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ABSTRACT

Gunn Bugh ¥. (1979) Travel Budgets - A Review of evidence and
modelling implications. Ieeds: TUniversity of Leeds, Inst. Transp.

This paper reviews the empirical data that has been put forward
as evidence for the feasibility of direct forecasts of the average
amounts of time and money allocated to travel, and the alternmative
model frameworks which have been designed to exploit such forecasts.

It is concluded that the evidence for the stability of aggregate
travel behaviocur from analyses of cress—sectional data has not yet
been reconciled with the variations shown over time.

L) L] .- C ) . L) L ) . " * & L) L *a » - *

]




ACKNOWLEDGEMENTS

This review was undertaken in the early stages of
a research project sponsored by the 5.5.R.C. The author
~is grateful to Dr. Philip Goodwin and Mr. Howard Kirby

for their édvice, and to Linda Neal for her assistance
throughout.




= 1-l

CONTENTS

Introduction

2.  Empirical evidence from T.K. sources -
Cross-sectional trends
Trends over time .
Grouping'by_person and household characteristics
3. Empirical evidence from other countries
‘Pravel expénditure
Travel time ‘
4. ' Aims, theory and methods
5. "Summary,”connlﬁsions and comments

References

Appendix I

15

15

21

22

23
29
35.

40

43




-1 -

TRAVEL BUDGETS - A REVIEW OF EVIDENCE AND MODELLING IMPLICATIONS.

1. - INTRODUGTION

1.1 In recent years a con31derable amount of research has been devoted
to. the exploratlon ‘of the total amounts of tlme and mcney that the
1nd1v1dua1 spends on travel. The forecaeting impllcatlons of the
exlstence of constraints on theae totale have aleo recelved ettention
in the literature, if to a rather 1eeeer degree._ The context of all
these studies can probably be feund in g recognltlon of eome inherent
limitations in current modelllng procedures, especially in the face
of a falrly general change in emphasis for the areas of concern for
~transport plaming (1n developed countrlel at 1ealt) amey from issues
of road construction and towards more general con31deratione of personzl
mobility and the problems of the, ‘transport disadvantaged'

Increaelngly,....traditlonal concerns are belng supplemented,

or even replaced, by questions about how the use of existing

facilities can be redirected to meet air pollution and energy
coneervatlon goall, ag well as transportation obJectlvea.

) Meny of the transportatlon policies currently under
congideration meek to make large changes in the relative price
of travel in general and in the relative price of competing
modes with the cbaectlve of euhstantlally elterlng housgehold

" travel behaviour. -

To evaluate effectively the probable impacts of these
policies, an analyet needs to be able to draw on an under-
atanding of the major mechanisme by which households are
likely to make adjustments in their travel behaviour.

(Oster (1978)).

Some wrltera have concluded that there are aspects of the demand
for travel that simply cannot be’ accomnodated within the conventional
structure of an aggregate sequential approach broken down_;nto
"generetlon/ﬁlstrlbutlon*modal spllt/EB51gnment stagee._ For-exemple,
Zahav1 (1979) writes o B

.....the measurement and anelyeis of travel demand, as they

are done presently by travel demand modele, are not eatisfactory
for two principal reasons; (i) the measurement of travel demand
by trips is not compatible with the measurement of system supply
service by travel distance; and (ii) travel demand, as defined
pregently, is not flexible enough to express the poselble effecte
of system eupply on travel demand.... . .



In particular, the ability of the individual to alter his or
her travel habite by means Vof re-scheduling trips, amalgamat:mg
trJ.pl or smply fn.nding alternative ways of operat:.ng which involve
less or no travel cause problems for the conventiona.l methodology.
Changes in 1ndividua1 trJ.p rates can come about without any apparent
'causation' in tems of income growth, veh:.cle purchase or cha.nge in

| fam:.ly circumstances simpl;y as a result of adjustment to trave}.
behav:.our in the face of changes to the costs of travel. Such.
:‘adaustmente seen 1ike1y to be the rule rather than the except:.on,
‘ espec:.ally in the 1ong term. Yet the assumption basic to the N
eonvent:.onal procedure, that of steble trip rates for various . house—
' hold categories, seems to preclude treatment of such behem.our.

- (Jones 1977), (Oster 1978)

At the same time, and J.ndependently of the a.rgumente about the
a.dequa.cy of the theoret:.cal unde:r:p:.nnings of the model, there has been
J.ncreasing disgquiet over the statistical inaccuracies of the conventional
procedures, and the difficulties of fitting the model components 4o
observed data {Robbins 1978). More recently, the question of forecasting
errors has also Teceived attention; Gilbert and Jessop (1977) argue
that "due to the increasing inetability of the relationships over time
© it would proba.bly not be worth using this model to provide forecasts
more. tha.n, say, ten years aheaﬁ"

The common . eonclue:.on of all thele arguments is that there is a
need to improve the 'behavioural' basis of the model. It is in thie
‘context that interest has recently focussed on travel 'budgets', the
'amounts-offmoney end time that the individual allooates to travel.

1.2 The euggest:.on tha.t foreca.sts o.f.' travel patterns might sensibly
'commence with direct foreca.sts of total amounts of tra.vel (to be made
by different population groups) was first made by Tanner (1961) on
the basis of the- empir:.ca.l evid,eme he assembled wh:l.eh pointed towarda

© a consta.ncy of genera.l:.eed expend:.ture (time spent 'being' given an

estima.ted behavioural value and added to money coeta) of travel for the
" :.nha.bita.nts of dii‘ferent aveas, at any time, after allowance had been made
for income differences. However, thie apparent constancy of travel




exyenditure.did not appear to hold for different individuals, nor

. even for the same individual at different times or similar -
individuals at different times. There was clear evidénce of large
and systsmatic ‘variations ln total travel as between the ‘Sexes,
different age groups and lo on, as well a8 between dlfferent ‘income

 groups.

i, 3 Broadly speaklng, two approaches have been lnvestlgated es ways

of 1ncorporat1ng con81derat10ns of the 'budget' dlmensions of travel

in forecasts. The first approach is to treat the budgets as overall

constraints debtermining the amount of travel effectlvely replaclng

the forecasts of trip ends with forecasts of travel. The constraints

may be elther fixed at the outset, as demonstrated by Tanner (1961),

or allowed to vary in response to changes inzthe costs sf’trsvel, ag in

-the later work of Zahavi. (1977), in which there is an explicit recognition

of the cireularity or feedback between travel costs and travel budgets.
The seésﬁd‘aﬁproach treats travel psfterns ﬁithin'the context of

activities in general, inevitably at the cost of considerable extra

comﬁlexity. Various models have been devised in the attempt to make

full and explicit recognition of the imﬁortaﬁce of the timing and

duratioﬁ of journeys linking activities in different locations; a

summary of the different sorts of model within this stream can be found

in Morris and Wigen (1979). This approach to modelling travel behaviour

makes no agsumptions about travel budgets, although assumptions about

the allocation of time to more bagic activities pley a central role.

The allocation of time to travel is then deduced from the travel

patterns necessaxy to accommodate the requlred actlvities in the chosen

locatlons.

4 third stream of recent research which is particularly relevant
to ‘the consideratlon of travel budgets involves the development of
idealiged represeniatlons of travel based on a 1im1ted number of
simplified assumptions. (Goodwin (1976) and Tamer (1979)).
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1.4 This pa,I_ier sets out to review the empirical evidence about the .
role of travel budgets as determinants of travel behaviour, together
with the development of the ideas about models'based on travel budge‘bs.
Weré such models to be adopted, they would replace such conventional
models as .address all travel, regardless of mode, purpose or routg.

 In fact no such models exist.. If walk trips ave ignored, on the
a.sm:mp'bion that they can be treated separately (Daor and Goodwin (1976)),
it ig the generation/dlstrlbution-modal split/assignmen‘b model, that
“would requ:.re alterat:.on. '

; The rema.inder of this pa.per will be set out J.n four sect:.ons,
_ which will in turn consider:

1)- the evidence for the nature of travel budgets from UK data;
ii) +he evidence fron data from other 'developed' countries;
| 1ii)  the aims theory and implications of the various modelling
_ ‘.a.ppro'a.ches, and lastly - |
iv) 'summa:r::l.se such outsta.ndz.ng issues as can be identified
.. from the above.

2. EMPIRiCAL EvInENcE FOR mﬁaﬂEL BUDGETS FROM UK SOURCES

2.1 Restr:.ct:.ng a.ttenta.on to the level of the two a.va.ilable measures
of overall travel, total money expenditure and total travel time
expenditure, a number of national surveys and case studies of
particular individual areas provide evidence for the nature of travel
bé_ha.viou:r:. The following sources will be used:

a) The National Travel Surveys of 1966, 1972/3 and 1975/6;
‘ b) The County Surveyors' Trip Rate Data Bank, for 1974 a.nd 1977,
¢) The Family Expenditure Surveys (1959 onvards);

d) " The Reading Activity Survey (1973) (see Shapcott (1977));
e) The Anmmal Abstract of Statistics (various years).
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Total travel time Wiil be takEnlto be -all reported time spent on
travel, inclusive of waiting time and walk trips. It is'to be expected
that there will be differences in the accuracy with which .different
surveys record the various component. parte of- travel, as well a8 -
definitionsl differences such as of the shortest trips to be recorded.
Any detailed comparison of. the dlfferen$ studles requlres an extremely

- careful process of adjustment and allowance for such dlscrepancles.

