The aim of this paper is to investigate at a conceptual
" level, with a limited amount of empirical evidence, the
.'likely consequences on our present planning methodologies
:of taking into account the true structvre of all journeys.
A particular concern is the influence of changes in land
use configurations on the strycture of jouzneus and the
probable policy implications. A consideration of journey
Stzucture appears to offer one potentially promising
'_broceduze for relating land use and transport plans in
% way that ylelds more realistic insights and policy in

the urban areas. The paper concludes with some suggestions

for the way ahead.

was' written in 1975 while the author was a Visiting
iSport Studies Unit, University of Oxford, and initially
'@ Resource Paper to the Nuffield Conference on Multi-
i~Purpose Journeys, held at Mansfield College, University
L of Oxford, December 10-11, 1975.
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ODUCTION

Whenever the nature of travel is discussed, the
£ derived demand is introduced to emphasgsise the
that travel is, with few exceptions, required not for
‘sake but as a means to an end. However, having made
ereﬁée:to this notion, transport planners readily apply
rude measures to "allow" for the derived nature of
ﬁéasures which do not appear to reflect the true role
sonfiguration of land uses (which are associated with
/el activities) in structuring the pattern of travel.
influence of land use configurations (LUC's) is very
n the structure of journeys, a structure which has

ersimplified for modelling convenience. The essence

enibur limited empirical evidence (Daws and McCulloch

atricios 1975, Hanson 1975, Downes and Wroot 1974) we

ur'”of all journeys. A particular concern is the
nee.of changes in LUC's on the structure of journeys
robable policy implications. A consideration of
structure appears to offer one potentially promising
for relating land use and transport plans in a way
ds more realistic insights and policy in the urban

he paper concludes with some suggestions for the
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It is appropriate to begin with a brief diSCUSmbW
of the state-of-the-art in studies concerned with "multietypy
journeys" (MTJ) and "multi-purpose journeys" (MPJ); ang the
types of approaches and methods that we might pursue in g
search for improved understanding of the nature of traye] and
structure of journeys, which have not strictly been-concernea'
in the past with MTJ's and MPJ's. Jones has provided an
extensive review of the literature specifically concerned
with the analysis and modelling of MTJ's and MPJ's.  1In
general the contributions to date have either been concerneg
with description of travel diasry data in order to indicate tj
extent of such journeys (e.g. Daws and McCulloch 1374, Bruce
and Jones 1975, Bentley, Bruce and Jones 1975, Downes and wgo
1974) or methods of modelling aspétially such journeys, given
that they occur (e.g., Vidakovic 1972, Gilbert, Petersgon an&
Schofer 1972, Horton and Wagner 1969, Sasaki 1972, Nystuen 19§
While these studies are wvaluable contributions to an importa
neglected area, they are deficient in one major way - the gén_
lack of any theoretical framework to assist in understanding"
the causal processes that produce such journey structures. &

behavioural framework is required, both at the micro (indiv

duals) and macro (spatial aggregate of persons and land uses)

levels, which will p;ovide the necessary mechanism for genera

testable hypotheses.

The existing transport research does not.offerE#
appropriate general procedure within which MTJ's and MPJ's i
be incorporated. Two basic approaches have been pursued in al
independent manner in the search for a spatial travel choic
model. The first is commonly labelled "conditional spatial
choice process", illustrated by route choice models that
allocate trips to points or areas within urban areas. Dis-
aggregate probabilistic utility models or Wilson entropy mode.
belong in this category. They analyse the decision proceSi”"0
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_ﬁP in selecting one of a set of destinations in time
., given that an activity or activity combination is
e undertaken. This ignores time variations in trips by
'vidﬁals or groups to an alternative, consequent on trip
D se_sequencing and trip purpose changes over time. We do
ve any procedure for identifying the likelihood of
cﬁ1ar activity sequences. The second approach is callegd
aééiﬁity sequencing process", and is essentially concerned
¥ip'linkages over time. The studies of Vidakovic, Sasaki,
on and Wagner already mentioned above belong in this category .
cedures using Markov models of land use linkages during

1gnéfe the problem of predicting which of the particular

It thus seems desirable to replace a transport
- with an activity framework in order to capture the

“in our understanding of the nature of travel and
f . journeys. Boulanger (1971) seems to be hinting
inty

Tﬁe Space-time budget approach (Chapin 1974, cullen

1_75) apprears to encompass the joint requirements of
avel:choice modelling referred to above, although
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within a more appropriate activity framework. To date, how@ér
this work has not produced a well articulated conceptual frapg:

work.

