) sl cligla ko Jau sia
Year NO2STD SO2STD COSTD O3STD NMHCSTD PM10STD
1993 183.0 240.0 324 136.2 6.8 576.1
1994 0 162.0 0 130.4 8.1 672.3
1995 134.8 0 36.4 1565.7 1.1 589.7
1996 120.5 0 329 146.5 0.9 595.1
1997 126.7 0 35.5 127.4 26 635.0
1997-1993 (s 5 il Al covan o) 5gd) clislal joladll el axe
Year NO2STD $SO02STD COSTD O3STD NMHCSTD PM10STD
1993 1 1 4 100 4261 120
1994 0 4 0 103 9001 2228
1995 19 0 7 181 8718 335
1996 2 0 3 298 13583 478
1997 3 0 9 110 4103 411
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1997-1993 ¢y 5l 4G coven 51 sgd clislal slad) clelu s

NO2STD SO2STD COSTD

SitelD
Manama 22
Askar 1
Zallaqg 2

1
2
2

11
3
9

03STD

124
404
264

NMHCSTD
12635
14493
12538

PM10STD

Report
TIME

0 Mean

N

Std.

Deviation

Maximum
1 Mean

N

Std.

Deviation

Maximum
2 Mean

N

Std.

Deviation

Maximum
3 Mean

N

Std.

Deviation

Maximum
4 Mean

N

Std.

Deviation

Maximum
5 Mean

N

Std.

Deviation

Maximum
6 Mean

N

Std.

Deviation

Maximum
7 Mean

N

Std.

Deviation

NO2

13.9773
4457
13.7516

128
12.9704
4491
12.3016

98
11.1169
4456
10.8821

81
9.5947
4417
9.948

63
8.7749
4421
9.0424

60
10.1309
4524
9.2449

59
13.6561
4559
11.5143

115
14.1622
4575
12.3556

91

SPSS gzl
03
2.74 25.04
4401 5076
5.57 20.35
119 512
3.5 2446
4481 5072
8.2 15.95
131 238
2.76 24.98
4386 5075
6.79 16.47
187 433
2.61 25.75
4369 5072
5.85 18.42
105 468
2.53 25.58
4360 5070
5.52 16.89
141 433
2.76 24.23
4389 5070
7.2 16.64
157 512
3.1 23.18
4427 5064
5.73 16.57
99 512
3.39 26.96
4449 5066
5.95 19.3

1.116
4887
1.609

19.1
1.236
4885
227

41.5
0.892
4881
1.489

31.8
0.784
4879
1.254

23.6
0.724
4878
1.139

18.3
0.793
4878
1.194

16
1.037
4876
1.368

16
1.181
4877
1.591

8.55
2850
16.389

152.1
9.149
2843
17.891

182.2
9474
2834
18.856

166.1
9.559
2830
19.727

187
9.452
2829
19.013

173.1
9.463
2820
19.081

182.5
8.807
2807
17.274

180.8
7.901

2819
16.44

95.27
3675
150.05

1860
96.32
3676
161.01

1870
98.17
3674
167.43

1998
95.34
3674
161.14

. 1998
94.49
3671

164.62

1998
97.12
3677
160.37

1998
116.4
3682
162.4

1998
126.12
3683
165.96




Maximum
8 Mean

N

Std.

Deviation

Maximum

9 Mean

N

Std.

Deviation

Maximum
10 Mean

N

Std.

Deviation

Maximum
11 Mean

N

Std.

Deviation

Maximum
12 Mean

N

Std.

Deviation

Maximum
13 Mean

N

Std.

Deviation

Maximum
14 Mean

N

Std.

Deviation

Maximum
15 Mean

N

Std.

Deviation

Maximum
16 Mean

N

Std.

Deviation

Maximum
17 Mean

N

Std.

Deviation

Maximum
18 Mean

N

Std.