For the present purpose of draw1ng together the broad patterns of
travel behav1our, the definitional problems hame been ignored, and as

~ a result, comparisons of the absclute levels of expenditure of time or

money between different surveys should be made only with con31derable

. . caubion, if at all.

- Two different definitions of 'mbney expenditure on travel'! will

. be: considered. Pirgtly, we can consider the total outlay on transpdri

-related items, covering current expenditure on vehicle maintenance

-..and running, bus and train fares and also the net outlay on the purchase

"% OF ALL EXPENDITURE

-of vehicles. This latter item represents the difference between the

- zeceipts from sales_and the expenditure on purchase. Secondly, we can

-restrict qonsideraﬁion to the expenditure excluﬂing the net outlay on
vehidlé purchase:bn thé'gmounds thaf by so doing we achieve a definition
of a 'budget' which is more directly related to the quantity of travel
ﬁefformed_rby;the hquSéhoids; thie is 1éose1y called 'current'
e:cpendituré oﬁ tra.vei below.
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AVERAGE EXPENDITURE ON TRANSPORT+ VEHICLES/WKI(E)

. Pigure 1 presents the expenditure on both ‘current' travel costs
and on total travel costs, as a % of all expenditure, from successive
Anmial Abstracts of Statistics. Both series show a clear upward trend;
overa.ll, the 'current' expenditure is less subject to fluctuations
about this trend.

2.2 In a detailed analysis of household travel expenditure, based on

. the Fémily Expenditure Survey, Mogridge (1967) has demonstrated that
the fluctua:b:.ons in the overall average percentage of total expenditure
'allocated to tra.nsport concea.ls a rema.rkably regular pa.tte:m in
expendi‘bure habits. ‘ |

Using the results of surveys in

o 1953 and 1963, Mogridge plotted house-
0’ ' hold expenditure on transport against
,b,g’b - total household 'disposed income', or
‘ ol : total expenditure, and demonstrated that
50t e )%xo : ‘the relationship between the two was
| %03’6 - very similar in each of the years. In
o X o Figure 2, the appropriate points for
h . .: | | - 1973 and 1976 haje h_een ‘added, and it -
0-5% . ' CURREﬂT PRICES may be seen that the same relationship
. % S
e . _ _ pergists in more recent data.
o 01953
e . *1983
- o om
i‘f 20 100

AVERAGE HOUSEHOLD WEEKLY EXPENDITURE(®)
Figure 2 The Relationship between Total Expenditure and
- Transport Expenditure; EES. data

In a later paper, Mog':r:idge (1977) examined'the expenditure patterns
of car-owning and non car-owning households separatelys over the years
1971 to 1975, _du:cing which ‘9;1.1 prices' rose so sharply, he demonstrated

" that the #of disposable income allocated to total car operation remained

. virtually constant, as a result of a compensating reduct:.on in ou-l;lay on -
~vehicle purchase offsetting :r::.sing running costs.




The proportlon of household expendlture allocated to public
- transport, on the other hand, varled over tlme "presumably with
respect to serv1oe and fsre levels“ . The varlatlons and trend
illustrated in Flgure 1 are thus to be interpreted as the result
of changes in the overall proportlons of households ownlng cars
' together with variations in the costs and quality of publlo transport.

2. 5 A reourrlng problem for the 1nterpretatlon of survey data
describing travel behaviour is the marked patterns of seasonality
 “and regular day-ofhthe-week fluctuation for which sllowance must
be made. In terms of vehicular traffic on roads, the anslysis of
automatic traffic count data indicates that there is a variation
of something like ¥5¥% in travel as between different weekdays, with
Fridays exhibiting consistently higher traffic levels. Variation
- over the year takes a rather more complicated pattern, with urban
roads showing little regular variation, but inter-urban roads '
. displaying'fairly regular fluctuations, more or less extreme
ascording to the trip_purpose mix that the road carries. {Bellamy

(1978)).
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Figure 3 displays the allocation of household income to 'current'
travel expenditure, as a % of income and as a % of expenditure, for the
fou:c" quarters. 6f 1977, a.nd illustrates the sort of variation that can
be expected. Figlme 4 displays the reported average tra.vel time, in
mimites per person per daar from three surveys,

None of these surveys should be taken as nationa.lly representative,
gince each sampled from atypical populations - however, the overall
patterns are probably rea.sonably tyjp:.ca.l.

Insofar as 'current! expend:.ture on travel and tota.l travel time
can be eq_ua:l:ed with quantity of 'l:ra.vel, there is :Lnd:.ca.tion of variations
of -1096 for seaaonalzty and about the same for d.ay-of—week variation.
Surveys taken over short pe:r:iods and unequally as between days of 'l;he
week could &isa.g"re_e'coﬁsidera'bly for no other reason, and surveys oirer
longer periods‘ will contain an extra dimension of Miability uniess
explicit allowance is made for"b.hese effects.

Another consideration in the interpretation of survey results for
implications for overall travel budgets is the evidence that it is
common practice to plan travel pé.tterns for the whole week, and that
the varisbility of -txfairel times, for example, is less for an entire
week's travel than for a single day. (Goodwin (1978)). All of the
large scale surveys that are available to investigate travel behaviour
have collected details of total travel for only a single day, yet this
may not be the most appropriate period to forecast. '

Crosas-sectional trends

2.4 Perhaps the first reported investigation of travel budgeta is
.conta:i.n_ed in Tanner '(1961); based 6n data for the period 1953/4.
Using information on household expenditure, 'average pl_zblic trensport
fares and vehicle running costs, this study assessed the amounts of
time spent on travel by households in various different area types.
The first and possibly most obvious relationship to be ‘encountered
wag the correlation of expenditure on travel with income level;

for the purposes of area to area comparisons, allowance was made for
this factor. The resulting pattern showed that, after allowance fdr
income differences, the money costs of travel in 'large' urban areas
were less than those in smaller ones, and that money expenditure on




—9-.-

travel wase greatest in rural areas. Using the expenditure data in
conjunction with fare levels and vehicle running costs, an agsessment
waa then made of the distances travelled in each of the three area
types. The conclusion was that the actual average distances travelled
by households in each area'type were very similar, despite differences
in money cogts which arose as a result of uwrban travellers making more
use of publlc transport.

The next gtep in thie investlgatlon was to link the journey
distances to average door-to-door speeds to assess time spent in travel.
The conclusion from this stage was thet-rurél hOuéeholds expended 1east
time on travel of.the'three~area'types, and that the‘lerger urban areas
had the lowest journey speeds and hence the highest expenditure of time
on travel. It may be noted that by using door to door speeds,such walk
trips as were assgoclated with a vehicular trip hawe-beenltaken'into
account in this assessment. However, itripe using only the walk mode
are excluded. This data was combined to measure the overall ‘'generalised!
' expenditure on travel, for a range of values of trevel time (chosen as
zero, then at what is argued is a reasonsble estimate, and 1ast1y at
twice this level). It was found that at the value of time that is
chosen as a reasocnable estimate,. generalised expendlture on travel in
the three area types was virtuwally constent, after allowsnce had been
made for differences in income levela.

2. 5 It is thls last result vhich. 13 presented as belng the moet
-'tlnterestlng and 1mportant conclu81on of the paper. The srmllarlty
_iof dlstances travelled after allowance for income dlfferences, would
”then follow only for partlcular comblnatlons of fare levels, Journey
speeds anﬂ modal splits. '

2.6 The relationahips that Tanner deduced hawe been broadly corroborated
by subsequent surveys. Figure 5 presents the relationship between the
percentage of income allocated to 'current' travel expenditure and
 income levels for the two, years 1976 and 1977, teken from the Family
Expenditure Survey results. (The first two income groups contain very
few households, and the results in these groups should be interpreted
with caution). 1976 income levels have been adjusted o a 1977 level
using a series for the Retail Price Index (see Appendix). The pattern
noted in Tanmner persists in the latest figures -~ an initial rise in
transport expenditure as a percentage of income, followed by a tailing
off at high income levels.
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Figure 5. Household Income and Expenditure of Money on Travel -

2.7 Figure 6 displays the_ relationship between total time spent
travelling and household. ihcome, ag found in the National Travel Surveys
of 1966, 1972/3 and 1974/5, together with the same relationship from

the Gounty Surveyo:es' Tr:.p Ba.te Da'ba Bank for 1974 and the Reading
Actlvz.ty Survey from 1975 The actual levels from the last two surveys
are not necessarily compa.ra.ble with each other, nor with the N.T.S.

