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ABSTRACT

Considerahle concentrations of vehicular emissions at signalized interscotions and strects, in urban
arca are health-relaed issoes of voncem 1o sociely 1o geoeml. This paper presents an examination
for the effect of vchicle driver behavieur on vehicular exeess OO emissions, The examipulion
process based on site observations.

Four stgnalized inlerseciions io Erbil Cily which, ssusly the obeclives and specilicaiions of thes
stpdy selected, and the necessary teaffic behavicur sod vekicle exbawst emission data collested. The
trallic data. were collecicd wang videe recordmg technigue and the Analytical Mebile Gaseous
Farizsions CART PRIGE machime wsed to measare vehucle exhisl erpission data,

The required tratfic dets abstracied om vides play back using EVENT computer program. which
provide coded digital representation for the requisite teaffic activities. The absoacted data siered an
floppy disks in the form of digital computer files. These [es processed wsinp computer programes
developed for this porpose to abstract the pecessary nfrmation Tnm 1he orw datg,

Among the oblained trathie information are vehacle data classified according to the type of fuel used
intn two classes. The fest class is pasoline powered velicles which consisted of taxis and private
cars covering dilfcrent model vear. engine condition and size, gpe of fuel injection system, awrnher
of cylinders. These data observed under different ambien! air wmperatures. The second class 1s the
diesel-posvered vehicles, which consists maimly of ruek lype vehicles,

Fullowing e procuessing stage. {he obtxined duta presented and analyvzed statistically to evaluate
the relationship between drover behaviowr and vehicle excess of CO emission, Among, (e driver
hehaviours studied 5 queuing driver behaviour, which showiel reasonobly good rclationship with
{hi excess OO cmssions.

The results of this study are uscful for the Local Authoritées, traffic engioeers and fransporlslion
planners. This is hecause, the obtained results assist i lhe adeplion of suitable method of
miersection conleol [or the purpose of reduction of £0 cmissions and hence, medyce leve] of this
type of air pollution.
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INTROTHUCTEON

Alr pedlutiomn is a new st of air pellutants which resule from meobile, tndustrial, and domestic wses in
urbian socielwour usc of epergy) (Al-Jams (19971, The usc of vehicles as tede of iransportation
infreduced o preat service for the humanily, It played a major rale in the develepment of the
economical; politicul, and social aspects of the human [ife, However, the incresse o the use of
vehivle aulomobile resubted in problemns Lo (he humanity. ‘Uhe vebicular cmissions are one of {he
major dangers facing the humen being life, especially in comeested wrban areas.

T provide an nsight into the increase in dependency on velicle use. consider the statistics
reparding lhe growth in vehicle number over the years. Table (L), provides statistics for the number
of repistered vehicles over the period 1980-1993 in some of the warld countrics. The data ray
suggest at Iragq has ene of highest oumber of vehicles in comparison with the other countlbes
appeared in the Lable (1) The implicadion for this growth is inercase Tt fuel consumplion. This is
indicaped by examinulien of the data presenied in Table (23 which shows compurison botween fus|
conautied tn iransportation for the year 1989, The presented data indicates thas fraq ranked as the
Ibard conniry 1o fuel consumpticon for transportalion purposes.
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Table {1}, The prowth in nmnber af vehicles (*1 (HIDY 0 some of the ES0CWA pountries
(AL-Anatie 997

Yeaar

Labke (2}, Some ESCWA countrics ranked aeourding to the fusl cogsomed in transporlulion @ the
end ol the voar 1982 {Al-Ananic 1997)

_ Coumiry _Fmed copsumed Toe'i )
[Aimor : LR5.0)
UAE 1 1538
Irmg 4.5
| Jkary 1422 .
Liasabumrg 152.2
Sordem ) 1172
LisA 425
TH 7
EEC A%
Besl ol the wacld 619

At present luct consumplion s one of the serious problems Taeing traffic and covironrental
enginecty, and eansparlation plannees from the standpoind of the amoust of air poidlutants, which
tesull from dhe opemtions of talTic movements. This is becawse of the apreed world wide
regquiremen: that certain standards for (4} and other exluwst pases cogeenimtions be el
(Mateares (1988)) to minimize the hacnii] effect of these chemicals on haman life,