Deviation

Maximum
19 Mean

N

108
12.2616
4542
11.0182

137
11.5935
4494
10.579

80
11.4542
4463
11.4086

183
10.7622
4457
11.0948

163
10.2253
4429
11

116
10.0506
4428
11.2153

121
9.0465
4434
9.9999

123
9.2446
4415
10.1964

108
11.1555
4424
12.1835

143
13.2484
4437
13.7094

159
15.0256
4421
15.2711

128
16.028
4422

76
3.6
4429
6.67

103
3.96
4396
7.56

179
4.36
4400
8.74

240
4.43
4394
8.25

135
4.43
4393
7.71

111
4.47
4387
7.93

196
4.39
4388
7.32

105
4.46
4374
8.23

225
4.68
4364
10.06

353
4.25
4355
7.76

169
3.8
4354
6.81

96
3.48
4356

512
32.86
5031
16.68

261
37.78
4983
18.01

282
42.47
4973
20.91

360
46.96
4974
23.95

388
48.98
4977
24.22

374
49.43
4981
25.07

415
49.64
4983
25.72

512
48.12
4984
24.64

379
446
4985
25.11

512
40.03
4985
23.44

512
35.73
4989
21.69

315
32.46
4992

17.3
0.889
4850
1.183

15
0.877
4812
1.424

36.9
0.902
4802
1.478

42.8
0.922
4810
1.695

42.9
0.935
4815
1.584

36.2
0.958
4816
1.656

34.7
0.847
4814
1.444

204
0.846
4812
1.524

33.6
0.943
4814
1.867

71.6
1.03
4819
1.572

36.6
1.143
4815
1.625

36.3
1.25
4817

180.7
6.549

2808
13.31

149.7
5.792

2771
11.91

149.4
5.317
2769
10.882

149.4
4.981
2777
10.318

147.8

477
2780
10.23

150
4.74
2774
10.628

149.8
4.628

2777
10.48

150.7
4.633
2767
10.533

151.8
4.631

2768
10.39

151.1
4.818
2779
10.396

150.2
4.988
2788
10.238

150.7
5.357
2794

1910
111.26
3655
147.12

1996
103.77
3615
142.61

1998
102.3
3612
140.73

1995
100.16
3613
142.6

1998
99.91
3603
143.43

1995
98.08
3604
146.55

1995
94.74
3620
144.15

1998
88.93
3615
117.62

1723
88.18
3616
108.08

1383
91.68
3614
109.34

1497
94.16
3615
115.85

1637
92.83
3616




Total

Time

BREBSSI30RaRIdeeNoamwn a0

Std.

Deviation

Maximum
20 Mean

N

Std.

Deviation

Maximum
21 Mean

N

Std.

Deviation

Maximum
22 Mean

N

Std.

Deviation

Maximum
23 Mean

N

Std.

Deviation

Maximum

Mean

N

Std.

Deviation

Maximum

15.9348

126
16.6046
4434
16.634

195
16.7702
4457
16.6036

170
15.8462
4442
15.5774

117
14.9271
4419
14.6803

103
12.4456
107018
12.7886

195

6.41

130
3.26
4355
6.71

183
3.14
4350
6.62

241
3.01
4353
5.74

126
2.81
4344
5.31

96

3.58
105254
7.16

353

20.45

372
29.63
4991
19.1

247
27.5
4997
18.77

292
26.5
5003
20.2

512
25.52
4995
19.76

512
34.04
120388
22.64

512

1.722

37
1.363
4813
1.874

37.5
1.397
4820
1.996

37.2
1.323
4819
1.967

37
1.236
4817
1.795

21.9
1.026
116106
1.631

71.6

10.709

151
5.732
2798
11.057

151
6.243
2804
11.439

149.9
6.998
2803
13.221

155.3
7.951
2805
14.938

150.8
6.702
67194
14.138

187

1997-1993 (a5 bl gl Cown clishall a8 5 Jau gia

NO2
13.9773
12.9704
11.1169
9.5947
8.7749
10.1309
13.6561
14.1622
12.2616
11.5935
11.4542
10.7622
10.2253
10.0506
9.0465
9.2446
11.1555
13.2484
15.0256
16.028
16.6046
16.7702
15.8462
14.9271

S02
274
3.5
2.76
2.61
2.53
2.76
3.1
3.39
3.6
3.96
4.36
4.43
4.43
4.47
4.39
4.46
4.68
4.25
3.8
3.48
3.26
3.14
3.01
2.81

o3
25.04
24.46
24.98
25.75
25.58
24.23
23.18
26.96
32.86
37.78
42.47
46.96
48.98
49.43
49.64
48.12