- data, in that neither were based on nationally ‘I;y:pical gamples. (The

: major difference in each case is the geographic coverage). However, the '
pat'berns are ge'ne:r:a.lly' similar in all these surveys; as might be expected,
time spent tra.velling increases with income level. There is some sugges‘l;ion
of a tail:n.ng off at hJ.gh 1evels of imome, ag with the expenditure data in

© Pigure 5.
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2.8 Figﬁre 7 shows the relationship between time spent tra.vellihg and
income per head, taken from the CSTEDB for 1974. Excluding the last
income point, correcting income for household mize seems to é-tr_eng‘then
the direct proportionality of travel time with income over the range
examined - i.e. up to about 100 minutes per person per day. Teking
the last income point into consideration, there is evid_ende for a
tailing off of the ave:fage time spent before this level.
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2.9 The evidence for the variation in travel budgets with area types
from the Family Expenditure Survey also broadly agrees with expectation
on the basis of the relationships that Tamer deduced. Figure 8 displays
the average expenditure on current t:‘r:ansport' costs as a percentage of
income and of expenditure during '76 and '77, for the seven regions
distinguished in the FES, and shows a general increase in allocation

~ to travel costs rather less than proportionsl to mean regional incomes.
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2,10 Pigure 9 uses data given in Tenner (1975} and Goodwin (1975) from
the National Twavel Surveys of 72/3 ‘and 75/6 to illustrate the relation-
ghip that has been found between total time spent travelling and population
density (plotted on a log scale). Generally, density d.o_eé not seem to
affect trairel time much, although of course no correction has been made

for income differences in this data. The trend is one of slight o

increages in 'time! as density increases, similar to Tannmer's results

[

3
 LOGyq [PIkm?].
NTS1
EENR IR
Figure 9.- Gross Rasidential- Density and Expenditure of T:me on Travel .
© . Figures 10, 11 and 12 use the information from the County Surveyors
Trip Rate Data Bank o provide some more information about the variation
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Once again, conclusions are difficult without correcting for
income levels; however, ignoring this difficulty for the moment,'
Figure 10 could be taken to confirm that grouping areas by housing
density, like grouping by population density, has 1little effect
on a.verage travel times with the high density group exhibiting the
highest travel times and the low density group the lowest. Figures 11
and 12 on the other hand, suggest that a grouping on the basis of
'de~facto' area type might have more effect in showing up a systematic
variation of average travel times with area type.

2.11 The process of linking the evidence for travel costs from national
statistiea.l sources to the informtion e.beut travel from large surveys
such a8 ¥.T.5. has been used by Tammer and Goodwin to allow the
estimation of the moﬁey expenditure and the generalised expenditure

on travel by indivj_.dﬁa.ls within different area types, where Vresidential
density is used to differentiate area types.

~ In brief, the trends exhibited in the 1953/4 data examined by
Tanner persist in later surveys. There is a slight increase in travel
timee in areas with higher res:.dent:.a.l dengities, whereas the trend
is reversed for money expenditure. Weighting time apent by a
'realona.ble' estimate of a behavioural value of time, and combining
these two costs to a generalised expenditure suggests that the average
generalised expenditures on travel of people. in areas of different |
reeidential density are a.pproxmately equa.l (Tanner (1979) and
Goodwin (1975)) '
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Trends over time

- 2,12 ' Other than the evidence from the various large ‘scale national

gurveys such as H.'.I.'.S., for which comparisons are made dangerous as
a result of ineompatabilitiee. of definition and approach, virtually
‘the only evidence for the trends in"traﬁvél""bﬁdgets over time has
been produced by Tarmer (1979), on the ba.e:i.s of estima.tes of

‘ -expend:.ture, travel m:l.leagel and speeds by different modes. Figure 13
demonstrates the fairly etea.dy increages that have taken place in the
" amounts of tJ.me, 'ourrent! traneport expendlture and total traneport

‘expendlture over a. 2% yea.r perlod.

} §3 §4.05 60 67 68 69.70.71 72 73 T T5 76

YEAR

¥—X ALL COSTS 1970PRICES '

0—0 PETROL AND QiL COSTS ONLY 1870 PRICES } TANNER -
O--O TRAVEL TIME, ALL MODES

The effect of+ pergon and household characteristics

"2 13 Prev:l.oua sect:.ona have presented the main ‘body of evidence about
overa.ll va.ria.t:.ona J.n t:l.me a.nd money expendituree on tra.vel, ag between
e.reas of different resident1a1 dene:.ty, between different inicome groups
and, over time. Ana.lysis of the l'a.rge lca.le travel surveys has revealed

that there are many other factors which affect “travel budgets. Most
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analysis of the influence of personal and household characteristics

on 'l:r_a.vei beha.vio_ﬁ:r: has c_oncentra.fed on_' time expendi'bﬁre, principally
ag a result of the _spa:séneals of evidence for money outlay on a 'per
person"' basis. As far as time expenditure is c'oncerned, cross-.
ta.brula.ting survey results reveals 1arge and systematic variations. in

' tra.vel time a.s between dlfferent age groups, different socio-economic
groups, ‘men and women and so on. (Shapcott (1977), Prendergast (1978),
‘Williams (1978)). Heggie (1978) has suggested that an important
consideration in determining individual travel behaviour is the 'stage
in the family cycle' of the household to which the individual belongs.
There is gome conflict in the evidence for the effects of different ,
factors, perhaps due to real differences in the areas to which the data
refer in different surveys. Goodwin (1976) interpreted the NTS data -
from 1972/5 a8 demonstrating a vafia.‘bion in travel time for individuals
in households with different levels of car ownership, after allowing
for the effects of income. Bullock (1979), on the other hand, presentsl
a table rela:ting to the Reading survey (Table 1) which shows that, for
this da.ta., car-ownership appears to have li'l:tle effect on time spent,
although employment status clearly does.

Table 1 Total Hours Per Da.y Spent In Tra.vel
B (survey in Reading, 1973)

o Eﬁiployed 7 S

_ Men _ women - Housewives
With car 159 147 | 0.81
Without car .51 ) 142 0.93

2,14 ' A difficulty with 'thé in'berpretation of these resuits is that

. many. of the ba.ckground va.riables, Buch as income, age, car—ownership
and household s:.ze, are closely interl:.nked and thus that it is
necessary to consider a.ll of the possz.ble ini'luences amul‘l:aneously in
order to aveid a.ttributlng a gingle ei‘fect o ea.ch of a mmber of
connected background va.r.’_L:a.bles. '
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2-'.1-5 A convenient' solution to this problem ig to use a dummy

_ fariabie (least squares) :cegression to select the most suitable grouping
by fltting only such effects (i.e. :l.ncluding' only such background

va.ria.bles) as can be demonstrated to be sta.t:.st:.ca.lly significant in
the sense of being dietiagu:.shed from zero at. some:chosen I_I.evel of .

significance. There are still some difficulties with this approach,

< in particular in the measurement of standard errors being based on an

,assumption of constant variance in each group a.nd consequently being
more or less a.pproxlmate, a.nd also in the choice of mod.el spec:.f:.ca‘b:.on,

Cin tha:l; it is d:l.fficult to0 f:l.t all possible J.nteractz.on tema so that

" & choice must be made as to which to leave. out. However_a a tool: for

: explora.tory a.nalysis these are no‘b gerious problems. o

2.16 ' Such an analysle ha.s ‘been performed on the CSTB]}B for 1974
_The total travel time reported by 10280 individuals was modelled as

a function of sex, age, Job, household eitﬁation, household car—
ownership and household income per member. Table 2 sets out the groups

.| that were .defined using these varisbles -. a star.indicates the _g,_r:ciup

relative .'bo vhich the effects of other groups were measured, so that
the constant in the regression is the fitted average iravel time for
" males, aged --"25_759' Years, in_a.__non—fprofesaional occupetion_, in house-:-
holde with income per member between £750 and £1,500, located in
ceﬁt:ba.l urban areas and owning one car. The various altermative
grouping to this were jud.ged to be 'favourable' or 'unfavourable'! in
terms of having higher or: lower average travel times; these are
'labelled ' opr 'U! ag appropriate. The model gpecification then
included all first and second order inte::actions, the 'F! group, and
the 'U' group; dummy variables were also included to measube the
effect of day—of—the—week variation. The final model was as set out
in Table 3.
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Pable 2 - Bagis of Model
Variable
: ) . Income/ [~ - Car-
Sex . Age - [Occupation | - person | Location ownership Day
S . —TT —

Male [U| 5- 16 |*|Non-profJu |Low =~ [¥| Urban [U|0 Car - Mon.
U| Pemale|F[17 - 24 {F|Prof. = [*|Med/low | | Subuxb [*|1 Car Tues.

#125 - 59 |Ujother Med/high| |Small town|P|2+ Cars | | Wed.
Uhver 60| | High  |0| Rural o Thurs.

- o ' S Fri.

- (For exact definitions, see Gumn:(1979)).

