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ABSTRACT

A5 part of a wider study of freight transﬁarﬁ under taken in  Fakistan

“during  178%-67 & survey of vekicle gtilisation was carried out, Different
‘vehicle 'aLt1v1t1Es were timed and recarded on a continuaus hasis  for . periads
lasting. . from,  five day= to four weeks. Using these data,: it was possible ta

"._li‘l\"f:"i‘tlﬁdtt? three q:pELtS_ le_ time t"El.-Jtt:d castsi~

'i}_ n‘-éerzes uf eldctaL;Lace MErE Lﬂlhuldted rcldtxnn trips to travel

A
'tlmu an& these shaowed. that,. in Fak St&ﬁrE_LDﬁdltlﬂﬁd, time savings follaowing:
thd invesztment, uauid br TUI]Y used.

ji);'ﬁn éna1véi5'of th;Lle time budgets found that freiaht vehicles were
in active use (tra velling, qudlﬁq. and unloading) for mere than 12 hours per
day. - ' , : -
: iii} . It was found Lhdt both time-and 1=tance cou]d each independently
“provide 4 good explanation of tariffs, flthough it was diéficult ta Cidentify
their - sep thu_ influences the best pstimate suggests that tisme and distance
Caccount f respectively.

or 45 gtr-Len and 935 Qur cent of tariffs

i.,iNTRdDﬁcrf0N  

S The o relentless growth. in. traffic valumes | EYBﬁFIEﬁLEd by - many
develaplng S countries has; iﬁ"tcLént years, le g an increased. iﬂtEFE t in
i hiagh tapdcxty roads that ﬁlr Primacily é51gnud to redu- Longestian
and pFOfldu_“ urney time savings. A lthough time savimags have been & . major
- ' 'fhé benafits or'masffféad.lnve trents in develaping countries. the
: camparativeiv little research. . The twa main . elements of
passenger'timeg and vehicle and crsw time, Vo improve
€ latter for coamercial vehicles is Faper preseats and
ted ¥from.a survey carried out in Fabistan during 1985-86.
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ai The uwse of time tavinas {5ilﬁwiﬂg road investment.

o Camman-~sense suggests that if road investment teings about. lourney
bime! savinos then, on average, coeaercial Vehicles should be zble ta meke use

| i saved by making estra trips. However there is disagreement {among
about the extent to which this can be achieved., =




B ?hé aHauﬁE.uf'tfme a vehicle spends in different activities (travelling,
__laading@;unluadinq, ﬁr'at restt.

SRR ‘Sg far qn the',gudy of vehicle operating costs, little data has been

“gollected an ebL' jating the praporticn of time vehicles actually spead working

ek atiresty) This datdnis needed to help estimate the benefits from changes in
travel tiase for those cost compdnents that are time dependent. '

'”tl The ruldtlvE snpmrt«nca af ilmu and dlStdﬁCE in the explanation of costs
Coand tdrlf{

s H t LUmpDﬁuﬁta nf vehicle aperating ¢osts can be separated into those
that are ‘clesrly time dependent (e.g. driver‘s uaqes} and those that are

i

clearly dependent on distance travelled (e.g. ty wear). However f{or  some

compdnests, {(such as depreciatian oar aaintenance)l, 1t 1c known that there 1z &
-?ﬁépenﬁéncyg on Gatk time ang dietance although thtre ie some uncertainty as te

the' relative importance af each. An analysis of the extent to which tarifis

an ﬁe'expiainad‘by tige worked and distance travelled would be useful in order

toe check the validity of our current models of vehicle operating costs used in

rozg investment appraisa].

'-co'ledt information on bhe time uti

‘ Ta ilisation of freiaht vehicles a
ﬁ“9n1cle ﬁttivit?:_aurvey was undertaken., Data wss recorded hy oathi truck
drlvers_“and'curvEy 5t3té who travelled with each .vehicle for operiods tasting

; IvE "aﬁu four weeks thiroughout Fakistan. The purpase af  the
i dmber of trips made and the time spent by the vehicle. in

{nameiy travelling, loading, unloading, resting, and under

‘pericd. - The data was recarded on a continuvaus 24 hours-

“Tnvadditian data a‘jalsa”cellacted on the distance travelle

and on the ralunu94:¢ﬁd Expvnses 1rcust ed.

_'Thié P;ﬁér;'préeéhts part ot &'éfUdy of the freight transport iadustry
sistan that was carried out during a progremme of cooperative research

T G .
m + S

+

hetween the Ovérseas Unit af the Transgort And Road Research Laboratary and the
National Transport nEEEaFCh.LEﬁtFE flelamabiad) . Other Working Fapers provide a
aeneral ‘descriptiad  of  the industry and caver topics such as the rale  of
freight consiagnors. and agents, freight tarifts, and cperating costs.