The most mportant pollutant pases present in the aic of the world s cilies, namely, selfur dioxide
(50;), nitrogen oxides (NCY or NOL) carbon monoxide (U, and von-methare hpdrocarbons
(NMIICY). Natural squeees (exception of voleanees) emissions dv ot flucteate [om YCAT $0 W,
an's inade emnissions, are sicadily increasing us populativn and industoy expand (Al-Tamr (1997}
cor OO Lhe figures are 1970- 700, T979- 20%, Thus vehicle UL ermissions have heen LECTCRF Y, &5
2 prupertion of wisl crmissiens, and they have alws been increasing in absolute erm's., Tpival
paseous oxhaust emivsion contents are [listed in Txble £3), for gasoline and dieswe] enpines. Eabaas
CO gmission arises as a result of invomplere combustion. [ s difficult e achieye coimplels
oxidation in practice 3o, instead of the products been sim Ply waler and (k. there ane other products
(Case [DE2Y

Table {3), Typical exlmost cmissions lor pasoline and dicse] enpines {Sarmnara {1907

Emissions Casuling cli-gimj:rf vl ﬁiun:_lﬂgiutﬁ Yaval |
0 4 il
: HC Go3-tund | s doeR
L, ' 8.8 - 1006 Q1% aga
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Of all vehicle types, pewrol-ngioe curs allmeted morc attention i celotion e emission siedics and
contrel. The reason is, car mmibers more numengus and pollulant than diesel-engine vehicles. o
addition car used for personal mobility casicsl t contral in eomparison with the wiher ypes of he
exisling lolal vehicle fleet sector. This arpamenl suggest thet waffic cngineers has roorm fur
mancuver and should noe base their evauation only on measures such as tratfic accident reduction
ard vehicle, congeslion, delay, number of siops, and speed. The enviroomenlal impaet issue resuli
Iy vehacle movement showld also addressed and considered a5 3 measwre of effectivensss of
particular importance whea design andfor fmpoove urban and nwal traffic netwerk operations,

To conchude the above arpurnent, the presented data and discussion sugpest that, there is necd for
vontrol and regulations to restrain the inereusing domand for car ownership and fuel consemplion
Tor the purpuse of [mosportation,

LITERATURE REVIEW

The Havmful Llfeet of Trunsport Generated Co Follutant

Man inhales about 7300 Hiers ol wir cach day, so lunps and cespirutony sysiem is in direct contact
wilh whatever harmlul substances present 1o the ae. {onlinugus cxposure 12 low levels could basve
biarmdul phoysiological effects on buman heings, whereas short exposure to hiph levels of OO can be
tethal (Singh e ul{15900. A¢ sufficiently high concentrations CO can be fatal to hwmans. 1t
ugpTavales cardiovasenlar diseases and may impair psychomotor functions: (e.g. naclion time, depth
perception, sod peripherat vision).

The adverse health effecks ol OO ane cavsed by its ability w rsduced the quantity of exsypen (07)
that iz delivered Lo the tissues by the blood and possibly 10 iohibil the utilization of €J; withia the
tissues. 00 cembines with the hemeglobin of the blood 1o form carboxy-hemoglobin, |herehby
displacing On from the hermoglebin molecule und reducing the blood s ability W carry O It alsa
inhibits O that is bound to heraoglobin [rom buing released o the tissoes (Matzoros [195%)).

In addrion 1w that, {0 is ene pollutant which praduces o change in buman physioloey that can be
direcily related o concentrations which the subject was exposed; blowl carboxy-hemogiobin
(COHb) can be predicied (rom atmospheric €0 concentrution. CO primarily affects the
cardicvasculur and central nervous system. Novan couse or contrbute 0 severe cardiovascular
damage or sadden death to individuals with arlerioselerotic diseases. s potentisl offects an e
cendtal nervous system include chanpes in vigilance, sensory function and psychomelor lunction.
The main significance of those nervous system eflects is that they oecur 2l or near carboxy-
hestigglobin concentrations that can be expedenced by drivers i heavy LT, Henec, there is a
pussibility hat it impairs driving ahility agd, therchy, conteibules to the occurrence ol 1milic
accidents. Fhe climicad siodics conducted, however, bavie Toeand contradictocy resolts, so that the
_extent to which COF exposwre may impair driving abilitics is still not clear (Maizotos (1988}

Dreuth oceurs in humans exposed Lo conuenttaiions aroand 1000 ppm corresponding o blood levels
of 60% b, irapaired blood function may oveur af moch lower tevels botween 10 1o 20%.
Reasunable comelation botween daily emoradity levels and 0, in uddition heart fonetion hus been
shiwn to be aitered by elevated COHb, breanse 00 blacks the Lrnsport of € in the bload streat.

