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INTRODUCTION

Mobi]ity research is concerned with the description,

explanation and forecast of the extent to which
individuals carry out movements in space. For a large
part, it thus stands for transport research as such. In an
attempt to present a brief outline of this field, it will
therefore hardly be possible to give a complete survey,
and the selection of topics will always be somewhat
arbitrary.

As a personal characteristic, mobility is usually mea-
sured by the number of trips a person completes during a
specified time period. The necessity and urgency of mak-
ing trips results from the compulsions and/or desires of
an individual to carry out social and economic activities.
Whether subjective mobility desires become an actual
mobility demand is largely determined by the mobility
opportunities of an individual, which are characterized
by the availability of transport modes, the ability and
inclination to buy transport services and the physical
driving or riding capability.

Initially, mobility research was almost exclusively des-
criptive in nature and in transport planning the future
level of mobility was treated as an exogeneous quantity
like motorization. Although the necessity of a behav-
ioural and causal explanation of mobility has been recog-
nized at a fairly early stage, suitable models have been
developed only in recent years. In order to evaluate what
has been reached in mobility research up to now.

— the characteristics of mobility,

— the determinants of mobility and, finally,

— the state of the art in mobility modelling

are discussed in the remainder of this paper.

CHARACTERISTICS OF
MOBILITY

As indicated above, the mobility of an individual is
usually measured by its trip frequency. The total number
of trips e.g. per day, however, is only a very crude mea-
sure since mobility is an extremely heterogeneous phe-
nomenon. The various components of an individual mo-
bility pattern may for instance be as different from each
other as a charter flight to Majorca or alittle walk to the
cigarette automat on the corner. Trips as the natural
elements of any mobility pattern can show quite diver-
gent qualities and features and their completion may
depend on quite different compulsions and choices re-
garding the purpose, spatial destination, transport mode
and route.

Mobility research has therefore first of all to deal with
these different features of trips. This refers mainly to the
following detail aspects:

— The functional distribution of trips according to the
various travel purposes

— The spatial distribution of trips (origin-destination
relationships)

— The modal distribution of trips

— The distribution of trips according to length and
duration

— The distribution of trips according to time of com-
pletion.

Since the empirical findings on the temporal, spa-
tial, modal, and functional distribution of trips are gene-
rally well documented, it is not necessary to repeat them
here. However, a few remarks should be made on the
functional aspect i.e. the travel purposes. These are of
particular importance as they predetermine to a large
extent the mobility behaviour of individuals with regard
to the choice of transport modes, and the other aspects of
trip making. According to the purpose (motive) of a trip
the following types of trips are usually distinguished:
work, education, business, shopping, recreation, and
passenger services. If a further division according to
weekday and weekend travel is undertaken, the mobility
components which have thus been defined are much
more homogeneous in themselves than the heteroge-
neous overall mobility of an individual. The current sit-
uation in the Federal Republic of Germany (FRG) is
characterized as follows [1]: work 29%, shopping 27 %,
recreation 21%, education 12%, business 7%, and ser-
vice 4%.

According to the importance of travel purposes wide
attention has been paid to this aspect within the scope of
mobility research. The analysis of the “purpose struc-
ture” of travel behaviour is increasingly shifting from an
isolated consideration of single trips to the investigation
of complete daily travel patterns. For the transition from
a certain transport purpose (activity) to the next — not
necessarily different - purpose, specific transition prob-
abilities can be identified. We shall refer to this again
later on in more detail. An important starting base for
further investigation of trip patterns is the empirical
result that the daily trip sequences of individuals are
strongly concentrated on only a few basic types. An
analysis of the travel behaviour of approximately 16,000
persons yielded nearly 1,200 different trip patterns, Half
of all mobile persons did however have one of the follow-
ing six trip patterns:

home-work-home (20.6%)

home-shopping-home (10.1%)

home-education-home (9.8%)

home-education-home-recreation-home (3.4%)

home-recreation-home (3.2%), and

home-work-home-recreation-home (2.9%).

In the widest sense, all types of spatial movements
including walks on foot should be considered as part of
the individual mobility pattern. Such a comprehensive
approach is becoming increasingly important in view of
the potential substitutability and actual substitution of
walks on foot by vehicular trips and vice versa. Inspite of
this fact, walks have up to now received relatively little
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attention in mobility research and few analyses have
been made. Past data are almost exclusively available for
vehicular trips.