Even though LUC's are arrived at over long periodg
of time, it is also important that we attempt to identify the
extent to which the individual's pattern of activities (which
includes his journey structures) are determined over the
longer time period {and thus routinisation or_habit_predoﬁhmte
for the majority of his travel activities in the-éhort—run)OI
whether careful evaluation of alternative activities and hmwet
journey structures prevails resulting in a fresh decision ead{
time an action takes place. If the former is the case, then .

we must be very careful in inferring "too much™ from cross-

of whether such data is for a single day or a complete week)
but rather gualify our basic activity data with a series of
attitudinal perspectives in order to reflect the extent of

long-run decision and short-run routinisation:

"everyday behaviour is not fully intelligible,
either at objective or at subjective levels,
without recourse to information about the
attitudes and premeditations of the actor™
{Cullen and Phelps 1975, p.7}.

. The point being made is that the structure of journeys is
likely to be better understood in a long-run behavioural
context if we can provide evidence that the structure of any.
activity (including travel) is conditional predominantly bYQ
experiences accumulated over a relatively long time horizoﬁr
and that what we observe happening today (both LUC's and
journey structures) is better explained by the identification

of long-run determinants of activity configuration,
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STRUCT

The macro-approach which emphasises configuration

ns. of spatial aggregates (e.g. persons per zone, tyips

dor, shops per acre, etc.) is,
immediately suited to this new orientation,
behavioural unit of account

given the present state-

he art; more
fbr ‘its general l1ack of a
: as distinct from "describing® is required.

_rstandlng
s MPJ's and MPJ's at both the

eems: approprlate to discus
but that more emphasis at this early

nd'macro levels,
o a micro-behavioural framework. The

o'1d be given t

ng séctlans of this paper refliect this bias. Like the
sitributions in behavioural disaggregate travel demand

ng, the individual as a member of an explicitly

p of persons undertaking activities is the

bl@ grou
ur task to understand the

nit of analysis, and it is ©
st} that result in his particular journey structures.

. hbwledge we should be able to buiid up a macro-

1 ‘Framework to depict overall urban activities and
'trﬁctures likely to be associated with alternatlve
h'addltlon we will have a basis for assessing the

nt of journey restructuring as a resylt of either
nd/or transport policy. It is argued that without

m;cro—behav1oura1 foundations, we would not be able
rily predict a resultant macro- -behavioural con-

in-advance of change.

'e.notlon of a multi-trip journey, since this
ict in the discussion. The definition used by

p;l) is adopted:

mﬁlti-trip journey may be defined as a travel
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sequence which commences at the traveller's
home and involves at least two trips (i.e. it
comprises three or more trips in all}. A trip
in turn is defined as a one-way movement from
an origin to a fundamental destination for a
single purpose and may comprise a number of
stages corresponding to the use of a seguence

of modes (e.g. walk-bus-train-walk)."

A non-home based trip can be accommodated within this definitj
if it forms part of a MTJ. The connection depends on the
extent to which activities are seguenced and structured over
a sufficiently long period of time to encompass the non-home
based trip in a journey that commenced from home. This should
not be taken to imply that the house location is the only pﬁﬁ
determinant of activity seguencing in time and space, but
rather that the home place is the major location from which.
the -traveller commences his routinised day (Cullen and Phelps
1975) or makes his decisions on his daily activity structure,
and major constraint on the ovexéll structure of journeys
{Hanson 1975}):. The workplace also performs a conditioning
function; Hanson has shown with Swedish data that 44 per cent
of stops at non-home places were méde while on the work journe
When seen in this context the work journey still has a pre-
dominant place in transport research, on an argument that is
independent of the traditional justification in terms of
peakedness, congestion and determinants of road capacity.
Hanson has also shown that the workplace is an important
organisational node in the household's travel pattexn, with.
57 per cent of households making more stops on work journeys
than on non-work journeys; and a few making as many as four

work journey-associated stops for every stop on a non-work

journey. Thus a case could be made for separating out journey:

structure on an initial classification rule related to a
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since there is evidence

nant journey purposes;

chy of - domi
hesis does impose important

that a dominance hypot
the spatlal and temporal seguential structure
The mere reference to

“en
and non-travel activities.
implies a dominance hypothesis.

rkﬂjburney"

rhe congept of a "stop™ has been freely used without

jon. This is a difficult issue, since we have to

n:the extent to which a particular stop changes the

'structure of a journey, both spatially and temporally.

an suggest two types of stops: "fundamental” and
the difficulty comes when allocating stops to

.nary'c13851f1catlon scheme. Does stopping at a garage

-petrol qualify as a fundemental or incidental stop?