'Eﬂn:lpllriamn pf CO Sources
It i3 estimated thal metor vchicles contdbule approxinmately 55% of the total antheorspemnic

emissions in U8 ¢ities, Even in cities like Dethi, vehicular trafTic is .':rlgmi_LHIﬂ seures of OO, The
urban arca of Delin has a hiph pellution potential doring winter cspectally during Naveniber to
January. In the UK. the transporl in general aceaunts Tor over J0% ol Lotul €0 emiszions and over
0% of CLl. and roadd iranspen accounts for 99%% af C0 (Singh er. al {19947
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Sigmal Control Intersections wed the incrense in Vehicular £0 Emissions
The use of mallic siroals a1 road mtersections cootrols vehicle movements by allocating dime
intervals during which separate terflic demands make ose of the avallable road spsec. Sipnad
equaprienl mod conlrol leehnigques have cvolved to cope with wide range of intersection layouts and
vomplex rathic demands- including pedestrians conssing.
Onc characternstic of the tansport pollutant emissiorns ol major mletest W raffic munagers, s \he
fact 1hwt they ure very much imflucneed by the operating mode of the engine. this, in simple terms,
means thal a vehicle emits differene quantities o pollulanis per umil ime or dislanee, when i
serelerules, decclertes, idies or couses at a steady specd. Matzoros (P8R} mentinned it is widely
teported in the fiteratore thad intesrupred 1railie [ow produces more polfulivn than ey moving
trallie low, Ths ts the case of taflic flow at junctions in pencral and sipnalized interscetions in
particular.
ih a namber of papers, Patterson and Meyer {1975} hays javestigated the use of milic gquoning
models ot sippabized niersoelims 1w oan allempt t cstimate \he nor-constant cinission profiles
causcd by stop-and-go traffic at the stop line. Althowsh schject to the Tzpitations described below,
"atterson’s work mdicates that the guewing process is a coplows sonce of CO wear the stop line.
Thas, most OO will be emitzed ncar the stop tine while automahiles are stopped For @ med light. The
result is that the emissions profile will he sharply peaked xt the slop line and {4l off rapidly 1oward
mael-blek, leading, wander most wind conditions, to a similar ron-woilvnmily o polisiion jevels
berween stop line and mid-hlock.
There ars, however, some limilalions in Palerson's approach. The guening model considered
agswng cither constant or uniformly distributed aerivals we 2ond deparlures Irom the queue, These
assumptons are ofien viclated bn the field Vxamples igelade deht wm on red unprotected left
tums, pedasitian blochages of lefl-ue cghl-orning iraffic. buscs dwelling at near-side bas stop, wnd
pluloons amivals. The inclusion of such cffocis cequires uuch mure comprehensive mode] as
repoited by Mataoros (1988,
Clageelt ol al. (1288), measured CO, trathe and metsurclogy during a siv week period near a
signalized intersection al an urlerial mlersection in Melrose park, Yinois, o suburban of Chicagn.
Airvhient air sumples were goliocted 1 the quene, aceeterulionddecelention and mid-block cruise
zomes. Messured concentrations were hiphest 11 the woae o) trallic guene and lowasst al mid bhock,
The data indicates that OO concentration stuy be bipher al urban intersection than the near freewuys
that have 2.3 times higher traffic voluwmes.
Matzoros {1988 develdped a computer meklel 1o tackle the problem ol iransport air pollution from
wchan networks, I conststs of quening, emission and Jispersion models and takes vehicle-operting
moddea (accolerating, decelerating, and Wling and constant speed) and their vagable cmission rates
bl accounl The medel was applicd under varying conslitions amld i was found that, 06O emissions
andd conceniratien distributions show the highesl spatiul varistion than other pollutans.
Lec (1983), used the TEXAS-II medel in senes of designated experiments to obtain quantitative
catimates of the elfecls of varows waffic and intersection Fclors on emissions, fuel consymplion.
wllie delays and quoue lengths.
The TEXAS-I model was nsed 1o estimate, with respect o 1imy and location, the source ol (O,
BT and MO, emissions as well as the amowt of el consumed by individuadly charcterized
velicles as they pass through an mterscction enviconment which can be deseribed aceuratcly
terms of ils seametric features, traffic conuod and lriTic siream characternistics. e coneluded that:
1- Additional emissions and foel consuwoplion reselt from ioterropted fmathic flow on the
tnferseelion legs and in the interseetion proper, a5 compared wilh uninterrupted flow.
1- hmprovements in mecsecion geomelry and eaftic signal operation geoecslly redues oxcess
emestons and {ucl consumption more on the inbound Intersection lanes than in the intersection
praper o oo the catbound lanes.
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3- For the practicu]l nmgs of evele times and trafiic volumes wed in the experiment, [onper cvele
times cpuse more crussions and fuel consumplion on the inbound lanes bt less in the
mLerseolion proper.