2."fHE’yALUéTfDN”GF”CDﬂMERCIAL'VEHICLE TINE SAVINGS

't;Lu wdlue the beﬁErltS of journey time cavinqc for cDmnerCldl

_ Ir Groe
vehicles arising. from road’ investasnt it is nmecescary to make assumpticne j_or
sradictions about the extent to which the potential time <cavings may. - be
translated Into prao aductive use, Some authors , such as Dawsaon and Vass (1974,
ssume  in their formulation of vehicle operatine costs censtant werkineg hours
in

a
per vyear; this impliss that all tiae savings following a road investment will
k

(2]



}n 'fehxclu UPEF txng LDSt furmulat1nn= which do nat .assume canstant
working hours apnual time-related costs are divided by distance travelled per
YEar. The tatter figure may either be estimated by & foreula ‘derived {from
vghicle sgpeed or guesssd ab . by the  user. Neither procedure. is VEIY
satisfactaory. . For example  both Winfrey (1969) and De Weille {1944) have
proposed a farmula fraom which it can be hulLUlthd that a one ger cent decline
in travel time would bring about a one per cent increase in distance travelled.
It is acsumed that the time spent travelling per day will remain constant. This
implies that the time spent working per day (including leading and unloading}

must ise as o jaurney tiames fall. This is hecause if travel time 1s kept
constant then time devoted to lodding and urleading per day musl vise as more
trips are made. The assumptiaon of corstant travelling time is clearty
unrealistic for commercial vehicles where loading and unloading time 1s  an
important component of ‘the working day, The approach will nearly glways terd
to-ove i ’

restimate timg Zavings benefits.:

Other vehicle dperating cost model fufmulatians {such as TRRL's “"Raoad

Transpart Invectment Hodel" or the World Gack's “"Highway Design Hadel")
provide the wuser -with the option to predict wutilisation following road
investment ar to chouse ene af a variety of madels te achieve the same result.
fgain no empirical evidence is presented ta shaw how gtilisaticn is tikely  to
change following road investment,

The assumption that travel tiee zavings fan be readgily trmnslatud into
extra trips has been gquesticned by Fleischer {1 &2) and Thomas {(1983). . Their
empirical investigations suggest that there is an doflexibility  in cvehicle

aperations relating to the constraints of drivers’ faurs and the scheduling of
waik which will ogrevent travel time savings from being fully . used,

garticularly in the short-tera.

1t wmay. bte +elt that the more inflexibility there "is in  wvehicle
gperations - {resulting from the constraints of drivers’ hours regulations and
sccepiable loading and unloading times) then the greater Lhe probability that
time =cavings will not be fully used following road investment. To test this
the authior built & computér based simulation model in which the operations of a

freight - vehicle were constrained by a sel.of drivers’ hoursg requlations andd
peraitted loading znd unloading times. The vehicle was assianed to undertaks a
random sequence af. tripgs of different iengthé; The constraints were shawa tao
impinge on vehicle ocperations where it was predicted that certain activities
{ie loading, unloading  and short tripel could nat Ge completed within the
warking day: When this happened the vehicle was ascumed to remain idle for
the day and the activity was postponed ta the aext day,

-+

T

o]

the rest

Using different input aésumptionﬁ the results of the wmodel suggested

that  while additianal constraints on vehicle operations could be expected to
reduce efficiency there are no "a priori® grounds to suggest that they will
-educe the probability of using time savings. The aodel provided as many rases
where total idle time fell (ie time savings were wore than {fully used) as cases

where total idle time rose {ie time cavings were not fully usedi followindg &
reduction in trip times The exact outcome was shown to be dependent wpan the
particular trip length distributicn and the set of copstraints assumed 1n the

model .



There- are several ways of trying to estimate haw time savings may be
useéd following road investment. One approach is to ask operaters to guess what
their response would he given the predicted reduction in journey times. Ever
if it is assumed that each operator can correctly forecast his response  the
results are very difficult to interpret becauvse unless a lot of defail i1g knoun
there 1is no simple way of camparing those who say they can make productivity
gains with thoze who say they cannet. It is possible, for exaaple, that tiae
savings will, on average, be fully wused if anly ane aperater in twenty Can
benefit, : '

finother approach is to lpok at changes in utilisaticon hefore and after
an  investwent has been made., This was done by both Fleischer and by 1

Fleischer .looked at one company operating on the route between Grants Fass,
Partland and Seattle on the West Coast of the USA. There wWae a s&8ries o
improvements which gradually reduced jodrney times over wmany years. Flevscher
found that an extra trip betwees Fortland and Seattle could enly be mads  aode
gurney times had beep reduced to a given ampunt. On the route between Grants

i
Fass and Portland he found that it was only whea the firm could relocates its
depot  could the reducticans in jourpey times be translated into an incresase  in
the distance ftravelled which occurred wmany vears after & ® first road
improvements, ntfortunately it is not known how representative or  goaplete
the <case was. Without a total survey af all operators using the route it is
ot known whether other operators were able make vuse of . the time savings

Likewise 1t ig possible to imagine obher situatians with only ooe &ajor  rauks
where impressive gproductivity gatns could occur with only wvery =smail  {ime

Savifgs,

Thomes carvied out an historical "before and after" analysis ag  well
as cross-sectional analysis to determine how vehicle productivity might change
toliowing road iavestment For the historical analvsis, data mas rollected on

ehicle productiviiy before and after the new Kuala Lumpur - Karak hilghway was
apeded  In West Malaysia which reduced vehicie trip times by an average of 43
winutes 'y callecting data on the operations of various types aof caemmercilal
cehicles Thomas could not find any dramstic  Ieprovements in vehicie
groguctivity ailowine the opening of the new road sectiaon. 'n- fact for
certain vehicle types the level of (rip mabina per day fell in the Fuala Cumpur
| Untfartunately during the periad which was covered by the data cotlectian
iarge changes were recorded in both the HalaySIau cammercial vehicle fleet
nambers  and in the levels of onomic sctivity., FHoth af these {sctors couwld
zasily have swamped any beneficial effect of tlhe road on vehicle productivity