dﬁre adopted here is that a stop is incidental if it

'avel activities in a non- marglnal way. This introduces

problem of a marginal adjustment; and we have

e a marginal temporal adjustment as one entailing
anlé'mihutes in "detour and stop time": and a marginal
adiﬁstmént as one entailing less than 1 mile (or 1
re) in "detour space” This reflects the logical units

unt:uSed.in the individual's action

nd detour space™ are new cpnstructs, regquiring a

dge of the expected temporal and spatial structure of a
ust”prlor to and subsegquent to each stop; in addition

mporal and spatlal structure 1f ne such stop were to
has

"space". "Detour

Thé-subsequent temporal and spatial arrangement
d to the subsequent fundamental destination {assuming

t onai intervening incidental stop). An example will

fy this s point (Table 1). It is assumed that such stops
eg'lglble influence on the structure of journeys and
és, and should be removed from the data at an early
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stage. However, it is worthwhile noting the extent of incidmmﬂ
stops, since we might obtain ancillary information of relevanCe*
in other contexts (for example, the placement of a newspaper

boy at traffic lights rather than in the shopping centre),

o

. home o workj home. a a work
Journey Structure. plac!\w/\'place pla :Vb/—;lac_e

shop shop

a b ¢ shop ' e d shop
Iime (minutes)..... 2 12 9 2 .16 .08 9 3
Space {miles). ....| .05 3.0 2.0 - 06 .06 .03 2.0 =

Detour time .......| ' 12.32 - 9 08

Detour space ......| . W5 - . . 2.12 - 2.03

Iype of stop .. .. fundaméntal incidental

Table 1: TIllustrative Difference Between a Fundamental Stop
and an Incidental Stop. (Not to Scale.)

To complete the definitional digression, an illustration of a
set of daily activities undertaken by an individual from the
Watford sample (original travel diary; see Daws and McCulloch
1974) will clarify the essential difference between the true
structure of daily travel and that adopted in the existing
modellihg_structure (Table 2)}. The prime difference is that
when the true structure of travel is modelled we mainﬁain the
sequence of journey purpose and direction of travei; two very
important reguirements in'any behavioural approach to under-

standing'the relationship between transport and LUC's. The
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£ing modelling procedure} summarised in Table 2 (b) eliminates

he 5 £wo requirements. Hence, we need tO reinstate these
jrements in
”fs and MPJ's is a central concern in the reformulation of

order to progress; and it seems that the study

g go far we have pointed out the structural differénce
ﬁ-the actual and modelled journeys. However, it should be
;ned that we should be able to, within a conceptual and

delilng framework, predict the extent to which MTJ's and MPJ's
ertaken in contrast to single trip and single purpose
5 This will regquire a knowledge of the factors influ-
. ‘ihe structure of journeys, which are likely to be those
' ated with LUC's, the individual and his household,
1 benhaviour, and travel opportunitiesw Brucé and Jones
de a useful summary of the likely influences
3), . The available empirical evidence does suggest that
] énce of MTI's and MPJ's is on the increase, and hence',
should have & procedure for identifying the circumstance$
 which they might occur; for it will have important policy

_ To conclude with a simplified example; at present
d;vidual undertakes the daily activities in a manner shown
qure 1(a). His total travel rime and cost are respectively

utes and 70 pence; and the jdurney to and from work in

by public transport because of demands on the car by

fe for day usage. The individual now has use of the car

urpéy to and from werk because his wife (the ex~housewife)
t@'go to work full-time. As a result of this new house-
cumstance, the individual decides to g0 straight from

y cdr to the shops instead of returning home initially for

' The result is a saving of 20 minutes and 20 pence,




{a) Actual Structure of Daily Travel Activities

{b) Modelled {at present) Structure of Daily Trﬁvel Activities

SC[’IC)O.I2 Wwork

visiting’

visiting

Summary:
3 journeys:
{i} multi-purpose, multi-trip
(3 trips, 1 school, 1 work}
(ii) multi-purpose, multi-trip
(5 trips, 2 shops, 1 visit,
1 scheool)
(iii) single purpose, two-trip
{2 trips, t visit)

school

schoolX WOTrK

work X home
home X. shops
shopsX shops
shopsk .visitlﬁg
visitingl school

schoolX _home

home X. v1$S1ting
visitingk home

Summary: 3 home-based trip
trip productions,

home based trip production

non-home based trip productlon
(school)

trip attraction (work)

home-based trip production
: (shops)

non-home based trip production
(shops)

non-home based trip. production
(shops)

non-home based trip production
(visiting)

trip attraction {school)

home-based trip production (visit

trip attraction (visiting)

productions, 4 non-home based
3 trip attractions.