DATA COLLECTION

The selecton of inlerseetions for the purpose of this study is critival. us there are varoeus conditions
fe.g. geometry, iraffic and timing} which Jirecty atfoet the local waffic operation. 1o order 1o fulfil
the ohjectives of the data collection, it was necessary t colleet statistically sufficient and
reproseolalive data, which showld reptesent o range of vehicle flow, sipnal tuning, and intersection
geanmetry and vehicle et ssions,

T achieve the above objeclives, it was neceszary to colleat data shout divers’ behavior during the
vanous aspects of the signal eycle wnul the hours of the day ar different intersection iocations and
eeometnie. Thix is (o allow for the impact of these parameters on driver behavior o be gbserved. It
was also neccseary (0 eoltec! date aboul Lhe lailpipe cmissions of different tvpes of vehicles
(dicsel and powrol and private and taxi} for dillerent transicnt modes (idling, acceleration and
doceleration}. The ohserved] data may be summanized as below:

1- Webngle dala

2-  Sigmaul data

3- Intersection and eoamd luypout data

d- Tatlpipe emissivn datn

Four iolemscettons, which aatisfied the requiternents of this study and representing u range of
locational, vehicle and signal timings on Kurdistan ving road i the cily of Eobil. were sclected.
Traffic at the selecied interscetions was controlled by uncourdinuled fixed time signal plans. At the
abserved interscetions thers was no sipoal conlool on right twm taMie mwovemenl. Table (4)
presents some of the main trafhe and geomenic characteristics of the {our seleeted intersections.

Table (4} The main tratfic and peometric features observed at the sclected sites
Iterm I Ivacripting .
Roadway system  Twir-wuy sl reed
Typc of traffic contral Predlimed contral
Otweryved ruoge vl cycle time = T — B secords

percenlape of buges 0% - 13 percend
percentage of trucks 595 peresat

Condibon of p:w:mcm mArking : Mo markiog
Lnd: pereent

The data colloetton made duriag dhe penoed 7:30 AM to 8230 AM. This is beeause the ohsared
levels of waffic activities doring (e moming peak pericsls produce datn, which s stetistically
medaningfll. In addition to that, the data eollected in sessions of orechuur durtion [or each
mlerseclivon 1o days of good weather conditions during the spring of the vear 1999

The video recorded daty wore as listed below:

- Signal Gming data.

2- Wehaele arrival daea.

3-  Vrehicle departers data.

4-  Incidents that could allect the ohserved jisted as abave duta.

Lane and approach widths were messured mannally uing 1ape mcasurenient at the slop line of each
approach 10 oblain the accurate width. While rhe sipnal phasing was obtained vsing a stopwatch o
reasure Lme duration of the phases ol sike when it was not possible w get these information om
the video moeording.
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[Bata sbsiractions were based on sewsions of 30aninute periods of recorded duta. When the
videotape was repluved for 4 period of data abstraction, the sound sipnal was used as a reference
poinl lor all daea set=. This sound technigue 15 useful and essenlial 1o ensure that az long az there is
need to geplay he recording of one session 1o abstreet all the required data, the abstraction process
start and finish al dhe sane peinly in time. The recorded data were abstmacted using software
develyped i persenal computer.

The data absiraction process i3 madinly achieved with the aid of a computer program opmed EVERT
developed by Al-MNeami (2000}, The program was develnped osing C-language, The acouracy of the
absmacted traffic duly wsing (his program is about b 1o §.01 second.

Using e developed compuier prograngs the ubstracted data from EYENT liles were processed.
These prog: 1ms caleudate the piven below waffic parameters:

1- The fitne headway bohween successive arriving vehicles.