These data indicate a strong growth of vehicular mobi-
lity in all industrialized countries. In the FRG, for in-
stance, in 1950 only 0.5 daily trips per capita were
carried out. In 1975, this figure was already 1.3 trips per
person and day, i.e. the growth amounted to approxima-
tely 180%. The length of trips has also increased dis-
tinctly. In 1950, the average of length of a trip was about
10 km, in 1975 approximately 20 km [2]. A more de-
tailed analysis shows that the development up to now has
been marked by partially extreme changes in the relative
and absolute importance of the various travel purposes.
While the average number of work trips per person and
weekday has been stagnating for quite some time, the
business and recreational mobility in the FRG has alone
during the last decade about doubled in volume. Shop-
ping trips per person trebled and mainly due to specific
developments in the German education system the num-
ber of school trips has grown fivefold [1,3].

DETERMINANTS OF MOBILITY BEHAVIOUR

A large number of different influential factors can be
identified as the causes of the described development of
mobility, depending on its multi-layered, multidimens-
ional structure. From a macro viewpoint, the primary
causes of the characteristics, scope, and development of
the demand for mobility can be classified as follows:

— Economic factors: these are mainly the income of
private households and growing labour division in the
organization of economic processes.

— Demographic structures: the most important are
the age structure of the population, activity and educa-
tion rates, and size of households.

— Settlement and spatial structure: the impacts of
these causal components are probably most easily dis-
cernible. Mobility demand results from the spatial sepa-
ration of basic activities, i.e. place of residence, work,
shopping and recreation. The way these activities are
spatially mixed or disentangled determines the necessity
and scope for each individual of connecting by trips his

various activities during the course of a day.

— Social behavior patterns: in this context, the pre-
vious development has been marked by an increasing
number of social positions and réles of the individuum,
not last on account of more leisure time. The growing
number of positions inside the family, at the workplace,
in societies, associations of political parties can be ob-
served in all industrialized societies as typical accompa-
niment of the economic development. It increases quite
inevitably the necessity of communication and integra-
tion and thus the demand for mobility [4].

— Transport network and transport mode supply con-
ditions: the previous development in practically all in-
dustrialized countries was largely characterized by mass
motorization, forced extensions of road networks and, at
the same time, decreasing intensity of services in public
passenger transport. These supply conditions have a di-
rect and immediate impact on mobility, for instance by
way of inducing trips through the initial purchase of a
car, regardiess of whether the resulting additional de-
mand is actually ‘““new” or whether it has already been
latently existent. Indirectly, transport supply affects mo-
bility by influencing also the other causal components
mentioned above. Since without transport supply mobi-
lity cannot materialize, the demand for mobility is a
“‘coupled”” demand for trips, and for the means of trans-
port they necessitate,

The possibilities to quantify the relations between the
macro-type determinants as described above and the
demand for mobility are very limited. Gross national
product, income and motorization can be used only as
crude indicators for the level of mobility. For example,
the close connection between the mean number of daily
trips per person and the motorization level of a certain
town or region has already been identified during the
early descriptive phase of mobility research [3, 5]. Any
real explanation of mobility, however, presupposes a
consideration of the socio-economic conditions of the
individual. Despite this, personal and household charac-
teristics have only recently been included in studies of
mobility behaviour which utilize individual instead of
zonal aggregated data.
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Figure I — Mean number of trips per person and weekday and
motorization level in 38 towns and regions.
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The analysis of major causal determinants of mobility
which was initially undertaken rather qualitatively and
globally from a macro viewpoint can be carried out much
more concretely within a micro analytic framework with
the individual as the study object. In several previous
studies, the following central socio-economic factors
have been identified [1, 6, 7, 8].

— Regularly recurring demand compulsions, as
mainly characterized by the occupational status;

— The individual mobility potential, i.e. the ability to
undertake trips, as for instance characterized by the
possession of a driving license, of an automobile or by
age; ,

g_ The social status, as for instance expressed by
household income or the education level of an indivi-
dual.