Table 3

(Thus, for example, the ei:pected Monday travel time of a 2% year old

Pitted Coefficients (all statistically si .
Varisbles = |Co-efficient |  Interactions Co-efficient
Sex .. Female - - -8 17.24 x Prof. =17
Age - 5-16.. | - -8 _loy cars x Prof. 411
1T =24 i 415 - 2+ cars x high income - +3
L OV€Tge0 | =11 Female x (old or young) +6
Occupation Prof.. S .. +1%. : |Pemale x rural ' -5
B Other - . | =13 }17.24 x Prof. x 2+ cars | - =35
‘Location . Suburb. - | .43 o o ' '
Small Town | =T
Income Med/high : +8
, .High +20
Day Wed. | +5
Thurs. +6
Fri. +14
Constant = 66 . R®= .083 ' 8.E. of estimate = 57.7

professional male from a suburban household with medium/high income pei- ‘

head (income levels as defined in Gunn (1979)) and less than 2 cars,

can be calculated as

(66 + 15 +13+ 3 +-8 - 17)

= 88 minutes)
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The GSTBIIB refere to & ea.mple of households which was specially
selected J.n areas of particula:r: interest for trip generation reasons, and
as a :r.'esul'l: is d’.ypical of the national distribution of households by ares

_‘type. (Coverage also omits v:l.rtu.ally all of the South Eastern region
 of England) However, if it can be assumed that the bias is solely due
o to ares type, and that area tyjpe can be’ reaeona.bly described by the
o clase:l.i'lca.tz.on into urban cen'bral, eubur‘ba.n, rural small town and rural,
‘ then this atyp:.cality of the sample frame will not invalidate the results
| as s‘ha.ted since explicit allowance is made in the model’ fo:r: area type.

Ta.ble 3 :Lnd;-.ca.tes the rela:l::.ve importa.me of the eoffects that have
been lz.sted above. Age group, income level and occupation type emerge
as the most mportant ca.tegoriset:.ona, all producing ranges of variation
.o:E' about 20 to 25 mim;tes_ travel per dey as between the most active and -
‘the least active group in each category. There is an interaction term
between age and occupation; individuals who ‘are members of the most
active groups on both categorisations do not travel appreciably longer
than menbers of just one or other group, all other things being equal.
The largest coefficient in the model refers to the fairly emall g:r.'oup of
individuals in the most active age group and occupation type who also are
members of households which own two or more carsj this group exhibited
higher travel times than the base (assuming that they all also belonged
to the high income group) but only an amount higher roug:ly comparable
t0 members of any one of the most a.ct.we groups, all other th:.nga being
equal. This effect is equive.lent to a 'sature.t:.on' phenomenon- Goodwin
(1973) has suggested models of travel time ha.sed on s-shaped cu:r:vee
between the upper and lower 'sa.turation' 1evels.

. Apa:r:t from these effects, the regreesion equation also ind:.ca.'bes
that women tra.velled for less {time tha.n men, on average, and that women
in rural househol&s travelled leeaer amou.nts again. II_1 general the
‘effects of location were much smaller than the,effecte_ of-_persena.l or
household characteristios, with the pattem of figure 11 above persisting
even a.fter the removal of the other effects. Travel per head was least,
on average, in small towne, and most in aubur'be, there‘ seems a simple
‘interpretation in terms of access:.billty
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No firm conclusions can be drawn on the ba.sis of this exploratory
a.nalys:.s alone, but the general resulte are :m agreemen‘l; with similar
exerc:-.ses, and. it is interesting tha.t there J.s no austification for a
' _ca.tegorisa.tion into car-ownerehip groups, a.fter allowa.nce has been
'made for the other effects, as appea.red 'bo be the ca.se for Rea.ding.
(However, it ie likely tha.t a ca‘begorisation by a.ctua.l car availability
~ would be more ei‘fective. Sz.m:l.la.rly there is ecope to explore different
- defimtions of the income and occupation ca‘begories. These modificatione
are the subject of cu:r.'rent research) o

-The time series estimates of travel time per head cie_rived by
Pammer show a steady increase from 1953 to 1976, to about 15% above the
: 1955 level. The simple crosa—sec'bional model could only accomod.a.'be
B such a trend if there were corresponding changes in the percentages of

_the population in the groups which have been identified as ha.v:.ng
distinet difi‘erent average travel- time chara.cteristics, with a net
movenent into the more active gToups.

It is clear that some changes ha‘ve taken. pla.ce vhich. might tend
o produce higher average travel times under the simple cross—sectional
model ~ growth in real incomes being probably the most important, with
‘changes  in’the pércentages of population as between occupation groups
 and” betvreen dii‘fe:cent age groups also quite marked.

o Table 4 sets out the ehanges in percentages of UK population“in the
ma.le/i'ema.le, age, income and employment categorx.es that were" distinguished
.‘ 'for the preliminary analysn.s of the CSTRDB, as between 1961 and 1976,
toge‘bher with the weights or co—effieients wiiich would determ:.ne the
effect on average tre.vei_l. times a.ccord:.ng to the model.

*Jonverted to the equivalent of £1,500-£2, 500 and > £2,500 in 1974

prices by deflation by the RPI.

 Table 4  Percentages of Population i Different Categories: 1961 and 1976
United Kingdom | 2961 | 1976 | % ('61-'76) | Weight Effect
~ Male - | 48.3 | 48.4 T . '-

Female - | 5..7. | 5.6 | .-0.1 | -8 | +0.8
5-14 16,6 17.5 0.9 8 | 7.6
15~24 14.5 | 15.5 41,0 - 415 +15.0
over 60 18.6.. .| 21.2 +2.6° -11 -28.6

Income ' — .
"~ Med/high* 7.2 19.7 $12.5 48 +100.0
High* 1.3 3.7 +2.4 +20 +48.0

127,
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It may be .seen that the three factors considered here would - imply
*-an increase in average ‘t;'avel tiine, of just over one-minute, if all other
factors were equal. This is much lower than Tanners estimate of a 5
- minute increa.se,;i.n. average travel -times over the same period, but it
ghould be noted that it is likely that the income effect is considerably
under estimated;. the CSTRDB is hiased towards sﬂmbaﬁ'hoﬁgéhéids.. The

. four broad 'i_nc_o'me' hande chosen to analyse income ef.t‘eci;,e wi‘th_in)tliis
data set are clearly unsuita.b_le for national purposes; the medium~high
and high categories contain together only 9% of the 1961 -houeeho].de,

. and 2% of the 1976 households. It is unclear what effect trends in
occupation type would have, but here again the three categories used
for the explora.‘blon of the CSTR])ZB would eerta.:.nly not be the most
eulta.ble for a national. analyels.r

. However, this exercise does.serve fo 111ustrate some interesting

. trends in the national average travel time, if the CSTRDB weights are

. at all reasonable. Firs_jbly, - the 'va:cia.t'ions in the percentages of males
and females in the population are trivial at a mational level. Secondly,

the -agg:r:egate effect of. the shifting proportions in the different age
groups has tended to. decrea.se average travel time, mainly as a result

of the inecreased proportion of over-sixties in the popula.‘bion.* Lastly,
even with the evidently sub-optimal choice of income groups (for this
purpose) it may be seen that the most important changes by far ‘Have

been in the levels of real incomes, and that the net effect of all these
changes has been to produce an increase in averags national travel time.

" There may be scope for exploring 'modele similar to the one described

_a.bdfe, a.nd perhaps for considefihg ihsonies relative to travel costs
rather tha.n to the Reta.:l.l Pr:i.ce Index, or even allow:.ng cha.nges in

real 'bra.vel costs to ha.ve an effect distinct from cha.ngee in :r.'ea.l

':l.ncomes.

3. . EMPIRICAL EVIDENCE FROM OTHER COUNTRIES -

The da.ta, from countmes other than the UK derives moetly from

. gpecific case mtudies, rather than from large national surveys. As
such, virtually all the dsta relates to small regions, and usually to
cities. Although there is 'no scai-city ef such case studies, very few
record all travel; most are concerned with 'mechanised modes' (i.e.
excluding walk and cycle 'trip) and many deal only with private vehicle
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trip making. Goodwin's anslysis of the N.T.S. hes demonstrated that

- walk and cycle trips ‘accournt for eomething 1ike 50% of all travel time
in the UK, ahd further that. there are eystema.tie differences between

3 the amounts of time alloca.ted o such tra.vel .as between areas of

S different residentia.l deneity. Even though it seems that there have

" been no ‘important trends in'time spent walking and cyeling in the UE,
at least at the national level (Tanner (1979)), the Beading data |
_analysed by Downes and Wroot (I974) do suggest that it is necessary

- . 10 .consider these modes for the inte‘:lr‘-'plf"-‘ta.tibnuof'time:. series data
a8 well as for cross-sectional data, in that there was evidence of a .
compensating reduction in time spent walking and cycling which offset
apparent increase 'in travel time based on meelmhieed modes 'e.lene.

3.2 Clearly the proportion of overa.ll travel t:.me spent wa.lld.ng

* or cycling varies from country to country, and from avea to area within

" any country. In some countries it may be perfectly reasonable to

neglect these modes altogether. However, it seems da.ng_eroue to assmme

" 'that trende and relationships based on travel by mechanised modes alone

. can be given any general 'beha_w_rioura.l' interpretation. For the'purpoee
of-'dra.wiﬁg- comparisons between travel in different eountrie_s, or: even
different regions, it eeeme‘m'ecr-:ff!ea.r,g.r to include all modes; this

- drastically reduces the amount of data thatare available for consideration.