Z- The time headway belwesn suseessive departing vehicles in guene,

3- “The travel time for successive depantng, vehicles in queue.

4- Satwration fiow data were culeulalet by taking the reciprocal of the averape headway.

5- LCalcolames the frequeney distabuion of the video ohserved departure and arrival headswayes

t- The sverage video observed delay of an approach,

7- Thurlien of video observed data sessian,

8- Vehicle armival and deparure flow,

Remark

Il shoulkt be noted that not alt listed as abuve duln used in this paper.

The link speeds daa dur the links between the sumvewed inlerscotions were messioed by
obsctrvations made from a1 moving vehicle during the moming peaks. This is berause this methed s
efficient und practical, and is panticularly suitable when a general evaleulion of traffic conditions on
u nelwork of streets required (MeShaoe and Hocas (198907),

The observers in the test ¢ar made a number of lest nums (at leas: 6) tor each link and they roenrd
their joormey lirecs, count ofposing (rallic, and keep a tally of overlaking and overtaken vehjoles,
From these observations, the meon speeds and nembers of vehicles passing alung o street can be
obtained for all classes of selevied vehicles.

The vehicle cmission data were collecled using ANALYTICAL MOBILE GASEOQUS EMISSION
CART I 8334, The aheerved samples weore 100 diesel engine buses and Liucks, and &30 gasaline
cars  were  Lesled  at ambiont teopurmure between 20 - 23 °C for transient  modcs
{1dlng, sccelerating and deceleraling), Most of the vebicles were at eold st situnlion.

In this research, the inlention was to produce lypical emission values [or the cxisting vebicle tralfic
compasicern in Lrhil City. Theretore, the obowereed vehicles wers mosty of meodels in (he ranee of
1975-1990, with kilometers traveled hetween (H00M and 400000 km at the time period of surveva.
A fzw ulder models with higher milvagy wehicles also included in the survey for the ohserved daty
100 be reprosentative.

PRESENTATHON AND ANALYSINS OF OBSERVED DATA

The abstraual data were analyred slaistically. The stulistical analysis performed using SPHS
statistical package. The waffic parwmelers analyzed are these of deiver buelhaviowr which inatially
afsumed Lo have an effect on anwanl af car exhaust emission.

Dbserved vinissivns ratc data

The idle vehicle emission data obtained by direet measueement of OO and TIC emission from the
vebicle exbuust, Emission data for ewher modes of vehicle operation obained from the conducied
surveys of moving car methed. Achieved results of duly collection of the observed varfous muodes of
vehicle operation presentsl iz Table {5).
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The idle wehicle cmissions data, wsed in ibe unalvsis of the effect ol drver perceplion-reaction
betaviour on air poliuton w the onset of green for vehicles. Emission data for dynamic mwde of
vehicle operation used in the analysis of deiver behaviour during intecgreen periods in relation to air
roflution and in the development uf cmission madels for vehicle gueue and delav. Fxamination of -
the presented dwn indicates that on average. kimemstics and dwmareic modes of operation of
aasoline enyine vehicles have the highest 0O gad HC cmission rates.

Tablc (3), Observed CO and HC ennission data

€0 & HC Emissions {* 107 gleer’y

Opeetuting - -
hicd
ngale . Garoline vehicles Diesel Vebicles
Taxi Cars Trivale Lars Average

€0 | HC [ €0 | uc | co | HC |
3|15 | 387 50| 68 | 1

Cruise

132 kphy _.
Doceleration

7 142 A

(5003 bph = 3 [ AR

idh 17 e el 1328 168 i

Acvebculipn ; =
"10-70) Lgh o] 1 1378 | 857

* FOR ALL OTERATIM{ MODES

Observed Effect of Brriver Bebavionr on Vehicular OO Emissions

Urivey siarting delay time behavigur
Driver slarting delay defined as |be time lag between the starl of green indication for stopped

veucles and the movement of first wehicle in gueue, This time lap depends primartly o waitiog
driver pergeplion -- reaction time. ‘I'eble (6, provides a summary for the resublts gl the descriptive
statizlical analysis peelormed. The obscrved da cuvers the behaviour of 1986 driver. [he
prescoted statistics indicates the existence of substantia! difference in perception-resclion lines
ameng the ohserved drivers as may be itlferred from the roge of the data,