Of the socio-economic factors described in the fore-
going, those which are closest related to the total number
of daily trips, are — as expected — the most important
factors of influence also in mode-specific analyses.

Table 1 - Relative importance of various determinants of trip
frequency for different types of transport modes [1].

No. Total trips Walks

1 Licence poss. Sex

2 Car ownership Car ownership

3 Occup. status Housing conditions Age
4 Education Occup. status

5 Age Licence poss.

Bicycle trips

Licence poss.
Car ownership

Occup. status
Pos. in household

If the frequency of daily trips which an individual
undertakes by car, public transit modes, bicycle or on
foot, is analysed, in context with its socio-economic fea-
tures, the following dependencies become apparent:

— The number of trips, which an individual under-
takes is for each single transport mode largely deter-
mined by the same characteristics, above all by the pos-
session of a driving license, possession of a car, and by
occupational status.

— If a person is occupied and possesses both driving
licence and a car, the individual number of automobile
trips will, of course, be usually large. At the same time,
total mobility tends also to be high.

— The number of trips a person undertakes on foot, by
bicycle or public transport modes is chiefly determined
by the automobile availability of that individual. The
quality of supply with public transport facilities for in-
stance has a much less significant influence on the usage
of this mode. This confirms available experience from
specific transport mode choice studies.

Car trips (Driver) Bus trips

Licence poss.
Car ownership
Age

Pos. in household
Age (head of
household)

Car ownership
Licence poss.
Occup. status
Pos. in household
Sex

Except age all variables appearing in this list are binary. No income data available.

In Table 1 various variables are ranked according to
their importance in determining mobility. Ininterpreting
these results it should be noted, however, that the occu-
pational status was treated here as a binary variable
(employed, not employed). If instead the full “range” of
this characteristic (i.e. the categories employed, house-
wife, scholar, retired) was considered, the occupational
status of a person proves to be the clearly dominating
factor in most cases.

These empirical results have been obtained using a
variety of statistical techniques. It seems, however, that
the potential of methods of statistical inference has not
yet been fully utilized. This is especially true for multi-
variate methods.

MODELS OF MOBILITY
General requirements for mobility models

By the “condensation” of available empirical know-
ledge about the study subject mobility into a number of a
priori hypotheses, a mobility model is created. The deve-
lopment of such models must naturally be oriented by
the concrete information needs of transport policy and
planning. Statements on expected future developments
of mobility and on the probable effect of measures which
influence mobility will take a prominent position. From
these two major functions, the standards can be derived
which have to be required of models of mobility demand.
They can be summarized as follows:

— Explanatory value: The model should be multivar-
iate, i.e. it should contain state ments on structural inter-
relations and thus provide the basis for an analysis of the
effects of changing conditions.

— Forecasting capacity: The model should take into
account the intrinsic dynamics of mobility behaviour and
its interrelations with the relevant socio-economic and
technical systems.

— Policy sensitivity: The model should, in an opera-

tional form, contain as variables all determining factors
which can be influenced politically or by planning. Thus
itshould be suited to detect ways and means of achieving
certain targets.

As shown by the following critical assessment of ap-
proaches which have been developed up to now, no
comprehensive mobility model exists yet which meets all
these requirements.

Currently existing models
Model typology

For a systematic study of currently existing models, a
distinction should first of all be made between macro and
micro models of transport mobility. While for macro
models, spatial or socio-economic aggregates of indivi-
duals are the object of model design, micro models al-
ways attempt to reflect the behaviour of single indivi-
duals. With a micro model statements on behavioural
characteristics of certain populations are therefore only
possible after applying suitable aggregation methods.
Macro models are estimated on the basis of aggregated
data, while the statistical estimation of micro models
requires disaggregated individual data.

A classification according to the time element leads to
static and dynamic mobility models. While models of the
first category contain no time-dependent variables, dy-
namic models are characterized by explicit time depen-
dence of the variables. Temporal aspects can, within the
scope of static models, at best be taken into account by
comparative static analyses,

A third differentiation is finally undertaken according
to the question to what extent the models are based on
explicit behavioural hypotheses. Models which answer
this qualification are usually called behaviour-oriented.