44.6
40.03
35.73
32.46
29.63

27.5

26.5
2552

co
1.116
1.236
0.892
0.784
0.724
0.793
1.037
1.181
0.889
0.877
0.902
0.922
0.935
0.958
0.847
0.846
0.943

1.03
1.143

1.25
1.363
1.397
1.323
1.236

TH
8.55
9.149
9.474
9.559
9.452
9.463
8.807
7.901
6.549
5.792
5.317
4.981
477
4.74
4.628
4.633
4.631
4.818
4.988
5.357
5.732
6.243
6.998
7.951

PM10
95.27
96.32
98.17
95.34
94.49
97.12
116.4
126.12
111.26
103.77
102.3
100.16
99.91
98.08
94.74
88.93
88.18
91.68
94.16
92.83
92.53
94.62
94.94
95.03

119.75

1677
92.53
3617
129.88

1956
94.62
3623
139.85

1838
94.94
3614
142.32

1787
95.03
3607
148.96

1997
98.46
87271
144.42

1998




—1993 (e 58l DA Al s (Gl B ol ggl Clishe 58 5 da gia Jalad zilii (3)a8 gale
SPSS gzl aladinl; 1997

Report
Year Nitrogen Sulfur Ozone Carbon Total PM10
Dioxide Dioxide Monoxide Hydrocar
bons
93 Mean 13.5718 4.27 33.31 1.223 9.812 82.64
N 11749 11886 13544 13538 10598 10142
Std. 12.3857 7.01 20.99 1.999 24.099 79.19
Deviation
Maximum 183 240 396 34.7 187 1787
94 Mean 12.6561 4.51 33.22 0.795 11.168 140.09
N 31119 29862 32976 33041 19105 25212
Std. 11.9119 9.19 18.55 1.033 16.744 206.88
Deviation
Maximum 98 353 374 19.9 162.6 1998
95 Mean 8.0579 214 31.69 0.88 3.195 72.81
N 26671 26929 30238 30185 15424 22461
Std. 8.9052 5.81 23.33 1.523 6.491 87.87
Deviation
Maximum 195 117 377 42.9 100.3 1860
96 Mean 11.5989 3.01 37.4 1.24 3.375 87.42
N 22480 22748 26496 24737 17417 19277
Std. 12.4861 4.98 24.82 2111 3.409 109.78
Deviation
Maximum 130 108 512 71.6 73.6 1998
97 Mean 20.1976 4.72 35.15 1.303 5.354 88.66
N 14999 13829 17134 14605 4650 10179
Std. 16.7703 7.11 2547 1.522 6.451 142.79
Deviation
Maximum 143 129 512 375 98.1 1998
Total Mean 12.4456 3.58 34.04 1.026 6.702 98.46
N 107018 105254 120388 116106 67194 87271
Std. 12.7886 7.16 22.64 1.631 14.138 144.42
Deviation
Maximum 195 353 512 71.6 187 1998
1997-1993 e 5 il (DA £ s cllisla 3u8 55 Jau gia
year Nitrogen Dioxide Sulfur Dioxide Ozone Carbon Total PM10
Monoxide Hydrocarbons
a3 13.5718 4.27 33.31 1.223 9.812 82.64
94 12.6561 4.51 33.22 0.795 11.168 140.09
95 8.0579 2.14 31.69 0.88 3.195 72.81
96 11.5989 3.01 374 1.24 3.375 87.42
97 20.1976 472 35.15 1.303 5.354 88.66

94




AM. daluall 55,1 5 38 SATURN 5lslacal) gali il jdea il (4) a3 (3als
SUMMARY STATISTICS FOR CHANNEL 1 -

94AMPK-F.UFS
SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES

E.G., PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED; THESE ARE GIVEN BELOW.

TRANSIENT QUEUES 2713.7 PCU. HRS./HR.

OVER-CAPACITY QUEUES 1321.6 PCU. HRS./HR.
LINK CRUISE TIME = 5230.2 PCU. HRS./HR.

TOTAL TRAVEL TIME 9265.5 PCU. HRS./HR.