Table 2 (a,ni

The Real & Modelled Structures

of Travel
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GROUP OPPORTUNITIES LOCATION OF IRAVEL
FACTORS FOR TRAVEL FACILITIES |BEHAVIQUR

e e

Househeld size | Mobility Places Mode
& composition

Travel Types
Family cycle urgency

stage
Modes Variety with-

available in types

Social class Activity
interchange- | Centrality

Census data ability
at area level
etc

Distance
Accessi-
: bility
Opportuni-
ties for
continued
travel

Cost of
travel

Travel in

Iravel Cost of use
groups

decision-
making
Conducive- Irip
ness to pleasure
activity per se
linkages
Destina-
tions
visited

Number of per week

: visits Activity
.. 1.

ty pref- inkages
nce: § images

reeived options

_Tﬁéy planning
bility

Iable 3. Iypes of influences
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and a new journey structure (Figure 1b) - i,e. initially We
have two single purpose tw0ftrip journeys and a single PUrpog,
three-trip journey; now we have one single purpose tWO-trip
journey angd a multifpurpose four-trip journey. The traditiOtla
choice (demand or usage) models based on narrow simplified
assumptions would not have been able to predict this new
structure, nor the éhange in generalised cost, It woulg moﬁ
likely have predicted a change in generalised cost aSs0Ciateq
only with change of mode for the single purpose two-trip WOrkt
journey. 1In addition, the restructured journeys are likely g_
result in changes in the amount of time at the destinationg
and homeplace; which would not also be properly modelleg ta
reflect the true role of the activity at the destination,
Thinking in terms of the activities will force both researd@r'
and practitioner to rethink common concepts such as "quality:'
of service" and "net benefit". We are now ready to begin '

Setting out some basic assumptions for a revised approach to .

studying travel behaviour in an activity framework.,

shops 1
shops 1
shops 2
shops 2

_:::7!training

training

Figure 1: Alternative Travel Contexts
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HRDS A REFORMULATED APPROACH - SOME MICRO FOUNDATIONS
Research and application in a number of subject
can be drawn on in setting out the main assumptions
anderlying the reformulation of the approach to studying the
ré-of travel. The key topic areas include disaggregate
avioural modelling, activity sequencing modelling, space-
pudget research (including travel diaries), and general
1és of human behaviour. The emphasis is on a knowledge
hé-way individuals, as members of households, form and
nforce behavioural patterns 6f travel and non-travel
ie vi&ies in time and space. Equally relevant, but not
sséd here, is a knowledge of the way the suppliers and
Tators of facilities arrive at decisions (Rimmer 1976),
é:interaction between the demanders and suppliers

ndiv;dual does or does not include a particular activity
ode in his "action time-space” choice set and why the
dpal chooses or does not choose a particular activity
(given its inclusicon in the action time-space choice set)
éféllocation of his time and space budgets. Travel becomes
£ the important considerations, but not the framework
1 which we have to study and model "our decisions®.
ransport plans (UTP's) are replaced by urban activity plan
)3 and the concern is with understanding and modelling the
ility of choosing a particular activity, located in time
Spéée, given the individual's money, time and space budgets.
Ep ¢e budget is a notion related to the individual's total
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action space, and does not have useful meaning if seen any -
other way. An activity node can be described as a point on 3

hyper-surface which is defined in terms of a space time

coordinate (grid) reference and an index or function representj

the probability of a person locating himself there and under-~
taking activities over & period of time. This central aspect .
of an activity framework is illustrated in Figure 2. It wili
become increasingly feasible tc adopt a coordinate grid systenm
for spatial modelling (the U.S.A. Census of 1980 is to do just

Example: Sp has coordinates
00 00 00 00 to represent base
location in a North (N), South
6 pm (S), East (E), West (W) grid:
system Each square is 10 -
units. Suppose an individuak
12 pm has 2 activity locations to

an urban area or an choose fron} A and B, refer-
individual's perceived enced spatially as ?50(_)050[)_ :
action space _and 28000014, The individual

iives at H, reference 45000010
The times of the day that an
individual could choose to g0
to either A or B are between
36 and 68 (i.e. shop business
hours). Hence oux basic :
activity referencing in spacé
and time is 25000500t, b
28000014t , t=36,37 .. .. ,68.
i=4, and j=A,B, then we need,
function to indicate the pro
ability of individual choosint
one of j, given i and T Thig
is our time-space 1eferencing
now we have to jdentify the
travel & non-travel J

Time (96 units : 01 to 96) i e. I5 mims.
interval

Figure 2 : Space-Time & Activities

that) which will overcome the major deficiencies of both
aggregate and d_isaggregate (travel) modelling; and then we ¢&?
{with computer assistance) digitise a complete urban area. Wi_t

respect to the complete set of facilities (private residences:
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.'£ransport interchanges, business, workplaces,etc.,) in
‘5f location and any time conditions (e.g., shopping hours,

ransport facility hours). This requires more detailed thought,
ust be a fundamental part of a reformulated approach.