The ohtained data presented graphically in Fig.(1). This Figare is a scatter plut wsed to cxantine the
refation between starting debay and Lhe excess vehicalur £ cmissions. The preserted data susggest
that a5 the starting Jeluy increasc the exeess vehicolar 0 emission increase. This trend may bc
attributend [or fwo reasons. ‘Uhe fiest is that the perception vomponent of the starling delay time
imeregzes the idling tiree of the vehicle engine and henee, e C4F emission. The second resson
ateributed 6o the reaction — action time component of the starting defay behaviour. '

Tauble
Samplbe sioe Mlimimum
1985 ! 212

(&), Resulis of descriplive statistical analysis ol the obscerved staring delay bebasiour

|

Muximum Meun Standard :lrvint'mn |
L | 1.14

Frunimy; s tme intervel the driver chanpe his vehicle state from kinematics 10 moving condilion 1o
crows Lhe stop-line. This hus the implication of incrcase the excess OO cruission as o wesuft of te
dilference in time between the lwo medes of vehicle condition of uting and muoviog il constant
speed before passing over the stop line.
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Fig. {1}, El¥ecl af phserved mean driver starting defay behuviour on excess {20 emission

Based on the abeve obtained result and aogument, 18 35 Jecided 10 examine the distoibation of
ohserved drivers starting delay bebaviour. The obtzined distttbulion presented in Figd2), in the
form ol 4 standardieed frequency polyizon.
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Fig (2} Observed standardized frequency distobution of dnver startiaz detay bebaviour

‘The shape of the frequency polygon supgeests that the abserved driver lehaviour skewed to the right.
Thix indicates that the majority of dorvers luve starting delsy Uimes grevler Than the observed nean
value nf 2,13 seconds. This eonclusion i3 consistent with the ohsemved tanpe of sturling delay valoes
presentes] i Table-6-. Nowewer, it shoudd be noted that driver behaviour 15 mod the ooly faclor
which. contnbute w the menn storling delay valoe. Type of vehicle has also an effect on starting
delay valoe, An indication o this can be Jound by cxannmation of the data presentod in Table (7
below. The presentcd dala ndicate thet pussenger var sk ruek-trailer tepe of vebicles have the
Lowest angd haghest mean staring delay of 1.4%2 and 3,953 seconds respectively. The reasen tor this
substantial difference 1s attributed e the vadation in kinematics chaacmerstics hensvesn vahicles,

Lable () Dbserved mean starling delaey vabwes [or dilferent lypes of vehicles

___Mean starting delay

Orlserved samphe sizc

2,174

053

| .ea2

LdaT

3.0003

£t

3185

3%

1.0%%
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. - STUDY OF TIEE FEFECT OF VEHCLE IMUVER BEHAYIOLR |
o A R e M AL AR O VEHIULE EMISEIONS OF CARBUN MONOXTRE AT |
= u : : .. __SIGNALIZED INTERSECTIONS

Average virchicle gueue lungih

The number of vehicles waning at the commencement of proen 15 msually relemed o as vehicle
guene length, This neanber depends on 1raffic fagters such as vehicle arvival flow, saturation flow,
phasing, cycle time and duration of red indication, The ume required for vohicle queis o discharge
has a substantial effect on the excess vehicular OO} emissions. The increase in queve length can
chuse an Luetense Inoexeess veldoulwr OO emizsion. An indication o this cun be {owmt by
cxamination of the data presented w Fig. (3).
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Fig. {d), Eflecl of avermpe vehicle gucuc length on excess U0 emissions

This i5 attrabuled Lo two magor reasons, sy, @n increase m the queue length means increase in
e number of COF cmitters. and henee, in the amauet of COF g, Secondly, un lnerease Inoguaus
leneth result in an increase in the time cequined Jor vehivles e dissipate during green. This has the
imiplicatiom ot ircrewse CO emivsions while queuing vehicles are o idle, kinematics and dynamic
riples of movement.

Bv conlrasl, vehicle quenc length can result in decrease in vehicle discharge headway with the
incrcase in vehicle position in queue. An mdication 10 (his wan be found by observing the daa
presented in Table (). As a consequence of thiz driver behasivur, i 3y possible o arpue that
vehicle COF emission decrease with the incresse o velicie quove lenpth. This devrease in vehicle
diveharge hoadway with the inercase i vehicle position o gueve can be aiidbuted 1o the decrease in
driver perception-reaction time. This decreuse can result from the possible bmpaut ol quewing lime
oty driver.