TRAVEL DISTANCE 348318.8 PCU. KMS./HR.

OVERALL AVERAGE SPEED 37.6 KPH

Base Year - With adjusted AM Peak Matrix
PAGE 3

FUEL CONSUMPTION SATISTICS
Khkkhdkhhhhhhhhhhdhdhhdhhhhnkk

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION
TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

FUEL CONSUMPTION IN LITRES PER HOUR

TOTAL TRAVEL DISTANCE PER HOUR
0.07 LITRES/KM.

TOTAL DELAYED TIME (IDLING) PER HOUR
1.20 LITRES/HR.

NUMBER OF PRIMARY STOPS AT INTERSECTIONS
0.016 LITRES PER PRIMARY STOP

NUMBER OF SECOND STOPS AT INTERSECTIONS
0.005 LITRES PER SECOND STOP

WHERE TFC
TTD

FLPK

DT

FLPH

sl

FLPPS

s2

FLPSS

"

1l

TOTAL NUMBER OF PRIMARY STOPS/HOUR 264322.6
TOTAL NUMBER OF SECOND STOPS/HOUR 188770.8
TOTAL NUMBER OF STOPS/HOUR = 453093.4

il

34397.7 LITRES/HOUR
34397.7 LITRES

RATE OF FUEL CONSUMPTION
FUEL CONSUMED DURING TIME PERIOD

Pollutants (in kg) emitted within this time period:
cO coz2 NOX HC PB PM10
3235.64 36027.78 673.20 577.74 3.10 0.00

O
wn




P . Mauluwal) 55,3 5 54 SATURN  slaal) alin Gl i il (5) a8 gale

11994 alal

SUMMARY STATISTICS FOR CHANNEL 1 -
94pmpk.UFS

SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES
E.G., PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED; THESE ARE GIVEN BELOW.

1960.9 PCU. HRS./HR.

TRANSIENT QUEUES

OVER-CAPACITY QUEUES 925.4 PCU. HRS./HR.
(ON LINKS 925.4
ON CENTROIDS = 0.0 )

LINK CRUISE TIME 4869.9 PCU. HRS./HR.
(FREE FLOW = 4869.9
DELAYS = 0.0 )

TOTAL TRAVEL TIME 7756.2 PCU. HRS./HR.

TRAVEL DISTANCE 312930.6 PCU. KMS./HR.

1]

OVERALL AVERAGE SPEED 40.3 KPH

FUEL CONSUMPTION SATISTICS
Akhdkhhhkhhhhhhhhhhhkhhdkk*

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION
TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

FUEL CONSUMPTION IN LITRES PER HOUR

TOTAL TRAVEL DISTANCE PER HOUR
0.07 LITRES/KM.

TOTAL DELAYED TIME (IDLING) PER HOUR
1.20 LITRES/HR.

NUMBER OF PRIMARY STOPS AT INTERSECTIONS
0.016 LITRES PER PRIMARY STOP

NUMBER OF SECOND STOPS AT INTERSECTIONS
0.005 LITRES PER SECOND STOP

WHERE TFC
TTD

FLPK

TDT

FLPH

S1

FLPPS

S2

FLPSS

TOTAL NUMBER OF PRIMARY STOPS/HOUR 206982.9
TOTAL NUMBER OF SECOND STOPS/HOUR = 76875.
TOTAL NUMBER OF STOPS/HOUR 283858.7

w

29064.8 LITRES/HOUR
29064.8 LITRES

RATE OF FUEL CONSUMPTION
FUEL CONSUMED DURING TIME PERIOD

Pollutants (in kg) emitted within this time period:
co Co2 NOX HC PB PM10
3277.74 57865.43 793.28 551.84 2.67 66.26

96




AM. dalual) 54,4 5 28 SATURN 5lslaall gl il i gl (6) ad ) (3ala

SUMMARY STATISTICS FOR CHANNEL

97AMPK21.UFS

1 -

SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES

E.G., PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED;

TRANSIENT QUEUES
OVER-CAPACITY QUEUES
LINK CRUISE TIME
TOTAL TRAVEL TIME
TRAVEL DISTANCE

OVERALL AVERAGE SPEED

1

]

2561.5 PCU. HRS./HR.
3035.0 PCU. HRS./HR.
5703.7 PCU. HRS./HR.
11300.3 PCU. HRS./HR.
360378.8 PCU. KMS./HR.

31.9 KPH

THESE ARE GIVEN BELOW.