The behavioural assumptions vary between the shoxt-

:dlthe long-run; and it is necessary to be quite explicit

‘the nature and differences of assumptions. There appears

algenerally unclear statement in the transport literature.
he activity framework, certain behavicural phencmena

o . pe made explicit in a short-run long-run context:

he. formation and evolution of structures and forms

f‘rent al calculus which presupposes continuity., Unfor-
. the structure and form of activities is full of
n ﬁpities (a planner's and mathématician's nightmare),
'bur3modelling task difficult. Until such times as we
_stered the concepts and objects basic to both differential
ogy. and classical mechanics we must do our best with con-
pnctlons. One general approach is to modify (convert)
eorléé of discontinuity into continuous operational
y- the use of attitudinal information from carefully
tﬁitudinal“ guestions in order to "connect" the com-
fluences (Hensher 1976a) in a continuous fashion, For
routinisation" (Cullen and Phelps 1975) or habit
e 1975, 1976a) have been suggested as major influences .
un behaviour of individuals in both travel and non-
ctivity contexts.,
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Tt is difficult to model the short-run behaviour of individua)y
in a continuocus function which displays the "alternatives"
available to the individual since the intervening influence
of habit makes any inference based on system factors about
changing the chosen alternative unrealistic (Hensher 1975)
until the true relationship between the chosen alternative
and other alternatives (each carrying non-uniform weights) ig
established properly. The entire area of discontinuity is
partly reflected in the notion of "constraint". There are on]
24 hours a day, 7 Gays a week, a multitude of activities that
are committed for surviﬁal in -the present society, etc., and
hence inflexibility and routinisation enters forcibly into

the determinants of action space and choice (see Table 4):

"The overall picture is one of a dominant and inflexible-
pattern of routine domestic and paid work, punctuated '
by equally inflexible and equally routine meals and
perscnal chores. More fiexible punctuations include
spur of the moment shopping trips and the whole pattern
relaxes considerably, though by no means entirely, as
the evening is given over to social and leisure pursuiu

sometimes routine, sometimes deliberately arranged and -
sometimes just filling in time." {(Cullen and Phelps
1974 pp. 71-71).

In contrast to the short-run situation above, where dlsconf
tinuity is generally more prevalent, in the longer term the

contlnulty assumptlon is more valid. The problem lies, howeV

in utilising cross-sectional. data reflecting present day—todﬁ

activities to model long-run behaviour. The economic theorle
of characteristics associated with goods, popularised by
Lancaster, are misleading in this respect. In applying his:
models to the consumption of time in an activity, rather ﬂWP

simply to the consumption of unique goods. Lancaster is ﬂo?




o Time No. of
Arranged Planned Filling Activities
%) %) (%) Performed

4 79 _ 338
80 506
86 195
33 93
g1
82

47

45 42
66 17 321

s Activity Classification by Premeditation
- Source: {(Cullen & Phelps 1974 p.31)
p_t-the time dimension; falling into the trap of
hat because the cutcomes of choices are only really
Tt é'dayrto-day level, this must also be the level
e chgicés are occurring. Cullen and Phelps have
ﬁ§geét that only 10 per cent of the average
s cﬁaracterised by vexy recent deliberations.
ssence we have long-run choice and short-run
~difficulty here is in determining the point
txnlsétion moves into choice (Henshexr 1975). This
imélications for journey structuring, for unless
;tly;model the role of routinisation, then we have
ndicating that our predictions of short-run change
There clearly is a value attached to habit,

uchlas'a value attached to other more generally
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accepted influences on activity formaticn.

{ii)}  hierarchy of activities

This issue is in some ways the closest discussed here to the
aspect of modelling a system in which MPJ's and MPJ's perforp
an important role. There is a growing body of literature on
the hierarchy of travel decisions (e.g. Brand and Manheim 1973;
Charles River Associates 1972, Richards and Akiva 1975, Henshey
1976c, Wilson 1972) yet an apparent dearth of material on the -
likely hierarchy of activity decisions. As indicated earlier,
the activity framework provides a more realistic basis fox ‘
emphasising the role of MTJ's and MPJ's, and thus we will out-
line the beginnings of a possible hierarchy of activity decisiﬁ
as a way of highlighting the "location" of the travel decisiOnf'

(and its associated hierarchy) and the relationship between

travel and non-travel decisions. Hagerstrand (1970; 1973) has

recently provided an importaﬁt beginning in this entire area.
His contribution centres on the relationship between behaviour 
and constraints and is concerned to ensure the accountability
of place-use and time-use concomitantly; on the assumption
that in most cases the justification of movement is in what

the person wants {ox has) to do when he is not moving. In
structuring a framework within which the nature of activities
can be investigated, a number of assumptions are required.
There are at least five basic assumbtions which appear consistent

with the present state of activity formation:

(i) there is a minimum of time that an individual
believes should or has to be allocated tc a

particular activity.