However, the eesullant effect o vehicle gqueae Tength iz that OO emission increase with the incrcase
in the average yusne lenglh,

Tahle (®

F

Liftect of velicle posiion in queue on vehicle discharges headwa

Vehicle 3 4 5 ] 7 ) g
pusilvn in
iU
Discharge 2.53 215 2.3% 203
henidway
Tl

I*treent Stopped Vehicles

As the percent slopped vebicles increwses the excess velucular OO emission ubso increase. This is
clear in Fig.(4), which iz & scatter plot of percent stopped vehicles und the excess velicular €O
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emissions. 1he reason may be attributed for fact that as the percant stopped vehicles mercases the
idling, acceleraling and decelerating times ingtesese yruf the constant speed time decrease. Hetce,
the dilference i OO emission mtes between these modes namely the sxcess (0O emission inorease
with the increass i percent stopped velicles
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Fip.(4), Effoct of poreent stopped vehicles em vehicle excess OO emissions

Driver end Iost Lime

The umber sigosl indicstion period ollow 1he preen sipmal used to provide the deiver with a safe
transition mtervat before the sigoal change inty red, Therefore doverns amiving duning his interval
Lace the silumion of cithwr, decelemite fo slop the vehicle before the stop-liee or continuc movement
and sceclerate if noccssary to cross the interssctien arca befons the conencement ol the red signal.
The choice of the proper action can vary between drivers. The end las vme delined ax the wmoseld
porticn of the amber interval resull feom the behaviour al those divers who choose o slop during
umber,

The effect of end lost time oo vehicular 0 cmissien s stimilar (o that deseobed for the etfect of
vohcle starbing delay. thatl s OO emission noctcasc with the increase movehicle end sl Lme.
Incicanion to this trend can e found by examination of the dara presended in FigdS). This trend in
the data can he attriluted for reasgns sicilar b that deseribed s gbove in the section of elfect of
driver star Jost Taroe on exeess U0 cmissions,

Al

FreeC 0 emiscicp, i« cyxhed
*
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el mnd kst Hme Mecs -

Fiz [5), {brerved effect of driver behaviour during amber on OO cmissions
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T —— N CT0 T T T STURY GE THE EFFECT OF YENKLE DEIVER BEHAVIOUR
g N VEINCLE EMISSEONS OF CARBON MONOXIDE AT
i o RIGNALIZEI INTERSECTIOING

Itiver behaviour duting amber is furdwr examined by observation of the efTect ol time sinee slurl
of amber on drver decision. Resull of lhe statisticn] analysis made presented praphically in
FIg. (6], in the form ol 2 standardized frequency polypon. The presented data indecate that the
magenly of the obscrved drivers pass over the stop-line when they aroive during the liest 1.5 seconds-
tollowing the start of amber. Elowever, this bebuviour vary wilh the ype of vehicle obscrved, An
indication to this varmtion can be secn by vxumination of the data presented in Table (93,

Table {9} {bserved variation ol amber mean 1ime used by viehicles with type of vehicle

] . Type o vehich: “Mean time used by vehicles skmce stari E_r;én_r;_l_:"t_l: ;
Passenpger car
Small truck

M. bus

MNormal huws

ubserved drivers pass over the stop-line when they artive during the [irst hall of the winber periodl.
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Tag. 000, Varition of cxecss O emissions with 1he oseed dme by vehicles sinee stuet ol amber

Concludiby memarks

The chlained results of this research work swmmamzed as below:

I-  Transicnt modes have subsantial efleet vn CO emission rates, wilh decelerating mode having
the highest CO vmission rate, This conclusion 3% in agreement with that reported by fhe
[resented [loTalure,

- ssoline powcred vehicles emit higher percentapes of OO endssions 1han diese] powered
wehicles.

3- The oblained emission mtes are based o the observed driver behaviours and vehicks tepes, Tt s
rather upliks]y that different vebicle compositions would produce il resulgs,

4-  High dover precipitation-reaclivn lime walies, can result mi o increase 1o vehicle cxeess ()
CITIEZZION TAICE,
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5 Wehick: averape queve length has s considerahle effect oo vehicle exceess CO yrmissions, which
increases with the increass Inoaverpe qoese Tlenpth,

6- Improve vehicle movement doring amber perind can resslt in reduction in the excess O
ercrisalemes iF salely can he maintaned 5
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