. 1997 eu

BAHRAIN 1997 AM NETWORK validation process using (97pmpkav.ufm

PAGE 3

FUEL CONSUMPTION SATISTICS
khkkhkhkhhkhkhhhhhhhdhhhhhrhhhkhs

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION

TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

WHERE TFC = FUEL CONSUMPTION IN LITRES PER HOUR

TTD = TOTAL TRAVEL DISTANCE PER HOUR

FLPK = 0.07 LITRES/KM.
TDT = TOTAL DELAYED TIME (IDLING) PER HOUR
FLPH = 1.20 LITRES/HR.
S1 = NUMBER OF PRIMARY STOPS AT INTERSECTIONS
FLPPS = 0.016 LITRES PER PRIMARY STOP

S2 = NUMBER OF SECOND STOPS AT INTERSECTIONS

FLPSS

TOTAL NUMBER OF PRIMARY STOPS/HOUR
TOTAL NUMBER OF SECOND STOPS/HOUR

TOTAL NUMBER OF STOPS/HOUR

RATE OF FUEL CONSUMPTION
FUEL CONSUMED DURING TIME PERIOD =

Pollutants
Cco
3760.45

(in kg) emitted within this time period:

Cco2
39420.50

n

NOX
734.83

97

0.005 LITRES PER SECOND STCP

289322
179971.
469293.

37471.
37471.

HC
668.61

.2

6
8

4 LITRES/HOUR

4 LITRES

PB
3.49

PM10

0.00




P.M Aibual) 59,30 5 380 SATURN Slslaall gl il da &L (7) a8 Gaala
SUMMARY STATISTICS FOR CHANNEL 1 -

97PMPK25.UFS
SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES
E.G., PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED; THESE ARE GIVEN BELOW.

TRANSIENT QUEUES 2038.6 PCU. HRS./HR.

OVER-CAPACITY QUEUES 1246.3 PCU. HRS./HR.

LINK CRUISE TIME 5186.6 PCU. HRS./HR.

TOTAL TRAVEL TIME 8471.6 PCU. HRS./HR.

TRAVEL DISTANCE 332589.6 PCU. KMS./HR.

OVERALL AVERAGE SPEED = 39.3 KPH
1

BAHRAIN 1997 PM NETWORK Validation Process Using (97pmpkav.ufm
PAGE 3

FUEL CONSUMPTION SATISTICS
Ak khkkdhkhhhhrhhhhdhhdhdkhxk

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION
TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

WHERE TFC FUEL CONSUMPTION IN LITRES PER HOUR

TTD = TOTAL TRAVEL DISTANCE PER HOUR
FLPK = 0.07 LITRES/KM.
TDT = TOTAL DELAYED TIME (IDLING) PER HOUR

FLPH = 1.20 LITRES/HR.
s1 NUMBER OF PRIMARY STOPS AT INTERSECTIONS
FLPPS 0.016 LITRES PER PRIMARY STOP
S2 = NUMBER OF SECOND STOPS AT INTERSECTIONS

FLPSS = 0.005 LITRES PER SECOND STOP
TOTAL NUMBER OF PRIMARY STOPS/HOUR = 233931.5
TOTAL NUMBER OF SECOND STOPS/HOUR = 105017.0
TOTAL NUMBER OF STOPS/HOUR = 338948.5

31491.2 LITRES/HOUR
31491.2 LITRES

RATE OF FUEL CONSUMPTION
FUEL CONSUMED DURING TIME PERIOD

Pollutants (in kg) emitted within this time period:
Cco co2 NOX HC . PB PM10
2997.75 33222.01 647.73 536.88 2.91 0.00

98




AM dalual) 55,40 5 5 SATURN  5lskaall gl iy jdea il (8) a2 3ala
: 2005 al

SUMMARY STATISTICS FOR CHANNEL 1 -

nl05am5y.UFS

SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES
E.G., PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED; THESE ARE GIVEN BELOW.