‘.'.['ra.vel e:_cp_enditurg . ,
. De 3 Imlividual differences in income levels a.nd dietribution, and

. the, 'eoste' of. travel by d.ifferent modes, as between different countries

~ make deta.iled comparisons of money expenditure on travel difficult.

) A'The da.ta. presented by Morris and Wigen (1978) for Australia.n householde, '
for example, illuetra.tes tha.t expenditure on tre.vel is d.irectly related
0 horusehold :meome, but as a percentage of - either ineome or total '
expenditure is lowest in the lowest income groups and highent i'n the
middle income groups. This is the sanme pattern as is revealed by the
data analysed by Tanner and Goodm.n for the UI{, however, the absolute
levels of expenditure are very different, with Australian. houeeholde
 spending a far larger proport:t.on oi‘ their income on travel than UK

households. - ‘ ' ‘ '
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5+4 = 0i and Slmldiner (1962) repor'b an a;na.lysis of household
expenditure on travel based on three surveys of US cities made in 1917/
19, 1935/6 and 1950, Which discovered the same pattern described above
in the rela.t:l.onsh:l.p 'between percentage expenditure on tra.vel and overall
expenditure. Interestmgly, they also demons'bra.ted that ‘there wa.s
evidence for a time trend of increasing travel expenditure over a.nd

. above that to be exjpected on the grounds of mcreas;.ng real wea.lth,

'and strengthened this concluslon by further a.na.lyais of- time series
data relating to the period between 1929 a:n.d 1957, 'l;his is in agree-~
‘ment with Tammer's conclusions for the UK.

3.5 0i and Shuldiner then examired the variations in travel .
expenditure between different cities, and different areas. By analysing
. $ravel expenditures in conjunction with housing expenditures, they
conclude that there is evidence that an 'adjustment process' takes
place, in which thigher- income families move to locations where the
rent per unit residential space is lower. Such an adjustment usually
. .entails a congiderable increage.in travel demand...! They also .
‘concluded that residents of 'small' cities spent & larger proportion |
of their income on travel than did residents of ilarge' cities, even

- when expenditure on public transport was gimilar. i{Ehis would. aleo

. be true of overall Ttravel .consumption' since'vehic;_l.e_ operating costs
‘per mile did not vary much between cities).. . |

) Travel T:Lme : . : _
3.6  Godard (1978) repo:r:ts an extensive analysis of data from Tepeat
surveys carried out in French Ci'l:ies.. The data relates to all travel,

| 'exclud:.ng travel by children under 5 years old, “on weekdays, and

comprises a single days travel for each respondent. The timing or

“@uration of the surveys is not :‘cecdrded, unfortunafe_lyr Figure 14

" displays the overall variations in Travel Time per person for each of

T cities taken from the report. Godard concludes that there ig no .

" constancy of travel times as between different citiél (as had been

 suggested by Zshavi (1977)) and further, that for any given city

the Travel Time Budget can hardly be rega.rded as. sta.ble over a period

of time, unless a margin. of 10% to cover poss:l.ble survey exrors is

cons:.dere& accepta.ble“ et
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_Figure 14, Changes in Average Travel Time in. Vapiaus Cities betmn Ditferem Pér'iod;

" 10% may well be a realigtic 'survey error' if the surveys were

" carried out at-different times of the year, given the evidence for

the considerable seasonal variations that- cha.racterise travel. However,

" 'the  actual variations in the tremds for the cities are sbout 10%,. some

‘‘iricressing and some decreasing, one remaining virtually:.constant. This
could. result from a % survey variation, not 10%, since the ermor would

"~ attach’ to both surveys. This seems to leasen the force of this evidence .

as counter-example to the temporal stability hypothesis. At any rate,

no allowance has been made for changes in real incomes, or any of the

. .other background variables which affect travel behaviour, so nothing

...can be inferred about the stability or otherwise of personal travel
‘budgets, defined as the average travel times of homogeneoua groups of
individuals. B I |
3.7 -~ The variations in two of the cities, Marseilles and Rouen, are

" analysed in more detail, with some surprising ¥esults.  In Rouen the
-overall average trdavel time:in 1973 was virtually identical to that |
%1968, although there had been sizeable:(and offsetting) changes in
trip rates and average trip times. There had also been some increase

*'in the % of respondents who make trips on the day of the survey; (in

fact the trével tinie ‘=budée1;s of travellers; as opposed-to all respondents,

varied even less). However; when the data were grouped by such background

variables as age, sex, employment status and household size, offsetting

trends and varistions as between personal travel time budgets in the two

years became a.ppaa."ent. The different car-ownership groups, on the other
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ha.nd, he.d re'ba.ined. 1ndiv:|,dually oonstan‘l: t:une budgets. The need to
:'I;rea.t 'bhe mass of rela.ted background va.ria.bles sinmlta.neoully has
'alres.dy been noted, but there does geem to be 1nd.:|.cation of a lack
of stab:l.llty in pe:r:sona.l travel 'l;:t.me budgets which mig:ht suggest
tha.'!; the resul‘l::.ng 'consta.ncy' of the overa.ll a.verage is co-inc:.denta.l.. '

3_.8 ~*In Marseilles, on the othe:r; ha.nd, average traVell times in .
1'9'7:6 ‘-were'm'a.rkedly different from those in 1966. A 15% deor_ea_.se was
observed in the overall. average, and the decrease in trsvel .time |
amongst ‘brip—mskers was -even more pronounced. ~ The deorea.le :I.n trevel
time .coincided with slight inecreage in trip rates and a. marked
reduction in average trip times. Interestingly, the _reduotion- in
average times was not linked to improved network speeds, but to the
com'b:.nation of a shift from public transport to cars a,nd a reduction
in the m:mbers of workers returning home for 1unoh. God.a:r.'d concludes
tha.'l: 'bhe evidence of the I'Is.rseilles surveys “ra.ises serious doubts as
to 'l:he valldity of the sta.'ble !f.'ra.vel T:Lme Budget conce;pt..

5 ;3.93- . Further snalysis of these two cities reveals rela.tionsh:.ps very
-gimilar to. those found in UK data sources. Travel time is closely
related to income level, but at the highest iﬁcome levels there appears
to be a reduction. Age, sex and ooeupa.tlon differences ha.ve sim11ar
'ei‘feots to those found in UK surveys; in general, Gods.rd fou.nd that
personal characteristics were more s‘brongly correla.ted with travel
- - time than were household characteristics. The_d.iffererit car-ownership
ca.tegories also showed clea.r differences in travel times, with average
times increasirg with the number of vehicles owned. However, as

- Godard notes, car—ownership is strongly. correlated with income, and
. it may be that a single effect is seiﬁg"‘atfribﬁi‘:‘ed to each. It is

. interesting that the category of people in households owning three
‘or more care in the Marseilles survey showed lower travel times than
those in the two—ca.r—owning group. This may correspond to 'bhe down-
turn :|.n tra.vel times. a.t the highest :_ncome levels.
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3. 10 Gollecting the results of a m:mber of other recent surveye
in French cities, Goda.rd concludes that there J.a no ev:l.deme of any
consta.ncy of travel times for dii‘ferent cit:.es, a.nd. tha.t in g'enera.l

the ’I'ra.vel Pime Budget tends 'l:o :anrea.se with urba.n size.

OJ.a.nd.

Shuld.:.ner ha.d concluded that the dlsta.nces 'bravelled. were greater
for citizens in the smalle:r.- of the Americen cit:l.es tha.t they studied-
_this trend mey simply not hold in French -cities, ‘or ‘the. effect of
ity =ize on congestion and thereby speeds may offset the reduced
‘digtances travelled. The time spent walking or cycling would also
complicate the comparison since 0i and Shuldiner werse considering
only"‘mébhanised"mddes. Godard rejects the hypothesis that travel
time budgets vary with distance from the ci‘l:y cent::.'e, based on the
‘evidence of the Marse:.lles and Rouen surveys.

‘3 11 ~ The dlfferences in a.verage time a.llocated 'I;o travel be‘bween
_ _.dlfferent cities is further illustra.ted by the :r:esults of m:rveys

held in two Australian cities, Melbou:me and Albury/Wodonga. J.n 1974.
These surveys are discussed in Morris and Wigan (1979); at ‘the

level of overall daily average travel times, Table 5 may be compared
~with Table 1 to illustrate the similarity of the patterns, irasmuch _

' 'és men travel for’loﬁger peridds than womén,"

and employed women

travel for longer than housem.ves, for both of these cities and fox

Rea.ding. _However, the average times are all much lower in the smaller
about § to ¢ of ‘the
"average times in Melbourne. This is the same trend. a8 vas fou.nﬂ in the

cit;v, Albury-Wodongas . in fact they are oniy

data rela.tlng to French cities.

Total daily travel (mimutes).