This classification results in altogether eight different
categories of mobility models, to which the models deve-
loped so far can be assigned. As will be shown later, only
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six of these eight model categories have so far become
apparent. Therefore, in the subsequent discussion a dis-
tinction will be made only between macro and micro
models, the latter being additionally divided into static
and dynamic approaches.

Macro-analytical mobility models

Seen from a historicalpoint of view, macro-analytical
zonal trip generation models represent the first mobility
models altogether. The issue of model design in this case
is first of all the estimation of the relationship between
the number T of trips starting out from a traffic zone and
certain characteristics x; (j=1,..... ,q) of this zone (e.g.
number of inhabitants or number of cars per zone).
Typically, a linear stachastic relationship of the form
T=o+ X+ ...+ 0%y + € €8]
is assumed, with o0y, . . . .,0, being parameters, and e a
random disturbance variable, representing all non-
systematic influences on the number of zonal trips. On
the further assumptions of the classical linear regression
model, estimates &; for the unknown parameters can be
determined from zonally aggregated random sampling
data. Given forecast values x* of the exogenous varia-
ble, the expected numbers* of trips starting out from an
individual zone at a certain time interval in the future is
estimated by means of the relation
T =&, + axt + ... FOgxd (2)

Zonal trip generation models have quite a number of
weaknesses which have already been examined very tho-
roughly in the literature [9, 10]. The main points of this
criticism have been the following:

— The assumptions of the classical linear regression
model which form the basis of parameter estimation and
testing of hypotheses, are in reality often violated to such
an extent that the derived results are practically worth-
less.

— Zonal trip generation models explain only the va-
riation of travel behaviour between different zones and
thus not the real causes of the observed behaviour dis-
crepancies. High values of the multiple correlation coef-
ficient (R=0.95 is not rare) pretend a non-existing ex-
planatory quality.

— The results—in particular the parameter estimates—
depend heavily on the division into traffic zones and are
therefore not spatially transferable.

— Macro-analytical trip frequency models of the type
(1) do on account of their zonal aggregated characterasa
rule not contain policy sensitive variables in a form which
would make an analysis of the effects of alternative
measures possible.

A recent two-stage mobility forecasting model [11] can
also be classified as macro approach. In this model the
mean daily trip frequency T of the inhabitants of a town
or region is assumed to depend on the prevailing car
density x (number of cars per 1000 inhabitants):
T=o, +oyx +¢ 3)

The car density is largely regarded as an indicator
variable for the individual transport mode supply condi-
tions and the general economic status of the area under
survey. The parameters o,,0 of the regression model (3)
have been estimated on the basis of the values indicated
in Figure 1 (&,=.118, 6,=.006). By means of the
Gompertz-function
% = Eexp (-B,8! ) @)
a forecast of the car density has been carried out for the
Federal Republic of Germany, with t denoting the time
(the base year (t=1) was 1952). With an exogenously
given saturation level of £=400 cars per 1000 inhabi-
tants the parameter estimates B,=3.682 and B,=.906
resulted. A combination of the results of the regression
analysis and the car density forecast yielded

= al + axtr =
(.906) }

i.e. the forecasted value of the average daily vehicular
trip frequency for the FRG in year t. Naturally, % has
the character of a conditional point forecast of the mean
trip frequency for a given car density forecast xf. Start-
ing out from a current mobility level of 1.9 vehicular
trips per person and day (weekdays) this number rises
according to (5) to 2.2 by 1980 and to 2.4 trips per
person and day by 1985. For the year 1990 the value 2.5
follows, with the saturation level of average daily trip
frequency being at just 2.7 trips per day. In addition to
this point forecast, the limits of the respective (condi-
tional) forecast intervals for arbitrary future dates have
been determined. See Figure 2.

This approach has the advantage of being fully dyna-
mic, since the temporal development of mobility is des-
cribed by means of the saturation model (5). Its effect-
iveness is of course limited mainly due to the high aggre-
gation level of this model. In principle however further
refinements seem to be possible, for instance by means
of stronger disaggregation and introduction of additional
(causal) explanatory variables.