- In'_Lhe Malmyaldn crass - bECthﬂdl dndlYSIE Thumas derived a number of
EiaStIthl ' fur' d1++erent L&tEQQFIE“ ‘gf ‘cemmercial ~velifclas - between trips
aade per dmy and ﬁuurage travel“tiae per trip. . Most of the Malaysian data was
collected from  a roadside interview survey in which drivers were —asked. what
trips had bees made in the previous Z4 Hourse oo The glasticities found ranged
fram 0.2 to ~G.4. Sg that if travel time is reduced by ane per cent then trip
an be expected tu riss by between 0.2 and 0.5 per cent. The analysis

making
stg gest that ¢he models which predict -a one per ceat increase in distance
travelled for one per cent deciine in travel time will clearly overestimate the
effects Lf journey - time savings. However-ta estimate the extent . to thich
vehicle warkinog time savinags are used It ie necessary tp inciude laading and
urloading * time within trig times in the calculation -of the elasticities.
{gading and unloading tiames were not collected-in the Nalaysian study.and as &
FEEUIt'théid rived Elasticitiss underestlnate the extend te which time _savings
may be used llaw;ng jadrney time &avings :

It is against thisg backgraund that 1t Was d ldEd to repeat and extend
Lhe cross-cectionel analysis ssed by Thomas in Malaysiae usimg vehicle activity
data frowm Fakistan. ' .

3. THE RGﬁD FREIGHT TRQNSPURT INDUSTRY IN PAKISTAN

{ur"‘ntlv' in_“PaklgLan thcre are 16 thu urder af - L0000 trucks  in
épérétlon,_ at.” whach;iabcut'?”"per cent arg cprivately nwned. The . Natianal
Lagistics  Cell (part f'of the armed forces) has about.. 2000 trucks cthat, are
primarily used’ tu sup lement the railways in the long distance bulk movement of

ré:ns dnd fuul

S Generétz'iﬁ¥nrmatiah5on private commercial road freight . transpart in
“Fakietan ~was dallected fram the Rosdside: Interview Survay of truck :drivers

(This ‘iz ‘described in Working Paper No. 253). Three quarters of. the trucks
surveved  were’ two caxle Bedforgs trucks, t4 per cent were twa caxle Japganese
trucks -and  the remainder were divided bcﬁwuen three axle rigid wvehicles. and
2 . . :

¢ i o :

ractar trailér”camblrut1ﬁn4f~-

noane per cent of the trucks surveyed were guwned by & company
t operations. The induskry is eotirely organtsed of a "hire
5. Host trucke operate on the basis of picking up business
wherae they Lan'aﬁd going from jab to- job as demand reguires., It is very common
tor drivers to o wark - away fram base for up to three. weeke. - The. Roadside
tnterview Survey found that omoaverage driversiof Bedford trucks returrned. - ko
nage afteér 7 days and returnec to their Fémi]y after. 17 days, -

PRI ~ The driver g responsible for finding the. load,  for.. callecting
Fevenue, ahd  foi Fepairing the truck.. :iWhen he returns to iase  he has lo
ivcgunt for the revenue earned and the expenditures incurred. . About 50 per
cent. afi-drivers - are emplovess and &ppruoximately 17 pef cent Jown  their  oun
vekicie. The reeaining three per cent own a part share of the vehicle that they
drive,

.0




_ “There is an extensive network of freight agents who assist the driver
to. find a loads  Over &0 per cent af loads were. found using ageats. In
practice -vehiclés can -usdally. be found.for a ‘donsignor within one  haur.
Victually - all-agents are connected by telephone which plays an imﬁprtant part
in their businessi = : g )

There is very little specialisatian in body types. About 85 per cent

of  the Bedfards and &0 per cent of other trucks are high sided, while 8 per
cent of Hedfords- and 20 pnr cent: gf other trucks are tankers.
‘ _ Virtually. atl {r51qht -VEhIthb im Fa'istan have ‘sufficient space
within  the - cab to seat four people.. In addition there is Gsually a purpose
built space on top of the cab where a driver or h: assistant can rest or sleep
whilst the vehicle is in motion. Just over half the‘trucl have two drivers
and one sssistant, the remainder have just cne deriver and one assistant.

4, SURVEY PROCEDURE

In Pakistan 2 high proportion of journevs last more than cne dayy for
this reasson it was felt ta he inappropriate to use a roadside interview survey
to collect data on Lhe time and duration of vehicle activities. A Yehicle
fobivity Survey" was undﬁrtaken.wherehy difterent activities were recorded and

timed - as . they occurred.. Data was. collected from & sample of trucks an  a
contineous basis for per;udc lastinmg. from tive days to over four weeks. The
data was collected by both survey stafi and by cooperative d}1‘e:d,_ The survey

staff travelled with theiv allotted trucks centinucusly thraughout the periad,

i+ necessary sleeping ok board the truck as it travelled. Where "aapgrdt1\c
drivers Were used they were paid-an.additional sum to.record thelr activities,
In. total over 400 days of useful data were collected, about one fifth of this

= s 5

being recarded by drivers, the rest by survey staff. . This compriced 24 periad
5f data related to conventional two axle Bedford trucks, seven periocds to
Bedford  tanker trucks. and 13 periods. to LuﬁhEﬁtiundi _two and three  axle
[N
I

Hercedes trucks., The latter trucks ucru'awneu and drivea by Afchan  Refugees.
ey data relating to tte trucks that were used in the Vehicle Activity Burvey
are chu:r in ﬁppendix i.