TRANSIENT QUEUES 3680.0 PCU. HRS./HR.

OVER-CAPACITY QUEUES 5697.0 PCU. HRS./HR.

(ON LINKS = 5691.2
ON CENTROIDS = 5.8 )
LINK CRUISE TIME = 9732.4 PCU. HRS./HR.
(FREE FLOW = 9732.0
DELAYS = 0.4 )

TOTAL TRAVEL TIME 19109.3 PCU. HRS./HR.

TRAVEL DISTANCE 619038.5 PCU. KMS./HR.

OVERALL AVERAGE SPEED = 32.4 KPH
1

2011 AM Peak National loop phase 5 - option 5Y.
PAGE 3

FUEL CONSUMPTION SATISTICS
hhkhkhhkhhhhhdhhhhkhkhkrkkkhkk

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION

TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

WHERE TFC FUEL CONSUMPTION IN LITRES PER HOUR

TTD = TOTAL TRAVEL DISTANCE PER HOUR
FLPK = 0.07 LITRES/KM.
TDT = TOTAL DELAYED TIME (IDLING) PER HOUR
FLPH = 1.20 LITRES/HR.
S1 = NUMBER OF PRIMARY STOPS AT INTERSECTIONS
FLPPS = 0.016 LITRES PER PRIMARY STOP
S2 = NUMBER OF SECOND STOPS AT INTERSECTIONS
FLPSS = 0.005 LITRES PER SECOND STOP
TOTAL NUMBER OF PRIMARY STOPS/HOUR = 443186.0
TOTAL NUMBER OF SECOND STOPS/HOUR = 362097.1
TOTAL NUMBER OF STOPS/HOUR = 8§05283.1

99




RATE OF FUEL CONSUMPTION 63486 .5 LITRES/HOUR
FUEL CONSUMED DURING TIME PERIOD = 63486 .5 LITRES

Pollutants (in kg) emitted within this time period:
(0] co2 NOX HC PB PM10
7133.32 116987.71 1555.13 1206.73 5.79 116.69

P.M. 4ulual) 55,30 5 58 SATURN 5lslaal Talis il A milii (9) 8, 3ala
: 2005 a2l Peak

SUMMARY STATISTICS FOR CHANNEL 1 -
nloSpm5y.UFS

SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES E.G.,
PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME DURING THE TIME
PERIOD SIMULATED; THESE ARE GIVEN BELOW.

TRANSIENT QUEUES = 3495.9 PCU. HRS./HR.
OVER-CAPACITY QUEUES = 8924.3 PCU. HRS./HR.
(ON LINKS = 8616.7
ON CENTROIDS = 307.6 )
LINK CRUISE TIME = 9254.2 PCU. HRS./HR.
(FREE FLOW = 9253.8
DELAYS = 0.4 )

TOTAL TRAVEL TIME 21674.4 PCU. HRS./HR.

TRAVEL DISTANCE 587712.4 PCU. KMS./HR.

OVERALL AVERAGE SPEED 27.1 KPH

FUEL CONSUMPTION SATISTICS
kkkdkkhkhkhkhkhhhhhhkkhkkhkhdhhkkx*

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION
TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

WHERE TFC FUEL CONSUMPTION IN LITRES PER HOUR

TTD = TOTAL TRAVEL DISTANCE PER HOUR
FLPK = 0.07 LITRES/KM.
TDT = TOTAL DELAYED TIME (IDLING) PER HOUR
FLPH = 1.20 LITRES/HR.
S1 = NUMBER OF PRIMARY STOPS AT INTERSECTIONS
FLPPS = 0.016 LITRES PER PRIMARY STOP
S2 = NUMBER OF SECOND STOPS AT INTERSECTIONS
FLPSS = 0.005 LITRES PER SECOND STOP
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TOTAL NUMBER OF PRIMARY STOPS/HOUR = 427854.4
TOTAL NUMBER OF SECOND STOPS/HOUR = 396739.8
TOTAL NUMBER OF STOPS/HOUR = 824594.2

RATE OF FUEL CONSUMPTION 64873.5 LITRES/HOUR
FUEL CONSUMED DURING TIME PERIOD = 64873.5 LITRES

Pollutants (in kg) emitted within this time period:
co coz2 NOX HC PB PM10
7520.16 116850.05 1501.70 1270.15 5.88 114.10

AM. daluall 55,1 5 58 SATURN 3lad Tl s i il (10) @BJ dals
: 2011 plad Peak

SUMMARY STATISTICS FOR CHANNEL 1 -
nlllam5y.UFS

SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES
E.G., PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED; THESE ARE GIVEN BELOW.