188 + 2.400 exp {(-3.682)
5

and weekday

Vehicular trips per person

e e Y

+ t —4 + — ¥ —)
s 10 5 20 25 30 3 40

- ¥ +
1975 1580 1985 10 Year

1955 1960 1965 1970

Figure 2 — Point and interval forecast of mean number of vehi-
cular trips per person and weekday for the Federal
Republic of Germany.

With some reservations, also category analysis [12]
can be regarded as a mobility model. In order to charac-
terize the mobility behaviour of households, these are
first of all broken down into individual categories by
means of household characteristics which have a signifi-
cant influence on mobility (e.g. household income, car
ownership, family structure). To these household cate-
gories specific mean trip rates will then be attributed.
Accordingly, in category analysis for forecasting purpos-
es the shares of individual household categories, on the
one hand, and the related mean trip frequencies, on the
other hand, must be estimated.

The category analysis approach is only to be classified
with reservations as a mobility model in as much as it
does not yield an explicit relation between mobility and
its determinants. There is in particular, no possibility
within the scope of this approach to assess the relative
significance of the various influential factors. The major
forecasting steps (forecast of category shares and specific
categorial mobility levels) are taking place outside the
actual “model”.

Static micro-analytical mobility models

Contrary to the macro approach, in micro-analytical
mobility models the individual or the household repre-
sent the study unit whose mobility behaviour is to be
explained. Linear regression models of individual trip
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frequency are based on a stochastic relation of the type
(1) with the exception that in this case T denotes the
daily trip frequency of a person or a household, and the
variables x;,...x, represent characteristics of indivi-
duals or households (occupational status, car ownership,
age, etc.), characteristics of the supply with public trans-
port facilities (e.g. distance to stops) as well as characte-
ristics of the opportunity potential (e.g. number of ac-
cessable leisure time institutions). For an estimation of
the constant a, as well the variable weights «, .. .,q,
disaggregated random sampling data on persons or
households are necessary.

As to whether the individual or the household are the
better suited study unit, opinions differ. In an empirical
study by the authors [1], the characteristics of the indivi-
dual (in particular the occupational status) were dis-
tinctly confirmed as major determinants of the indivi-
dual mobility level and accordingly the individual as the
best suited study unit. From other sides, however, it has
been requested to make the household the subject of
analysis [13], since household characteristics, as for in-
stance income and car ownership, are also of consider-
able importance for the mobility behaviour of indivi-
duals. The fact that mobility models on the household
level leave a considerable part of total variability of trip
frequency (i.e. behaviour variability within households)
unexplained, is borne out by the fact that the coefficient
of determination which reaches up to R2=:0.4 with
household regression models [14] is generally distinctly
below 0.3 with individual models.

It is evident that the problems of multiple regression
analysis (non-normality, heteroskedasticity, multicolli-
nearity) which are sufficiently known from statistical
literature, also occur in the development of regression
models of travel mobility. A discussion of relevant ques-
tions can be found in [13, 14, 15], where in addition
specification problems and further aspects, as for in-
stance the use of dummy variables and stepwise multiple
regression, are dealt with.

On the whole, it can be observed that a micro ap-
proach of the type mentioned has considerable advan-
tages over macro analytical regression models of mobili-
ty. The most important advantage is to be seen in its
causal character and in the fact that it is much more easi-
ly transferable, spatially as well as temporally, due to its
independence of special zonal divisions. On account of
these stability properties it is particularly suited for fore-
casting purposes.

The linear regression model of individual mobility
behaviour explains the observed behaviour divergencies
by inter-personal differences of the values of certain
variables — or more precisely—it assumes a linear depen-
dence of the expected individual trip frequency on its
determining factors. It does, on the other hand, not
contain any explicit hypotheses on the origin of these
behaviour patterns. This theoretical weakness is at least
partially overcome by the so-called behaviour-oriented
trip frequency models, which are based on the theory of
qualitative choice behaviour [16].

Itis not necessary to deal in detail with this approach
which in the meantime is very much in use within the
field of transport research. Models of this type explain
the probability
p] =P {T=]} (j=0511 i .,l'l) (6)
that an arbitrary person undertakes exactly j trips for a
certain purpose during aspecific time interval as follows:
The individual attributes to each ““alternative” j a certain
utility Uy, depending on the characteristics of this alter-
native which are combined in a vector X, and on the
vector s of the socio-economic characteristics of the indi-
vidual, i.e. U; = U (x;,s). It is assumed that the individual
chooses that alternative which offers the greatest utility.