Inview of the d;fvlcultv encaunte«ud in plauing the survey ctaff with
vehicles many staff made use of their.contacts ta flnd_thILLE» with which
they - could work. Where possible an activity chart recorder. was fized to the
vehicle chassis ta recerd when the truck was in motion ar at rest, The
recorder provided a check an the manual records. :

_ Detailed - recards of the timing of - all movements, rest periads,
toadings, untoadirgs, waiting perivds, emergencies and. repairs Were collected
on & continuvous basis. Vehicle staps of less than 13 aminutes were 1qnured.
Coaperation was sought: from the other drivers and assistants t tllangf With
the wvehicle ta helg record those details which the survey assi nt.or . driver

g = !



Additional ddtd on the d;stance travellud coste incurred and revenue
zarned . were also recorded. . English translations af the two survey forms _used

to rfecard the data are-shown in @fppendix Z... ... .

5. THE PATTERN OF VEHICLE USE

The V¥ehicle Aotivity Survey cotlected data on trucks engaged on &
variety of patterns of operation ‘and cavered a wide spectrum of trip lengths
The 45 survey periods covered 405 loaded trips and 327 enpty trips. Distances
were recorded for 92 per cent of the trips and for these trips the aean loaded
and mean empty trip distances were 347 kms and 150 kms respectively. Fifteen
ent of loadsd trips and 42 per cant of eapty trips were under 50 kas while

pEF ©
eight per cent.of the loaded trips and twe per cent of the eaply frips were
aver 10060 kms. .

Ta analyse the pattern af vehicle productivity and time use it was
gecessary, 4&s far as possible, to allocate tinme cpent in different activities
into empt and loaded trip periods. Far each trip the time =gént moOving,
lpading, unlcading, resting, or under ropair was totalled. Because af the laong
iourney distances are irip was usually braken up into a series of movements and
rest periads On zverage each loaded trip and each empty trip was campdsed af
approximately 3 and 3 sepavate eovements respectively.

: . Eecause - the vehicle is at least partially loaded duriag loading and
unloading these aclivities war defined to be part of & - loaded trip. fite
. distinguished b
i
i

u
etween resting and waitiﬁ in the subsequent
apalvsie., Waiting to unlaoad was countes as part af a leoaded trip while waiting
to lcad after completing an empty maovement was counted as part of that  eaply
loaded trip to finish the truck would have tuo e completely

differsance  wa
3

trip. ror @

unloaded; so & segquence of multipls partial loadings or unlcadings would all be-
counted as part of one loaded trip. A leading is necessary to fipish an empty
trin. Go a series of empty movements (made in any direction) were counted as
part of one eapty trip. Besides the loaded and espty trips there were also
periods hetween two loaded trips when the vehicle did not move empty. In tatal
43 periods  of this type were recorded. Leteiled activity data is shown IG
Table A% aof Appeadis L. The mean pericds spent in each activity far the  whaole

survey areé chown ia Tabhle 1.

~3



g : fabi& L

'f'Hean'fimeé'Spentfcn'Eéth HctiVify*fbr3Lhé&éﬂ and Unrdadéd‘Trip Periods

Hoving Loading Unloading fiegsting Repair Total
“Hrs Hrs Hrs Hrs Hrs Hrs
Laaded Trips 10.8 J2.2 AT 6.3 0.3 21.8
Empty Trips AU TS oo S HLE 0.9  16.5
'Emhfy'Pefidﬁs Betwsen . o : . : S

Source: VYehicle Activity Survey

i averaoge loaded trip periads were found to last 21.8 hrs while empty

trip perieds were found to last 16,5 hrs. In total trucks were found to be
loaded 56 per cent of the tiame. Rest and waitinag time accounted tor 30 per
cent of loaded trip time, but overall &3 per ceént of rest and waitiag accurred
While the truck was eapty. :

The average duration between the end of loading and arrival at the
destination was - found to be 4.9 hrs which gives an  average loaded journey
speed {including intermediate vest periods) of 23 kph. This is. the scanme
gverall jaurney speed found far loaded Fedford trucks in the Roadeide Interview
Survey. Using data from the Vehicle Activity Survey an estimate of 107,000
kms | was caléuiated'%ar annual vehicle traval. This is very close to the mean
extimate of 117,000 kas found from the Roadside Interview Survey.

_ The distribution of tatal laaded and eapty trip times found by  the
survey. is shown in Figure 1. Althouoh 70 per cent af loaded trips took less
than 74 hrs, {3 per cant lasted lorngeér thaa 48 hrs.

# breakdaown of time by activity is” ‘shown in Figure. 2. " This
manstrates the. high degree af time utilisatian of the ~surveyed - vehicles,
t vehicles worked round the clock with activity interrupted only by short
t and Waiting periocds. VWehicles were found to he moving 40 per cent of - the
) d loading or unloading a further 11 per cent of the time. Fest periods
sunted for 44 per cent of the time. In total trucks were ia active use gt
t of the tiame {ie. over t2? hours per day}.