Employed females

| Employed males - Housewives.
Mblbourne‘ S R S 8 53
Alburthbdonga . 62 54 N

Table 5 Travel Times by Sex and Occupation: Australian Data.
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3.12- Information on travel budgets within the context of overall
a.ct:.vity time budgebts was collected for the Netherla.nde in 1975
- (WvI (1978)). During the month of October, a.pproxima.tely 1100 people
recorded their a.ct:.vit:.es ‘over an _entire week., Using the resulting
data, the NVI estimated the overall average daily travel time at
approximately 70 minutes. It was concluded. that car-ownership or
availsbility was not an important influence on travel time budgets
in this data set This result was ‘based on an analysis using a technique
designed to select groupings on the basis of maximising expla.natoi'y"
power at each stage of a number of binary splits (A.I.D.).: This
technique selected divisions which broadly correapond to employed/
_not—employea as the first stage, and then divisgion of the unemployed '
into schoolch:n.ldren and .others, a.nd of the employed. into oocupation
‘ ty:pe‘. ~ The degree of urbanisatlon was also an J.mportant grouping
variable. Hav:r.ng removed theee effecte, car ownersh:n.p did not a.ffect
travel 't:l.mes. The relatlonship between travel t:.me and eJ.ty gize |
which ha.s 'been found in French e.nd Austra.lia.n cities also holds in
Holland; ‘in general, travel t.unes are longer +the 1a.'r.'ger the city
The a.uthors o:E' th:.s report also attr:.bute th.'Ls result to congestion
effects.

3.13 . TUp to this pomt, we have del:.bera.tely excluded from: cone:.dera.tion
all information on travel times and expenditures which did not relate
to all people, whether or not they reported any travel, and to all
modes, whether or not they entailed money expenditure. This was due
to the difficulties in the 'behavioural! :Lnterpreta.tion of a theo:r:y
vwhich postulates predictable travel per traveller whe.tever cha.nges
might take place in the proportion of the population which travels on
-any given day; it simply seems so much more 1ike1$r that a restriction
on the mmber of days in the week on which travel is undertaken will
result. in a desive for more travel on.the remaining days, and that.
the decision or ability to spread activities involving travel over
more days of the week will tend. to produce . less travel per . .
traveller per day. The d:.fference between the tra.velling popula.tion :
and the total population is slight in many cases (depending on the
time period considered and the definition of travel used, as Goodwin
(1978) has observed), but in general restricting attention to the
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tra.velling population alone does seem somewha.t a,r'b:l.'bra.ry.
At the _same. 'bime, if the ;proport:.on of non—tzavelle:cs is fairly
_sta.ble J.n the popula.tion, the d:l.st:l.nction becomes um.mportant.

3.14 - The highly original modelling work of Zahavi has been based
on the: assumptibn of prediqtable time budgets per traveller and
predictable money bﬁdgets per household (given informstion on incomes
and vehicle ownership)}. In view of the importande of this work," it

is interesting to compare the nature of the relationships that Zahavi-
has discovered for these hldgets with those displayed: by the budgets .
per person described above. w

3.15 Fz.rstly, it is 'l:o be noted tha.t Zzhavi restricts h:l.s theoris:.ng
and mddellz.ng to perceived time, not to actual time. Working with

-bhls deflnltlon, from an a:nalysz.s of tra.vel in Wa.sh:l.ngton and in Twin
Cities in each of two years, he has deduced that travel time (per '_
traveller per day, and by mechanised modes only) is inversely rela.ted
to door to door speeds, flattening out to around 61 mimutes travel
per da:y at h:l.gh speeds. Dlsta.nce from the city centre did not
s:n.gmf:.ca.ntly affect ave:r:age travel times, nor did household size

or car zvailability. Evidence from a'before-and—after'study of a
fr:egio’n- in which a high speed freeway was provided is used to suggest that
he main changein travel patterns to result from improved speeds is that
distances. travelled rise in preportion to the speeda - as would be
suggeated by the approxima:hé constancy of the travel time budgets at |
high speeds found in Washington and Twin Cities. In contrast to the
UK experience (Figure 1), Zahavi has found that the % of disposable
income allocated to travel, at a country level, has remained virtually
constant for both the USA and Canada, over a 15 yea.r periods this
: constancy concealed & compensating variation in the’ allocation of -
money to 'running'! costs and 'standing' coste of vehicles following
the o0il crisis - a phenomenon subsequently confirmed to have occurred
in the UK by Mogridge. Zahavi ':e'mphasisea' that considerations for
travel money budgets should distinguish car-owning households from -
non-car-owning; he'finds that both exhibit stable travel budgets as
between different income groups, 1ocations'and;'-yea:r:s -(which Mogr:l.dge -
did not, for UK dé.ta) but that the absoclute levels are very different,
as is true in the TK. . '
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4. . AIMS, THEORY AND_METHDDS

4.1 A brief sketch of the va:r:ious areas of research which directly

: conce:m the use o:E‘ tra.vel budgets was given in section 1.3, where

three sorts of area were distinguished. Firstly, it has been suggeated |
that direct forecasts can be made of the tamounts' of travel (in’
‘d.‘i'stance,""'bime", cost or generalised cost terms) .and that these forecasts
" conld be used as combrol to-ba.i:, overall constraints :detemining

tra.vél patterns; -secondly, in direct contrast, many writers have
concluded that it is not realistic. to attempt to forecast travel .
=hehaViquc in isolation from activities in general, and that all features
of travel should be considered simltabecusly‘with the ract;‘.vi'bies with
which they are associated. Godard (1978) writes "any attempt to develop
‘explanatory systems will need to include mechanisms for determining
activity schedules and the interaction between opportunity and trips '
undertaken®. Morris and Wigan summarise the pcint,' "Almoat all transport
movement is a derived demand, as, compa.ra.t:.vely little movement is
undertaken simply for. its own sake, The a.c*l::.vit:l.es a'l: the end of -

.and in some cases during - travel are the causa.l factors wh:.ch determine
" the direction, intensity, patterm, t:l.mlng and demand for 'I:ravel of
diffevent. types". (Morris and Wigan (1979)) To some extent, travel

_ budgets are only 1ncidental to such a modell:.ng a.pprca.ch, although
there would be implications for the fea.s:.b:.llty of &ifferent 'l:ravel
patterns in any regularities that could be established in the budgets,
and the overa.ll activity a.na.lysis would have tc consider these. !l.'he
activity analysis approach :.llustra.tes clea.rly the ccmplex:.ty of the
causes and constraints which determine tra.vel beha.v:.our gt the level

of the individual trip-maker, a.nd h:.ghlights 'I;he lz.mita:b:l.ons o:li’ d:l.rect
forecas‘ta of travel demand in te:r:ms of 'sta.ble' tr:.p rates (Jones
(1974))s however, the price of the a.dditional rea.l:.sm that the
approach offers is that it is extremely diffz.cu.’l_t to devise model
frameworks that can be made o work in pra.ctice. (Ha.utzinger and

Kessel (1977)). An interesting a,ttempt to 11::1: a.ctivity analysis
‘congiderations to conventional modellmg procedures is i'eported by

_ the N.V.I. (1978). This exercise linked forecasts of ‘b:.me spent

in activities to time spent travelling asaociated w:-.th a.c‘biv:.'bies,

and then forecasts of trip frequenciea to tota.l travel 'bimes,
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however, it was dlscovered that each stage in the chain of linkage
was fairly weak: (and of course the resultlng product of the stages
., even weaker) '

4.2 - The third avea of research that was - identifled in section
1.3 concerned'the~deve10pment-pf 1dealieed,theoretica; representations
of travel,.baeed on: a few simplified aesumptioﬁs; the:interpretetion
of the implications of these theories for travel budgete_easts”:h;.
interesting light on the nature of the processes by which,'eteblef
travel budgets could come sbout. The remainder of this section will

~ deal with the first and third of the areas mentioned above; the |

"+ activity analysis approach will not be considered further here,
"since,itzhas-not been déveloPed to exploit: the possibility of direct
forecasts of travel budgets. '

4.3 The first reported model structure to be based on forecasts
of amounts of travel was put forward by Tammer (1961), using the
regularities he had found in average distances travelled by urban and
rural dwellers (section 2.4). The result was effectively a singly
"constrained grevity model, in which the constraints usually provided
by a trip generation sub-model on the mumbers of trips produced by
each of a mumber of zones were replaced by a direct assesament of the
' ‘distances travelled by the residents of each zone. '(In fact, this
was taken as a constant mileage per head times the zonal population).
' In the form stated in the early paper, Tanner restricte himself to
.pbpﬁiation'ae a measure of zone 'size! or attractive power, and
dletance as measure of separation, but points” out that these may be
'varled if necessary with llttle ‘or no change to the basic model; -

thus time, coet or generallsed expenditure could replace ‘distance:

if dirveot forecaets of these quantities vere available, for’ example.
The assumptlons underlylng Tanner'e model were that a) the flows

from one zoneé to another could be represented as the pro&uct of-a
unique orlgin zone factor, a unique destination zone factor (taken
as p0pu1at10n eize in the example) and a deterrent function based

on some meaeure of the - separation of the two zones (taken as distance
in the example) and b) that the total dietances_travelled by trip-
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makers leaving the origin zone were determined outside the model.

These agsumptions were sufficient to. determine a form formthe namber
of trips taking place between any two zonés in terms of the populations
{of;the set. of zones under consideration and the distances between each

zone pair.