a timing constraint prevails, restricting certain
activities to particular hours of the day (e.g.:

shop business hours, theatre hours}.
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across the population there are varying degrees
of flexibility with respect to start time, finish
time, and total time involved in a particular

aqtivity“

there is likely to be a constant travel time
pudget, which has arisen out of an individual's

decision process in allocating his "flexible time"

there are dominant activities'in the sense that
they constrain the extent to which simultaneous

decisions occur.

n-together these assumptions reinforce the existence of
1nlsat10n in the short-run and a limited amount of flexi-
Let us expand on these five assumptions as a way of
'tlfylng a hierarchy of activities and a possible modelling
The first assumptlon can best be discussed in the

gure 3 (Hargerstrand 1974). The example is of a full-time
er, "which is in many ways the most simplified of all the
v1ty structures of members of a household (Dix 1975) .

igure 3, it can be seen that a person requires a minimum
ﬁ£3of sleep (for example 6 hours) and has to work a given
sr of hours (for example 7 hours). The actual time he

0 'go to bed, rise, be at work and complete work is

able within a limited time band ({(assumption {ii}}), which
bg represented by some distribution function; for example,
:méjérity of individuals begin work between 7 a.m. and

-m., and sleep until between 5 a.m. and 8 a.m. Although
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000

sleep (minimum)

0600

flexible {sleep, preparation,

0500 work, travel)

complex

decision
periods &
boundary 1230

determination (330 flexible (work, eat, shop, other

work
1700

flexible (work, eat, shop,
sleep, travel, other)

. 2400

h s
i boundary between activities

Figure 3 : A Dally Activity Time Profile

considerably less variable. It is this reduced variance that

is relevant in structuring a (short-run) framework for‘indivimml _

act1v1ty (and travel) behaviour. When supply timing constraints

are considered, we find a reduced level of flexibility in the
timing of activities, and in general an even greater degree of_
inflexibility in substitution between activities within a given:
time band (e.g. between 6 a.m. and 9 a.m.). It is this latter
restriction (associated with assumed predetermined boundary
peints) which has contributed towards the constancy in the
weekly travel time budget for an individual, and aczoss all
individuals (assumption (iv)). When we allow for the minimum

amount of time required to prepare for travel and work and t©
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br akfast, there is a limited amount of short-run flexi-

. in the amount of time that can be allocated to travel
%3 which is again consistent with thé routinisation
esis zahavi (1974, 1975, U.S.A.), Bullock et al (1974,
and Goodwin (1975, U.K. } have evidence to suggest a
nt- "weekly travel time budget for a household; and some

nce ‘suggests that the travel time budget tends to increase

'ni'tance of residential location from the city centre

974, p.18). Bullock et al (1974) and Tomlinson et al
t that it is possible to regard the time budget
argely independent of the location of facilities in any
case. However, do people living further away from
of a city undertake relatively more MTJ's and MPJ's?
evidence at present since the known empirical work
and MPJ's is based on a relatively small étudy area.
ubstitution of timing of activities and hence
e réSultant implication on journey structure is clearly also
uenced by the time constraint associated with the boundary.
" Difficulties in identifying the "time-ties" have been
1ned by Hedges {1974}. Although in the case of work there
nerally no difficulty, what of a mother meeting a young
4 from school? It may not be easy for an 1nterv1ewer to
b 1"h whether the mother's presence at the school premises
3 ?p m. is obligatory, hecause of the subjectlve nature of
tie'. Shopping is another difficulty, where the activity
\ay be obligatory, but the location and/or timing may
‘Hedges found few examples of hard and fast ties, and
"a large grey area in which activities had ties
',of varying strengths" (Hedges 1974, p.38).
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time and place, and model this continuum of degrees of time-~

space obligation.

Thus far, we have indicated the need to identify and model
(probabilistically) the determinants of the time-space boundaw
points, these influences being implicit in the five assumptiong
This seems a useful reference point. Data would be required o
the factors that influence the beginning and finishing times of
activities. Such data would reflect a hierarchy of activitieg =
structure, and hence the basis for identifying the appropriate
structure. Essentially; do individuals make simultaneouslor
sequential choices? (assumption (v)}}. Unlike the argument for
simultaneity within the context of travel (i.,e., with respect
to the various travel choice acts) it is highly unlikely that
all decisions on all activities are made simuitaneously. That
is, the decisions to get up at 6 a.m., travel to a particular
workplace location at a particular time of day, live in a
particular house location, go visiting and shopping on way

home after work instead of initially travelling home, etc.
Rather some sequencing, related partially to dominance of
activities occurs. BAn empirical investigation centred around
the issue of boundary points might produce a relationship be tween
activities for one individual within a short-~run context such as.

that shown in Figure 4.