Same variation was found in the daily pattern of activities althouah
the differences were not particularly earked. HWednesday was found to be the
most active day with mevement accounting faor 44 per cent and resting. 40 per
cent aof the day. Total activity was not substantially reduces on Friday
compared with other days apart from loading and unloading which accounted far 9
per cent of the day compared to the average of 11 per cent.
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" Figure 3 . shows how vehicle use changes throughout the day. The wmbst active
moevement times are between 14.00 hrs and 02.00 hes. Trucks are most likely to
e --at rest hetween 02,00 hrs and 06.00 hrs.-Even &t .the quietest time of day,
"04.00° hre, 37 per cent aof vehicles are working.. The mest active loading and
‘unlcading ©tiees are in the middle of the working day betwsen 08.00 hrs . aad
1B. G0 hrs, ' :

Figure 4 gives the distribution of the start times of lpading and
“unloadingy - Althaugh most loading and unloading takes place during the "noraal
working  day® 13 per cent of loading and 29 per cent of unloading was started
betWween 20,00 hes and: 6,00 hrs. Unloading (which lasts less timel. iéi_mqre
evenly distributed throughkout the day than- loading. In Pakistan it is usually
necessary to hire labour for loading and unloading and so the industry appears
to be quite flexible in allowing for it to take place throughout the night.

fin analvsis of the data showsd that a rest or walting pericd occurred
in- 57 per cent of the time periocds immediately prior to a laoading. On average
this perio lasted 8.9 hrs. In other words, as expected, drivers tended to
take a break after completing a delivery and befare collecting thelir next load,
Fut  many dlso took the: apportunify far 4 break before unloading, La 40 per
cent of the pericds immediately prior to am unloading a rest or waiting gperiod
gocurred which lasted on average 6.1 hrs. ’

4, THE RELATIONGHIF BETWEEN TRIPS -AND VEHICLE NGRKING TIKE

In Sectien 2, it was reported that in order ta EtlﬁdtL the extent &
which Journey tiae savinogs could be translated into extra irip waking, Thona
collected cross sectional data fraom a survey in Malavsia ta derive a cEries o
elasticities betwesn trip making and average trip mavement' times. Thi
analysic was repeated and sktended using data from the Vehicle &ctivity Survaey
in Fakislaa,

S | ]

The Fakistan survey data was collected over periﬁds lasting up to faur

weeks, © Durinog the survey some of the truck drivers took their nurmal, "dav off”
creational rest while othier drivers did not. In order to estimate the extent
to  which this lack of uniformity may have hiased the result an  additicnal
anaiysis was undertaken using data adjusted +for long rest periods. A
relationship had bhaen found between rest days per month and laaded journey time
rrom  data collested from the Roadside Interview Survey . and this was used to

smooth  the total amount of time devoted to long rest perigds in the Tadjust
data set” referred te belaw, A further analysis was carrjed out uthh
exciuded data from the tanker trucks which have their own unigus gattern  of
gperation. The following three data sets were prepaced:

1} The basic data set (43 cases)

w
m
m
un

ii) The adjusted dﬁ a set (43 cs

1ii)  The adjusted data set excluding tankers (38 cases)

i1




Each data set was derived from the 45 survey periods of - the Vehicle
gtivity Survey:- oFarceach.case the number-of: the trips made per day,.. the
moving ' and ‘working time gper trip and the mean working . time  per, 6 day. - uas
calculated, : ‘ - L

. ‘One approach “to the hrnblem of estimating the ‘utilisation of time
‘savinge is to determide the relationship between total warking time per day and
‘average movement. time per trip. 14 it is believed that time savings cannot be
fully -used then it could be expected that working time per day {ie. all - maving
time and loading and unloading time) would rise with mean travel time. . This
analysis is présented in Table Z. :

riiTable 2o
' Regressians Relating Tatal Warking Time Per Day

Easic data set. N .= 45

(se = 0,04). -

CT'value = 2.56,  Chance Frobability .= 0.01%.

“UY) Total working time per day = 10.8 + 0.074.% (ean movement time per trip)
B SRR Nt IR (se = 0.035) . e

R owquaréd value = 0:4%, T value = é.aé}~g"EChance-PruhAbility 20,042

evcluding tankere.: N = 38
J5 - 5.7 % 10°-5 % (mean movement Lime
lee = 4,077 per trip)

-
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R squared value = 6.00, T value ~7.9 # 10 ~-4, Chance Prohability-: 0.9%979




tlthough  both af the first two regressions showhn in  Table 2 have
positive <clope coefficients and are significant at the § per cent level af
probability they have very low explanatory power.. The last regrecsion has no
significance at ail. The analysis shown in Table. 2 .shows no consistent
rejationship ‘between total working tise per day and movement. time per trip
hence there is little evidence to suggest that journey time savings will not be

fully used,

Ta carry out his analysis Thamas calculated elasticities between trips
made per day and movement time per trip. Without the incurpaﬁatian of laoading
unloading time these elasticities cannot be used directly to estimate the
extent to which time savings can be used followiag journey “time savings.
However the analvsis is useful for indicating how the total distance travetlied
by each vehicle aight change with a change ia travel time. For exaasple 1§ trip
distances remained constant an elasticity of -0.8 would suggeet that & ane per
cent decline in travel time will bring about an imcrease af @.8 per cent in the

number of trips made, and hence in the total distance travelled, per vehicle,

and

An  elasticity ot -1 between trips made and movement time is unitikely
d unloading times are significant. #n elasticity of this
igply that that total working time (iacludiag maving, loadina,
) will increase with travel time savings.

The most convenient way of estimating an  elasticity is By using a
leg - las regression analysie., The elasticity ig the coefticient *H" in  the
fellawing regressian: -

Lag (trips) = & + b#log Ujourney time)

Using the three Pakistan defa sets mentioned above Table 3 gives the
F

results of regressions relating trips per day to mesn trip wmovement times.
Separate rearession results are gives for "laaded trips" and for "ali . trips®
*411 trips per day" refers ta the mean number of loaded and empty trips aade

i c

=
per dav. Frecise definitions of loaded and empty trips are given in Saction 3.