4.4 - Another model ‘baged on forecasts of tamounts! of travel rather

" than numbers ‘of" trips was suggested by Hslder (1970), 1n thlS paper

it is assumed that the appropriate measure of zonal separatlon is the

" cost of travel between zones and that the 'amounts' of travel that are
determined- outside the model ave the total costs of trips leaking each
zone, and the total costs of trips attracted to each zone. These two
‘qquantities,ere given economic ‘interpretations. The firstfis“associated
with "the demand for transportation" and the second with "a measure of
the power ... to satisfy the primary needs of the community". Given
-these. two sets of forecasts, the final assumption which produces the
model is that any set of individual trips which is compatible with the
-total expenditure on travel that is forecast is equally likelys: every
set of individual trips produces some matrix of trips between zone pairs,
‘and a given matrix of.trips may arige from more than one sét.-of individual
trips., On this assumption, the modeller should choose the 'most likely!
matrix of tripl, i.e. the matrlx whioh arlses from the greatest number
"Jof feaslble sets of 1nd1v1&ual trlps, on 'entropy—maximising' grounds.
Thls eriterion allows Halder to produoe a particularly simple model of

_ flows between zones whloh, he argues, w111 be very slmllar to those
pro&uced by a conventlonal doublyboonstralned gravity model - were the
:trlp ends known. Thus it is suggested that there will be 11tt1e

, dlfferences between thls model. and. oonventlonal models when fltted to
base year data" the main difference is that the forecasts whlch st
rbe made outslde the model are of different quantlties, quantities which,
it 1s argued, can. be nore rellably forecast than trip ends,. . .

4. 5 ‘Both the Tammer model and the Halder. model were produced by
. direct anelogy ‘with gravity model formulations, the first deducing a
model from a chosen general model form and suiteble constraints, the
- second using the constraints'in condunctionfwith_the'1maximum~entropy'
ceriterion to select a suitable model. A third approach can be suggested
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. immediately, following the work of Kirby (1974), using maximum

- 1likelihood methods to estimate parameters within a general model form
from the available data. .This appreachaweuld‘cleariy be much. more
flexible than the other two, and could make use of mmbers of different
data sets quite simply (assuming that these were independent)

‘example, the general 'grevmty model' form for interaction data could

7 be fitted given independent eetimates of any or all of trip endl,

: trawel budgets and. epecific trip interchangee (whether the 1aet formed
a complete 1nteractlon matrix or not)

4.6, In.the model forms described above, tremel,budgete5ere
preserved at a zonal level by suitable choice of the numbers of trips
making specific tripe between zZone pairs. The theory has been developed

~without reference to differences in trip purposes (and hence zonal
'attractiveneee',and-'productiveneee' for trips) or to mode choices.

- Further, subsequent travel from the destination :zome is not tackled.

~ Whether or not the general framework of any of theee'medeie-couldabe

adapted to deal with more complex and realistic situations, no practical

~ applications have been discovered in the literature.

4.6 In contrast t6 these approaches, which simply re-define travel
demand in'terms'of"ameunte' of travel rather than rumbers ofjtripe

and theh alter fitted trip distribution patterns to conform with the
estimeted demand Zahavi (1977) has proposed a theer& of tremei"

behaviour which is radically different %o thatrunderlying conventional
modele, based on the concept of predictable (theugh not generally
constant) travel budgets. Put at its very simplest, Zehavi! s model

" agsumes. that the speede and coete of travel by the different poeeible
modes, together with the income dietribution in the population,‘ '

" determine car—ownership levels and travel budgets - in terms of money

and time to be allocated “to travel. Within these budgets, people will
‘allocate their time and woney resources to travel by different modes’ _
. in such a way ee\to.attempt to_maximiee their 'spatial opportmities' ss measured
. by distance ftravelled. By so doing, they_may_impoee_demande on the
_network which slter network speeds; if this ocours, adjustments will
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take pia.ce in' the levels of niotorisa.tion and travel budgets, and thus

in speeds also, until an equillbrium is reached at which travel 'dema.nd'
(as given by the budgets) is’ compatible with systen 'supply' (as
characterised by network speeda) ‘Forecasts for any given circunmsgtance
are thus made on the basis of forecast populations, income distributions,
. mode costs and networks, and general relationships between thege and

car ownership, travel budgets and network speeds; at the equilibrium
point the model produces distances travelled by each mode, and: speeds,
together with car-ownership, all compatible with the forecast .
circumstances. |

4.8 Zahavi's model has been devised to desoribe urban travel
behaviour, at a highly aggregate level. It does not differentiate
between trips for differen'b purposes, nor in @ifferent locations; as
such, it cannot be used to supply the sort of information that the
conventional transportation Imodel provide, and is not in direct '
comiaétition with these models; in fact, in an early paper Zshavi
sees .1t as having an almost complementary role. "In no wé.y'dpes the
new .prb'posed procedure replace the current comprehensive and |
_ sophis@ticated traffic models.,. it is a macro-tool only, for rapid
;e_stima.tio;; and. evalua.tion_ purposes. After assessing'lﬁapy alternative
planning policj.e_s and options, and establishing control totals, part
. of the present traffic models will have to be applied for a micro-
. evaluation of the components of the planning alternatives". (Zahavi
- (1973)). More recent developments of the model have been directed
towards.producii_rlg more specific information such as trip rates and
- loadings on different parts of the network (Zahavi (1977)).
“ 4.9 - In contrast to the general approach which uses travel budgets as
a control on trip distribution, .preserving the ‘pudget constraints at
a zonal level without reference to individual trip msking, Zahavi's '
model applies the budget constraints at an individusl or household
- level. ‘Th_e-' mechaniam by which the budgets are preserved is the individual
(or household collective) choice of distance to travel by each mode.
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- In order to maximise 'distances' all travel decisions would have %o
‘be taken simultancously - i.e. planned in advance. In reality, of
course, the traﬁeller'willlhEWE‘no option bﬁt”fqrmake-éértain'tripa
" ="for example, %o work'-rand'hay well have 1ittle cholce of mode in
‘many ‘cases. Also, the relative  locations of the various possible
" alternative destinations will affect the distances he will travel.
. At any time, then, it is to be expected that actual travel will be
‘more or less at variance with the model predictions of 'distance
maximiging' travel. Zahavi hypdtheSiseSrthat'fhé'resulfihg L
"disequilibrium is one of the major forces that can change urban
structure”. (Zahavi (1977)). :

4.10 A1l of theé approaches described in this section have been
based on the assumption that details of an individual's travel
behavicur are affected by the total amounts of travel he_pérforms,
implying that the travel budgets in“ééme sense are deterﬁinéd'prior

" to actual travel. This hypothesis was suggested on the_baaistof'
‘empirical evidence which pointed towards a relative constaﬁcy of
average travel budgets for similar groups of individuals in different
locations. Later evidenceé pointe towards fairly regular and stable
relationships of the budgets with such varisbles as network speeds
-and income levels, rather than any universal constancy, and to
‘considerable variation between individuals within any group; however,
‘{he suggestion is still made that budgets can be predicted in isolation,
and used to=condition'predictions of detailed travel patterns. Two of
the major researchers in this area, Tanner and Goodwin, have guestioned
the logic of ‘this deduction, and constructed simplified‘moﬁelérbf
 travel to demonstrate that reasonably stable budgets could arise even
 when travel behaviour is not explicitly constrained to reproduce
them. . _

4.11  -Tammer (1979) rejscts the idea of constant time budgets or

" constant money budgets out 6f hand, as being in conflict with rational
economic Behaﬁfdﬁr'(Zathi's later_forﬁulatioﬁb of the budgets as
relationships rather than constants supports this view). By
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considering a suitable general expression for demani for travel as

a function of mode costs (in money and time per unit distance) and
income, Tanner demonstrates that a. hypothesis that "total genera.lised
expend.:.ture by all modes, J.n hou:r:s per year, is: independent of income"
would aleo be consistent with fairly stable time budgeta. '

4.12 The hypothesis that 'generalised time' spent on travel might
be. taken as a. consta.n'b, independent of income, was first made by
| G-oodwin (1973), on the basis of emp:.r:.ca.l ‘evidence taken from the
1965 National Travel Survey. Goodwin estimated the values of time .
~ that would be required to explain the observed travel time and travel
money budgets of the different income groups under the ‘'constant |
generalised time'! hypothesis, and found the results to be reasonable
when compared with values of time estimated in other ways from
differét sources. .- ' : .
4 13 Geédwin' (19’7'3) has also constructed a detailed, if idealised,
representa.'blon of urban travel by comblmng a 'utllity-maximieing'
approach with a smpl:.f:.ed deseription of an urban area in terms of
continuoue functions. He concludes that "the total time ‘spent on
"travel is pro'bably not a coneta.nt (though it is considera.bly more
etable than some othe:r.' :l.ndJ.ca.tore)" ‘

5.  SUMMARY, CONCLUSIONS AND COMMERTS -

5.1  The review of empirical ‘evidence 1ed‘,to the following conclusions:

(e) at an individual level, the amount of time spent on
“travel is h::.ghly variable; typically, standard errors
a.re only elightly less tha.n 'bhe mean:. va.lues. '

(b) at an aggrega.‘be level, both time and money expenditures
on travel are gtrongly related to income levels., Time
spent per head increases roughly proportionsl to
.disposed income, ' and money expenditure rather faster
(see Goodwin (1973)).. |
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(e)

'variables age, sex, employment.status and .probably

(a)

@
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At &n aggregate level, in addition to income, the

1oca~bion a.ffect mea.n' trsvel times; some data sources

-~ indicate differences :Ln travel. t:unes in different

car-ownership groups also, but these are a.lmost

: _csrtainly less 1mporta.n1:. There is ev:.dence of a .