TRANSIENT QUEUES 4355.6 PCU. HRS./HR.

OVER-CAPACITY QUEUES 22068.0 PCU. HRS./HR.

(ON LINKS = 21937.5
ON CENTROIDS = 130.5 )
LINK CRUISE TIME = 11128.2 PCU. HRS./HR.
(FREE FLOW = 11128.1
DELAYS = 0.2 )

TOTAL TRAVEL TIME 37551.8 PCU. HRS./HR.

TRAVEL DISTANCE 701918.6 PCU. KMS./HR.

OVERALL AVERAGE SPEED 18.7 KPH

1

2011 AM Peak National loop phase 5 - option 5Y. PAGE

FUEL CONSUMPTION SATISTICS

dhkhkhkhhkhhkhhkhhhkhhhkhkhhkdkhx
FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION
TFC = FLPK*TTD + FLPH*TDT + FLPPS*S1 + FLPSS*S2

FUEL CONSUMPTION IN LITRES PER HOUR
TOTAL TRAVEL DISTANCE PER HOUR

WHERE TFC
TTD
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FLPK = 0.07 LITRES/KM.
TDT = TOTAL DELAYED TIME (IDLING) PER HOUR
FLPH = 1.20 LITRES/HR.
81 = NUMBER OF PRIMARY STOPS AT INTERSECTIONS
FLPPS = 0.016 LITRES PER PRIMARY STOP
S2 = NUMBER OF SECOND STOPS AT INTERSECTIONS
FLPSS = 0.005 LITRES PER SECOND STOP
TOTAL NUMBER OF PRIMARY STOPS/HOUR = 601485.6
TOTAL NUMBER OF SECOND STOPS/HOUR = 661939.7
TOTAL NUMBER OF STOPS/HOUR = 1263425.3

93776.1 LITRES/HOUR
93776.1 LITRES

RATE OF FUEL CONSUMPTION
FUEL CONSUMED DURING TIME PERIOD

Pollutants (in kg) emitted within this time period:
co Cco2 NOX HC PB PM10 °
12407.66 217361.78 1938.69 1967.81 8.43 209.99

P.M. ailewal) 55,4 5 58 SATURN slslaal) gl il A il (11) a8 (gale
: 2011 alad Peak

SUMMARY STATISTICS FOR CHANNEL 1 -
nlllpm5y.UFS

SATURN SIMULATION SUMMARY RESULTS

NOTE THAT THE FOLLOWING STATISTICS ARE GIVEN AS RATES E.G.,
PCU.HRS/HR AS OPPOSED TO THE PCU.HRS OF TRAVEL TIME
DURING THE TIME PERIOD SIMULATED; THESE ARE GIVEN BELOW.

TRANSIENT QUEUES = 3886.5 PCU. HRS./HR.

20822.8 PCU. HRS./HR.

OVER-CAPACITY QUEUES

(ON LINKS = 19958.0
ON CENTROIDS = 864.8 )
LINK CRUISE TIME = 10759.3 PCU. HRS./HR.
(FREE FLOW = 10758.6
DELAYS = 0.7 )

TOTAL TRAVEL TIME 35468.5 PCU. HRS./HR.

TRAVEL DISTANCE 677483.0 PCU. KMS./HR.