In the short-run, although residential and workplace location

are fixed, and the location of schools, hospitals, shops, etc..
the individual can and does have the opportunity to rearrange
his activities and thus restructure his journeys. Many of the
potential influences indicated in the chart are variable in the
short-run (e.g., amount of time required to travel to work}.
Another important aspect of this apprbach is that we are '
attempting to place travel in a more realistic activity frame-
work in which the boundary points themselves are critical
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influences on the nature of travel and structure of journeys,
and which must be modelled explicit. Present urbkan transpors |

models take the boundary points as exogeneous variables raum£

than prime endogenecus determinants on such travel choices ag

the selection of a particular mode or route or frequency of
travel. Once again we face the problem of discontinuity
{exemplified by boﬁndaxy points}. It is this problem that
has given rise to a limited set of (transport-type) policy
options emanating from current models”. The hierarchy indicate
above has been arrived at by reversing the order of emphasis
to highlight the timing of an activity. The timing of traﬁel'
is a function of both travel and nonwtravel influences; the
travel influences in the short-run belng the modes available -
and the routes available for certain dominance journey purpose
(e.g., work); and for other purposes being both of these
influences plus available frequencies and destinations. Since
our example suggests a simultaneous modelling of the allocatio
of flexible time between sleep, prepare and travel, it does not
seem plausible to model choice of travel mode for the trip to
work in isolation, as is commonly the situation, The latter
implies a seguential structure in which time has already been:
allocated to sleep and preparation, and that the choice of mode
is independently assessed and the travel time budget given. I
addition, according to the sequential model any policy change.
{e.g., reduction ln bus fares) should not have any effect ont
reallocation of the flexible time. 1In fact, if a switch to th
bus also entailed a new travel time outlay in excess of the
travel time budget, then our seguential model could not
accurately predict the real outcome. Once again, boundary
points are central to the determination of the extent of

simultaneity or segquencing.

The simultaneous model would be

P (sleep, prepare, travel) = P(s). P(p/s). P(t/s,P)
(s) {p) (t)
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‘sequential model of two possible forms depending on
hey each activity is assumed to be completely independent
erdependent with a hierarchy:¥
, * independent p(s), P(p), P(E)
”.interdependent P(t), P(s/t), P(p/t.,s).

jude this section and to clarify the importance of a
tﬁ research the short-run and long-run hierarchy of travel
. {ravel activities, information is required not simply
é factors affecting particular travel choice acts {e.g.
. 51Ce) but also on the factors that influence the sEatial
mp +al structure of travel. Does a person perceive charac-—
cs“of travel or the specific form of travel as important
cision process? (Fried and Havens 1974, Dix 1975}.
_p?:éach helps in determining the extent to which variocus
hoice acts are in fact relevant issues. For various
s; for example, choice of mode may not be a relevant
4t all (Boulanger 1971, Hensher 1974); but rathex choice

; structure for a given mode.

1and use configuration

ty framework must be able to represent the role of
ng Lﬁc's_in structuring present journeys. How do we.
' “;land use and travel? Initially, we must identify
cilcnjspace“ {after Wolpert) defined to designate the
ramework of behaviour which guides decisions relative
and needs. As a starting point, we should thus
t data from individuals on the various activity locations
ufé of activity) that an individual visits regularly
e héiconsiders in his relevant action set but does not
or a number of identifiable reasons). Then information

on. the present structure of journeys to and from

is the probability that a random event, A, CCCUIS.
:the probability of event A occurring when it is
hat event B occurs. This is the conditional prob-
by 0f event A for given event B.
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the activity locations. LUC can be expressed initially in 4
distance or generalised cost matrix of every activity locatig,
in the action space by each other activity location, for eacH'
mode (in case of generalised cost). This matrix is then
related to the preseht structure of journeys: mno. of n tripi
journeys per person = £1 y, If a person has for one week
(say) two 2-trip journeys and three 3-trip journeys we have j
observations for that one person, with values of 2,2,3,3,3.
There is a separate model for each of the journey structures
An alternative dependent variable might be the proportion of
total journeys that are MTJ's. The independent variable could
be measured in a number of ways, although the most appealing"
initially is the ratio of '

distance if 2-trip journeys
distance when A-trip JOUrneys

For.a 2-trip journey, the ratio will be unity, using this as
a norm. This procedure does reflect the spatial separation o
activity locations. The higher the ratio, the less disperséd
are activity locations. We can produce probability models of
a person undertaking a particular journey structure given a
particular LUC (measured in terms of distances between activity
jocations). Additional variables could be added to reflect ﬂ@
proximity of the key activity nodes (home and workplaces) to

schools, shops, etc. If land use facilities are close together

a person could visit cach one after another. If facilities
are not close together,; the individual may still want to wvisit:
one activity location after another, if they are all closer to.
ecach other than each is to the home or workplace. Thus the
extent of MTJ's and MPJ's must, amongst other consideratiomns,

be related to the distance or generalised cost between pairs:
of fundamental destinations relative to the distance or general
ised cost between each fundamental destination and home OF

workplace. The distribution of activity locations around the




TH " STRUCTURE OF JOURNEYS AND NATURE OF TRAVEL PATTERNS

. and.workplaces is a key consideration. The availability
rious means of transport in accessing activity locations