—
.t




fvl Log fall trips per day) = 0.682 - 0.698 Log (movement time per trip)
' o B S (s& = (. 0G36) '

R squared value = 0,90, T valug = -19.%, ' Chance Frobability = 0

vl ng”(}ﬁédéﬂ trips per day) = 0,518 - 0.70% Log (loaded aovement tinme

(ge = 0.046) : per trip)
K squaréd vailue = 0.85,° T value = “18.1,° ~‘Chance Frobability =0 .

(movement time gef tript

17y

vi) Log (all trips per day) = 0.715 - 4,
F squared value = 0.73, T value = -23.7, Chance Probability = 8
viil tog (loaded trip;'pér dayl = 0.56 - (.768 Log {(loaded movement time
' o : o {se'’= G.042y ©oov per trip)
k squared value = 0.88, T value ="-18.0, Chance Frobability =0

§.724 - 0.7465 Log (movewment time @er trip?
{ga = 0.043)

wiii) Lag {alt trips par day)

f sauared value ="D.'w‘(lS T value = -17.9 Chance Frobability = 0

—
o

g (loaded trips per day) = 0,504 - 9.702 Log (loaded movement time
: {ge = 0,048} per tripl

R squared value = (.84, T value = -14.4 Chance Frobahitity = 0

14



The regressions shown in Tahkle 3 have high R squared values - and are
very significant. The derived slasticities relating trips per day to mean
movement time per trip lie within the range ~0.70 ta -0.77. 5o that if wmean
wavement times are cut by one per cent then trip making will rise by Jjust aver
0.7 ot ane per cent. These elasticities are much higher than those found by

Thomas.

Tu estimate the extent to which time savings can be fully used
fallowing +oad investment it is necessary to calculate the glasticities using
total working time including loading and unloading time. Regressians shawing
these elasticities are giver in Table 4. For each data set three slasticities

“are presented these relate  the following variables:-

i} "ai)'tripS'pE?‘day" to "wean total working time per trip!.

ii) -"loaded tripajﬁer day" to "mean loaded working time per loaded trip”

1ii) “loaded trigs par day" to "mean tatal worﬁfﬂg time per loaded trip”®

The last type of elasticity prhbidesiaﬁféstim;te {as- far es is practical in
§]

i
f the response of "round trip" making to total warking

fakistan conditians:

time per "round trip". in the analyeis total working time refers to all eapty
and Joaded moving time and loading and unloading time. Loaded warking time
refers to loaded movino time and loading and urloading time, No rest, waitina,
ar repair time is included in'the calculation af working time.

Regressiongfheléting Tkips Par Day To chking Time Per Trip.

¥ Log (all trips-per day) = 0.509 - 0,638
: : (ge = 0.047) . . fper trip)
R squared value = 0,88, T value = -17.7, Chance Prabability = 0

x1) Log {loaded triﬁélper day) = @.B73 - 9.913 Log {mean loaded:warking
' S : (se = 0.041) tiase per loaded tripl

' 'R”squared valua: = 6;34,;- T ovalue = —14.9,: Chahte Frobability = 0

Rii) ‘Log (loades trips per day} = 0,90 - 0.864 Log (mean tatal working
T SR . {se = 0.045) time per lopaded trip!

R sguared value = 0.%0, T value = -19.3, Chance Probability = G



Tdblu 3 Lantxnueh.[fff7

Adju ted D ta et M= 45

siii) Lagr(aii;trips7ﬁer'day) = 0.948 - u ?14 Log (mean total working time

(ce = LOADY par tripl
R squared value = 0,92, T:value = -22.4, Chance Frobability = 0

%iv) Log (lodded trlps pur day) = 0,951 m'ﬂ 99 'Lda {mepan loaded working tiae
(Su = 0.054) B per loaded trip}

ngqua'é&‘vaiué =T0.8§, ﬂTffélué =_—-18;4@' ChdﬁhE Frchabllity =0

kv Log (1oaded_tripé'pef ﬁay){ﬁ a. 90? ~. G ?3; Log (mean total working
: R (20=0,035) . time per loaded tripl

24,4, Chance Frobability = 0

I
-3
€
-“1 B

e

oo
>
=
1]

]

1

8 squared value = 0.

awiteLog: (u[l ttlpn per dayl): = 1, 00 - 0.93 Lag (mean total working tiae
T ( g o= 0.034) per tripl

T value = -17.5, Chance Frobability = €

xviii Log (loaded trips per day) = 0.88 - 0.925 Log {mean I
' ) tge = G.048) per

Bosgquared value: = 0,85 - Tovalue = -14.1, .. Chance Frabability = i}

iviii) Log {twaded trips per day) = 1.03 - 0.98 Log-(mpan total working time
I R T - fga.o=:0.05%2 o _per joaded tri )
R squared value = 0.91, T value = - 8.7, Charce Frobability = 90
“Elasticities -relating trips per day to working tiae are given by the
regressions shown ‘in Table 4. These range from -0.84 to  -i. Ait of  the
regressions  are highly sigaificant and have high fv squared values. Figure 35
gives a typical plot of the Ltog - Log relaticnship (in this case the data. used
in FRegression {xv) is used). fOverall, by introducing loading and unloading
into the analvsis, the eilasticity values have risen by 25 per cent. The méan
value of the elasticities is -0.92 =0 that we could expect commercial o wvehicles
ta make use of over 979 pger cent of the time savings following raad investment.
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7; THE RELATIDNSHIP BETNEEN REVENUE AND JGURNEY.TIHE AND DISTANCE