'saturation' effect, travel times only increase up
to some limit. (Goodwiqha,s suggested approximately
90 minutes). | - ' ' '

‘At @ national level, there has been a steady increase

inrthe-sverall proportion of:income or dispossble
income allocated to travel, at least over the last
25 years, in the UK, unlike Canada and the USA uhiere
the proportions have remained virtually conlta.nt.
However, Mogridgze has J.llustra.ted 'bhat the 7K trends
conceal an interesting sta.bility, in that the
proportions of income a.l_lopa‘bed. to travel b_y the
different incoms gnoﬁps has not cha.ﬁged 'sigﬁificantly
over the same period, i‘urther, .'I:here ie evidence
that car-ovning households as a group have maintained

~a stable % allocation to travel even during the

period of rapidly changing prisss during and after
the 0il crisgis. ' ' ' '

For the UK, estimates of aversge travel times over &

. 25 year period suggest that these too have risen

- steadilys; however, it is possible.{although it

remains to be demonstrated) that this trend could also

_result princ:.pally from cha.nges in nwomes, consigtent

with 'sta.ble' travel t:une budgets :E'or d;fferent groups

., -of _mdi_.v:l.,ﬂ.ua:l.s.

(@)

A% the aggregate level, there is evidence of considsrable '

seasonal and. day-of—the-—week variations in both money
and time expend:.tures on travel.
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(g) At the small area level, evidenoe from ‘the UK (Beading)
and from other countries suggests tha.t the cross—sectione.l
' characteristics of travel time budgets displawed by
| na.tiona.l data a.lso persist in sme.ll—a.rea datas ~al.nd |

- (h) a8 evidence for variations in travel budgets over time
' at -the small area-level (Godard (1978) the travel time
budgets of groups of individuals did not rema.in gtable
in either of two French cities over. pe:r:iods of about ten -
years. -

B 2‘ - But for the 1a.st ;point then, the evidence suggeets tha.t it may -
be poes:l.ble 1o produce reasonable foreca.ets oi‘ tra.vel budgets, a.t least
A'a.t an aggregate 1eve1. However, Godard's ana,lys:.e of da.ta for Marseilles

and Rouen underlines the need to confirm that broad stability at a
highly aggr:egate level does not mask considerable and mutually offsetting
variations at a sma.ller eca.le, ii‘ it is at the sma.ller scele that fore-
casts will be used. ) SRR |

9.3 Ea.:r:ly wo:r.'k on travel budgets este.blished. interesting eimila.rities
in. the average. tra.vel budgete of reeidents in different locatione- the
three nmost :.mportant results ‘were probahly (a.) Ta.nner e demonetz-etion of
stable generalieed expenditure as between rural and urban awellers, (b)
' Zahavi's evidence i‘or 'atable! average travel t:unes (by motorised modee)
for different cities at different times, and (e) Goodw:.n s analysis of
NTS date., which showed tha.t average total travel times we:r.'e not a.ffected
by res:.dentia.l deneity. | Justification for the uge of ete.ble travel

time b'u.dgets in forecasts a.ppee,re to have been 'based on interpreting
these results as demonstrating that average tra.vel timee were i‘:.xed
independently of travel 'costs' (where 'costa! might ;-.nclude such _
characteristics as speeds and comfort as well as money cost), and hence
would persist in any forecast year irrespective of network changes.
Later evidence (in particular the time series analyses of Tarner and
Godard, and Zshavi's analysie of different cities) suggests that this
ie altogether too much of .a simplification, and that some measure of
travel costs: may well be,e.nfinporta.nt_ va.nia.ble--- in determining average
travel budgebs. |
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5.4 " Even aeeum:l.ng that satisfactory forece.e‘b of travel’ vudgets

‘ 'could 'be a.ch:l.eved, it is not clear what nge should ‘be made of them.

' There seem to be three me.:l.n optione. li‘:l.:r.-st, and’ simplest, they could

be used to check the oredibility of more detailed travel forecasts,

for example those produced by conventional methods.: . However; different

interpmte.tions' could be put on a depa.rture from expectation on the

basis: of average travel budgets; for example, a forecast travel '

pattern which implied that the residents of a particular zone were

paying more for travel, and travelling longer than might be expected
for a group w:l.th their income, car—ownerehip, etc., characterigtics

" might be interpreted as simply wong,and in meed of alteration by

adjusting forecast trip rates or correc'b but evidence of 'dlsequ:.llbrlum‘
:which might at some 1a'l:er eta.ge result in cha.ngee in reeidence and/or
employment locations. |

B Secondly the foreca.et budgete could be ueed to cont:ml
tra.vel demand within the convent:.ona.l model framework, as in the
Tanner or Halder models, for example. The difficulty w:.th this
"a.pproa,ch is that travel budgets seem to lend themselves to foreca.st
' onl"y at the a.ggrege.te_ level, and conventional mod.ele could only make
use of budget forecasts if separate estimates could be made for
dlfferent tr:.p purposes. Somie progress might be made towards this

end if a divigion of travel as between discretionary and mande:l:ory
| trips proved. feagible. Thé residual budgets could ‘then be used to
‘ control dz.scret:.onary travel, after manda.to:r.'y travel (euch a8 work

tr1ps) ha.d been modelled in the conventional ma.nner- ' assuming, of.
course, tha.t it could be establz.shed thet thie eequenc:.ng rei‘lec‘l:ed
obeerva.ble beha,viour.

5 Th:.rdly, Zaha.v:L 8 model could be v.led (for urba.n area.e, a.t
lee.et) to produce foreca.etl of key quant:.tiee, ,which might then 'be
taken as. inputs to pa.rte of the conventiona.l modellmg procees.

5.5 . = 0f the three: op'b:.one that ‘have been: listed &8 ways in wh.z.ch
%o make use of forecasts of ‘travel budgets, only Zahavi's model,

" leading to:the "Unified Mechanism of Travel",. has-been:developed - .
to any extent. As may be seen even from the short outline of the -
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wmodel given in section 4.7 above, the assumption that: travel .bndgsts
cen be forecast is only one of many . sss\mptions that underlie. this

mbdsl. Leaving a.s:.de the cmcial relationships between travel times
and network lpeeds, network length, vehicle numbers and network
speeds, and vehicle numbers, incomes; mode costs and network speeds,
the assumption basic to the operation of the model ims that travellers

| seek to maximise their ’spatla,l opportunities', msa.sm:ed as a monotonica.lly

1ncreasing i‘lmction of distance - hence that travellers seek to maxinise

~ the distances they travel, within the constraints of their tra.vel budgets.
The ev:.dence fo:r.' this hypothesis needs ca.reful sii'ting, but in passing it
‘should be stated that there is considerable disagreement as to the
realism of thls aspect of the model. Foster (1977) argues that
travellers seek accessibility', independently of distance travelled,

. and demonstrates that making that distinction can lead to ve:r.'y different
conclusions for the evaluation of alternative planning proposals;
empha.s:l.sing accessibility keeps open "the option of mov:.ng the facility
to the individual" where the 'distance maximising' spproach "lea.ds '
to more effective, faster ways of moving ‘individuals to fa.cilit:.es".

5.6  Lastly, there are st least as important implications for
economic evaluation as for travel forecasts in the concept of individual
tra.vel beha.v:.our being controlled by time and money budgets, not only
for the problem oi‘ valuing tme saved from tra.vel tha.t is then used

to allow more travel, but a.lso in the doubts that a:r.'e cast on what
exactly is be:l.ng measured by studies asse-sing 'a. beha.vioural value

of time'. '
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APPENDIX I
Retail Pricé Index
Year | Jan 52 = 1.03 Jan 56 = 1.33 Jen 72 = igg Jan Th =*100| Chain linked
. . ' : . - final geries
1952 - 1.360 478
1953 1:400 492)1953/5k
1955 1.490 .52k '
1956 1.534 1.020 4539
1957 1.058 +559
1958 1.090" 576
1959 1.096 o579
1960 1.107 .585
1961 1.145 .608 .608
| 1962 1.175 .618 .618
1963 .630 .630
1964 .651 .651
1965 .682 .682
'~ 1966 709 .T09
'i 1967 727 727
. 1968 761 .T61
1969 .802 .802
1970 .953 .953 .
1971 . .934 938
L 1972 % 1.000 1.000)1972/73
L 1973 | 1.092 1.092]" 1-046
Bri 1.267 1.267
1975 1.573 1.348  [1.573)1975/76
| 1976 - 1.571 1.83h§= 1.770k
1977 i 1.820 2.12k
:* Monthly digest Statistics
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