OVERALL AVERAGE SPEED = 19.1 KPH
1

2011 PM Peak National loop phase 5 - option 5Y.
PAGE 3




FUEL CONSUMPTION SATISTICS
hhhkkhkkhkhhhhhhdhhhhdhhhhhhkk

FUEL CONSUMPTION IS ESTIMATED USING THE FOLLOWING EQUATION
TFC = FLPK*TTD + FLPH*TDT + FLPPS*Sl1 + FLPSS*S2

WHERE TFC FUEL CONSUMPTION IN LITRES PER HOUR

TTD = TOTAL TRAVEL DISTANCE PER HOUR
FLPK = 0.07 LITRES/KM.
TDT = TOTAL DELAYED TIME (IDLING) PER HOUR
FLPH = 1.20 LITRES/HR.
S1 = NUMBER OF PRIMARY STOPS AT INTERSECTIONS
FLPPS = 0.016 LITRES PER PRIMARY STOP
S2 = NUMBER OF SECOND STOPS AT INTERSECTIONS
FLPSS = 0.005 LITRES PER SECOND STOP
TOTAL NUMBER OF PRIMARY STOPS/HOUR = 517270.7
TOTAL NUMBER OF SECOND STOPS/HOUR = 530731.4
TOTAL NUMBER OF STOPS/HOUR = 1048002.1

RATE OF FUEL CONSUMPTION 88004.9 LITRES/HOUR
FUEL CONSUMED DURING TIME PERIOD = 88004.9 LITRES

Pollutants (in kg) emitted within this time period:
Cco co2 NOX HC PB PM10
11330.88 193526.36 1841.98 1817.42 7.80 189.90




Abstract

Bahrain has a large degree of motorization (307 cars per thousand people in
2000) that ranks with the most wealthy and industrialized nations.
Affordable cars, relatively high per capita income and inexpensive fuel
have enhanced automobile ownership and heightened the sense of mobility.
However for a small nation ofjust 710 square kilometers, the increasing
number of cars on the roads (259 car/km), must be monitored seriously for
the increasing potential of environmental, health and socio-economic
damage. Moreover as the roads become congested with more motor
vehicles the hypermobility achieved in the past may dwindle to a mere
crawl.

This study aims at discussing and analyzing the trends of motorization and
air pollutants related to the use of vehicles in Bahrain, and evaluating the
hidden costs related to motorization.

Based on the stated objectives for the study, different data, statistics, and
survey outputs have been used, in addition to the use of modules and
computer softwares, such as SATURN module, which is used to estimate
the congestion cost (i.e., cost of time and fuel consumed) and SPSS
software, used for air pollution trend analysis.

The present work has revealed many findings; the most important among
these being, a rapid increase inthe growth of vehicles due to contributor
factors which  threatens the transportation and other related sectors.
Another finding shows that, the annual concentration mean for most air
pollutants (1993-1997) is within Bahrain air quality standards, except Non-
Methane Hydrocarbons (NMHC) which shows increased levels in annual
mean, and number of exceeding hours. Also the analysis of air pollutants
concentration by time shows high level start synchronously with morning
rush hour.

The results also illustrate that, the number and cost of delays due to
congestions, and the cost of fuel consumed, peaked at approximately 6
million Bahraini Dinnars, and it is expected to increase during the next
decade to about 31 million Bahraini Dinnars. In addition, the results shows
increase in the societal cost due to health impacts and accidents, reached
about 2.8 million Bahraini Dinnars.

The study also estimated the subsidy that drivers and road users have
gained from infrastructure cost in 2000, is approximately 20% from the




11

total cost, while the cost of free parking use contributed by about 63% from
the total hidden cost for motorization, which is estimated to be 36.3 million
Bahraini Dinnars (1.22% from GDP in 2000). In the light of these results,
the study suggested a number of policies for the transportation sector,
which can be adopted by decision makers, in order to tackle the main issues
related to vehicle use.

Finally, the study was conclude by a number of recommendations. The
mains among these; charging the road users the opportunity cost for
converting lands to highways, and parking lots. Also charging drivers the
cost of construction, operating, and maintenance of highways and roads,
and traffic control. In addition to improvement the efficiency of collecting
parking fees, imposing a tax or fee takes in to consideration the
environmental impacts of vehicle use (external cost), connecting insurance
premiums by the number of kilometer traveled, and increasing the
efficiency of public transportation. Also setting an action mechanism for
traffic management, city planning, and land use plans in a way that
decrease the negative impacts of motorization. Finally the study
recommend that epimidological and observation studies should be
conducted to interpreting the impacts of air pollutants in human health.
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