Ruad ‘Freight transpart in Fallﬁtnn is iarqeiy organised on a frge

‘market basis, Freidht tariffs are competitively determined hy supply and
demand and there is little direct goverament intervention. The industry. is
dominated by a targe number of individual entrepransurs operating a "hire and
reward" service. Entry into the industry I5 cheap and easy there 1&¢ a

glatively lax licensing system and there is tittle enforcemsnt -of axle load
liamits or construction and use regulations. '

that

In this competitive environment there 1s every fgasca to believe

revenues and tariffs reflect operating costs. To exawine whether it was
possible to identify the proportions of aperating costs that are dependent on
time and distance, an analysis was undertaken to determine the extent ta which
tariffe could be euplained by these variables. A model of this sort could he .
uzeiul  in helping construct and check the relative importance of time related

t appraizat,

costs  within the more complex cost madelis used in road investment
The analy:sis was cerried out using simpie and multiple reagressian techniques
with data collected fram the Vehicie ﬂctz»1ty Survey. & similar inavestigation

Four sets of data from the Vehicle Activity Survey were eanalysed.
Because the tariff rates for carrving petrnleum praducts are set &y atl
companies directly on a distance basis, data relating to tankers wmere excluded
from the analysis

i) Bedfards - grouped data, Z& abservations, da a relating
to periods lasting from five days to {four weeks.
i1 Bedfords - empty and laoaded trip data, 17& ohservatians,

data retzting tao trips including empty movements.
iii} Bedtar ded trip data, 20! cbservations, data
r o joaded trips only.

iv} Mercedes - !aadédAtrip data, 77 nbservafioﬁs, data relating to.
laaded trips onaly (non tankerz),

r

Simple regreséions relating tariffs to distance and tarifis ta .t ife
are. chown in Tables 5 and &. Revenuee are in Fakistan Rupees, distances are
in kilometres and tiae i8& in hours. The regressions show that bath time an
distance are quod explanatory variables of tariffs. The relationehipe are vEry
significant and the R squared wvalues are high, Distance is & better
-vPEanatory yariable for the grouped Hedford data set and for the Hercedes data
set while time is a hetter explamatory variable for two Bedford trip data sets.
Moving time appears to be a better gexplanatory variable than working Lime

'R
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Trig Taridf = 363 + 2.76 % (Loaded Trip Distance)

0,137

121

, T value = 18.0,  Chance Frobability = 0

R sqguared values = 0,462
Hercedes - loaded trip data set N = 77
cKbL feap faeriff = (4635 A.14 # (Loaded Trip Distance)
cse = (.37} ‘
B squarsd value = .76, 7 valug = 15.8, Chance Frabakility = @

19



Table &

'.Reqresgfuhé Relating Tariffs 'To Time

wxiii) Tariff fevenue (for period) = -1634 + Bé.
( 7

sxivl Trip Tariff = 246 73.7 ¢ (Empty % Loaded Hoving Time)
. : . e . _ _

. T value = 19:4, Chance Prabability = 0

1
o~

f sguared value

wavi Trip Taritf = 93.60 + 4609 % (Empty % Loaded Work Time)
(se = 3.47) :
R esguared value = D.éE; T value = 1%9.3, Chance Probability = U
Bedfords = loaded trip data set N = 201

{wil Trip Taridi = 250 + §7.7 % thLozded Meving Time)

i ozguared value = 0.74, T value = 24.9, Chance Probability = @

yivii) Trip Tariff = 34,6 + 87,5 & (Loaded Wark Time)
(ge: = 3,46} ‘
R squared value = €.73 T value = 24.4, Chance Probability = 0
T rcetee - toaded trip data set N =77
Caitn) Trip Tariff = 252 ¢ 147 % (Laaded Hoving Time)
(e = 12,2} ' )

2.1, Chance Frobability = ©

o
tn
£
=
h
[pe)
=
-
&
ot
e
e
1
0~
o~
“l
o
—
=t
[44]
1]
—

®¥iE) Trip Jariff = 381 + 1195 % (Loaded Work Time)
{se = 12.%)
# sguared value = 0,53, T value = 8.9, Chance Frobability = 0



. Table ?

Regressians Relating Tariffs to Time And Distance

-Bedfords - grouped data cet B o= 24
wxx)  Tariff Revenue (for periad)
= -350. + L.46t ¥ (Empty & Loaded fistance) T value = 4.98
- {se = 0.324) ... . . Chance Frobability = 0.00005
4 35.% % (Empty & Loaded Work Time) - = T value = 3.09
{zg = 11.4} ' ' Chance Frobability- = 0.0052
K sguared value = 0.93
Bedfords - eapty and loaded trig daﬁé set N = L78
¥xxi) Irip Tariff = (41 + 37.8 # (Lmpty & Loaded Wark Tiae) T ovalus = 4.567
{ce = B.06} Chance Frobability = 0.000401

t 11 % (Empty & Loaded Distance) T value = 3.56&
(se.= 0.28) . Ciiance Probability = 0.00011

tdedfords - loaded trip dats sat H = 201
wxsii) Trip Tarifé = 47.5 + B0.! % (Loaded Work Tiae) T value = 0.2
(ge = 7,87) Chance Frobability = ©
t 0.292 % {Lgaded Distance) T vatue = 1.67
(se = 0,27} Chance FProbability = 0,264
R squared valus = G.75 ,
Mercedes - loaded trip data set M= 77
xExi1i) Trip Tariff = 3,08 + 5.43 ¥ {(Loaded Distance) T value = %.27
{se = 0,584} Chance Frohability = 0
+ 21,7 % (Loaded Work Timel T valus = (.62
{ze = 3.4} Chance FProbabiltity = 4.1104
R osquared value = 0.78