:h"generallsed cost associated with available means of

pot tial influences as car availability, car ownership,
ure of household, income, etc., By this method, we have
fof action space, its determlnants, and the influence

(w1th1n the action space) on the structure of Journeys‘

here is little empirical evidence at present, it is

ableﬂto assume that changes in LUC do have an effect on
ﬁcfufe of journeys and thus the nature of travel. For

réturn home; in contrast to the previous situation
urning home from work and going shopping with his wife
(Figure 5). Three 2-trip journeys (treating the wife's
Sepérately) have been replaced with one 3-txip journey
and one 2-trip journey (wife). What sort of model can
.ls outcome? A model that responds positively to this
will ‘be a fundamental contribution to the debate. Some
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Before

Cold shops

Figure 5 : Effect of Journey Structure of Change
in LUC
suggestions can be made. The model proposed above is of wvalue:

only in seeing if there is any variation in journey structure-
as a result of variations in LUC's. It is not able to predict:
the likely restructuring of a journey as a result of a change 
in land use since it only contains a simple distance ratio td
represent the physical effect of LUC. Hence we now require a
more general model in which the present LUC is an input. Two
functions might be required:
Pr(undertaking a journey) = £ {(....

P _(continuing a journey/undertaken) = f (LUC, routine

_ influences,_
availability of mod
number of commitmen
{i.e. No. of times
week person hgs_tﬂ
undertake activity
type i,)

duration of
activities, ++--*
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oul :be a binary {(limited) dependent variable, egual to
a'two—trlp journey and zero for a multi-trip journey.
nary. logit transformation function can then be used to

at ;thermodel"

théqLUC in the second function which is modified. It is
éa”initially (until research has identified the important
¥mi ants) in terms of the distance ratio as modified by the
nal activity lecation creating new distance ratio pairs.
comblnatlons must be included, and the model. should
£ the probablllty of the individual continuing the
going to new shops in contrast to going home).
ysion of LUC in the broader model has placed in per-
' -a-vis other variables) its role in influencing
t ucture of journeys. Quite clearly, other-infiuences
b _conSLdered such as the attractiveness of the facilities
new location compared to those at the present activity
tion: (e g., see Stopher, Watson and Blin 1974), the boundary
s’ Wthh constrain the amount of time available within
h activities can be reallocated, the availability of
atfthe new times of the day, the non-distance related
_l_iﬁfluences, etc. Once again, some basic research is

gui Qé:to identify the independent variables for the two

:;-pre-estimation classification by socio-economic
eristics might be undertaken to identify any relation-

g;istics of the individual and his household (Hensher

. Categories, with respect to the issue, can be produced

'.:éﬁe conceptually homogeneous (all the phenomena in it
omparable), mutually exclusive (the answers are non-

rlaPPing) and collectively exhaustive (they together include
whole situation).
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CONCLUDING COMMENTS

The topic of this paper is not an easy one tg cd
to grips with because of its complexity and the dearth of wory
in the area of behavioural approaches to modelling the regj -
structure of journeys. Hence, the arguments are sometimeg
incomplete. It was considered desirabli to attempt to bring.
together some of the basic arguments that have been developeq
in separate areas of research (in particular time-budget work
disaggregate behavioural travel demand modelling and general’
theories of human behaviour) in order to highlight the key
components of a more integrated and realistic appreach to
investigating individual (and subseqﬁently group) behaviour
in an activity framework, within which the structures of
journeys are fundamentally interwoven. Any model should allg
for change in the'number of trips per jdurney and the number
of purposes per journey. Generally, none of the empirical
research has been concerned with collecting data primarily to
identify, understand and model journey structures at a behav-
iourally responsive level. The majority of the research con- .
centrates on modelling known aggregate trip linkages. .

The time budget and travel diary approach, together with

necessary complementary information on the extent of planning'
of activities, obligation of allocated timé, habit, and '

dominance of activities, can help to develop hypotheses that
are more appropriate for modelling the nature of travel than
existing approaches. The work of Cullen and Phelps supports
the notions theoretically proposed by many that the piesent
disaggregate behavioural choice models do not adegquately
represent the true behavioural situation an individual faces
{especially in the short-run) since he does not consider
himself in a choice situation on a daily basis., The work of
Burnett (1974) comes‘close to the spirit of this paper, where
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