Multip]é'regrezaian: relating tariffs to working time and distance are
shown in Vahle 7, These multiple regressions gprovide a slightly better
gxplanation than the simple regressions, The R sguared value is:raised in three
of the four data sets by between twao and three per cent compared with @ best
siternative simple regression. However in the last two regressions the second
term  Has wery little significance Comparing the results with the simple
regression results it 1g quite clear that there is a high degree of correlation
present between time and distance

f\
Gne way of testing the usefulness of the multiple regression aocdel

when multicollinearit is present betwsen the independent’ variables 1= to

~<

camoare the R squared value of the regression with the squared correlation
coefficient betweea the independent variables. This is done in Table 8. In
this table it can he seen that for the two Bedford Lr1p data cets the aultiple
regression R squared value is lower than the gquared arrelation coefficignt
betwzen the independent variables. This =zugoests {hat multiplie regressian
results for these two dats szets are not satisfactorv., Taking this into accaunt
toosther with the significance tests it appears that the weultipie regression
tor the groupsd Hedford data set pravides the best explanation.

Table & provides an estimate of the percentage of the cean tariff of
each data set that is explaiced by time and distance ia the ditferent wultiple
FEGressions The Eeéford grouped data set and the Hercedes data set  have a
tatal gercentace "explained" by time and distance that 1s greater than 100 per
cont, This ¢ becausze the constant term in the regression eguation s
nsqati

Table B
Froportion of Tariffs explained by Time and Distance

FerCent OF Tariffs Hultiple Sguared cerr.,

Explained Byvi- 'FQFES:luR coefficient

Constant MWark R squared between
Data sat : Term Time Distance Tiame & Distance
O R
oL Twrus T
qrouped data -2.8 46,3 - 0.53 {.Gé
Beafards - empty
Y o loaded trip [3.4 31,5 3944 4,70 .43
data
Fediords - loasded
trip data 4.2 88.6 7.0 0.75 G.7%
Mercedes - loaded
trip data ' -0, 1 16, 5% B3.8 1,78 _ 0.54

# Teram not significant at 5 % praobability.



le 8 suguests that aultiple -zgression analysis cannot : easily  be
used to explain  tariffs. There i¢ cansiderable variation in the relative
importance of time and distance for the different data sets. Assuming that the

grouped Redford data set prav vides the test evpléﬁutlﬂﬁ and adjusting for the
constant term then working time and distdnce sccount for 4% and 55 per cent of
tariffs respectively. The gr uup ed data regressidn suggests that revenus will
increas by Rs (.& for each extra kilometre travelled and increase by Fa 33.3

2]
far sach exira hour worked.

8, CONCLUSIGN

Vehicle time utilisation has heen relatively neglected as an area of

research and yet it plays an 1&g GrtdﬁL part in the calcutation af benefits
arising froa Journey time cavings, ~Ta estimate time zavinge henefits
satistacterily follawing a road investment it is necsssary to make assumpbians
an the iikely change in vehicle titilisation. HMeasuved on a per bilometre basis
the indivisible companents af aperating costs {labour, deprecistian, interest,
and overheads Wwill $all as wutbilization rises. Previous resear;h has
cuggested that freight vehicle time savings may nat be fully used.

Freight wvehicles are used very intensively in Fatistan. Thie survey
found that vehicle running accounted tor 40 per cent of the time and that with
lgaging and unloading vehicles were in active use for over 2 haurs per day.
vehicles are used intensively at niaht; the soat active rumning periad  wWas
fetween 4.00 pm. and 2.00 am. £veEn at the guietest time of day, 4. 00 hrs, 37
per cent of veliicles ware warking., Although mast laading and unicading daes
tak iace qu t of tgading and 2% per

iring the "normal warking day" 13 per ceont
{

g p
cent of uwrioading was started hetween 8.00 pa. and &.00 am.

tas no coneistent change in working time per day with
. in addition, elasticities relating trips mane per d4 &
time vranhoed between -0.84 and -1. with a mean value of = @.7¢
lvsis of warking tise pev dav and the elasticity analyst

we savings follawing voad investmen

journay L
brip war

Both the an
ihat in FPakistan ' © conditions, journev

i 1
are likely to be fully translated into extra trips.

4 statistical analysis of freight tarifis with trip times and
distances faound that either time or distasice could provide & good explanation
ot tarifisz. However the high degree of correlatian between time and distance
gade it difficult +to identify the separate explanatory pawer of gither
variabie. The hest analysis suggested that time and distance could account for
4% per cent and 33 fer cent of tariffs respectively.

il
et
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APPENDIX 2

Vehicle Activity Survey Guestionnaire 1.

HHCLE UTTLIZATION MY, 1985 CTEF. NO.  NAME OF DRIVER  ADDRESS PHONE 0. CITY NO.
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“Vehicléd Activity Survey Qlestionnaire 2.7 R S -

. 'DRIVER'S LOG BOOK SURVEY Truck Registeration Ne: |
o {pakistan Freight Transport Froject) :

U TRANSPORT & RCAD RESEARCH LABORATORY Model: _ w No.of Driver: _ | No. of Axle: #
CUU{UK) AND MATIONAL TERANSECRT RESEARCH -

PAPLF_UE Po- o WA §
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