Of course, for a randomly selected individual, Ujis a
random variable. According to the decision rule men-
tioned above, we have
{T=j} if and only if {U; = max Ux}
0<k<n (7)

Without loss of generality, U; may be represented in
the form U; = u(x;,s) + & (x;,s) where uis non-stochastic
and eis a random variable. If the value of the hy, explana-
tory variable for alternative j is denoted by yy,; where yy;
depends on x and s, and if it is assumed that foru; = u
(x},s) we have

g

uy = r§1 %h¥hy (8
it can be shown that under the additional assumption of
independent Weibull-distributed variables e,,¢;, . . .,&,
the multinomial logit model

(3=0,1,...,n)

= ( R .
Py = exp uj)/ ii__;oexp(uk)(3=o-,l, «..n) (9)
results. The unknown parameters o, . . .»0tq of thismodel

can be estimated according to well-known statistical
methods [16].

The expected value of the individual trip frequency is
given by .

T = E(T) =
J

According to (8) and (9) it depends on the
alternative-specific values ynj of the explanatory varia-
bles as well as on the parameters a,, , which express the
relative importance of the individual variables.

As compared with other aspects of travel behaviour
(in particular transport mode choice) logit models have
up to now only rarely been used for the estimation of trip
frequency. Referring to initial applications as, for in-
stance, described in [17] it seems promising to further
develop trip frequency models of the type and toanalyze
the influence especially of socio-economic variables on
an improved sampling data basis. The potential range of
application of choice models is to be seen mainly in
non-compulsatory travel (i.e. shopping and recreational
trips) since the completion of work and school trips is
almost completely determined by the occupational sta-
tus of a person.

n.
jp. 10
753 (10)

Dynamic micro-analytical mobility models

Owing to the exceptional importance of travel purpos-
es in the analysis of mobility it is advisable to formulate
separate trip frequency models for each travel purpose.
With such a breakdown of the overall mobility of a
person, of course, the sequential aspect of trip making
cannot be captured. Since quite a number of mobility
phenomena can, however, only be explained by the op-
timizing behaviour of the individualin the planning of his
daily activity program it seems only logical to develop
appropriate dynamic models. Currently three different
approaches can be roughly distinguished in this field:

— Markov chain models of the linking of activities,

~ models which are based on hypotheses on the
length of trip chains, and

— models which assume a trip generating process of
need accumulation

If the activities carried out by a person are interpreted
as states of a stochastic process, and his trips as trans-
itions between subsequent states, a highly developed
mathematical instrumentarium can be resorted to for the
description of the mobility behaviour. Particularly speci-
fic statements are achieved if it is assumed that the
described stochastic process is a finite homogenous
Markov Chain. By means of such Markovian trip chain
models, the distribution of population consisting of n
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persons over the set of various activities after completion
of their i trip can be determined by using the recursion
formula

8 = 8P (i=12,...) (11)
The jt component s;) of the row vector s, is the number of
persons who carry out an activity of type j (j=1,...,m)
before undertaking the (i+1)* trip, and the elements pj,
(pjx=0) of the (m x m) matrix P denote the probability of
a person’s passing on to an activity of type k (k=1,...,m)
as next state, if it is just occupied with an activity of the
type j. Apparently

m m
> s,.=n and P =1
=1 VRN

foralli=0,1,2,...and j=l,...,m, respectively. The vec-
tor s, is called initial state and P is referred to as trans-
ition matrix of the process.

If the state (activity) “home” is split into two states,
“from home” and ‘“to home” (the latter being absor-
bing), this model yields the expected frequency of trip
chains of any type, the expected frequency of the inci-
dence of a certain trip purpose within a trip chain, and
the expected “length” of a trip chain (number of trips
until the return to the home). For the calculation of these
expected values, merely the initial state s, and the trans-
ition matrix P must be known, since these two quantities
completely determine the Markov chain.

The weak points of this simple Markovian model are
obvious and are, for one thing, due to the Markov pro-
perty of the model, i.e. to the assumption that the proba-
bility of a trip to a certain activity only depends on the
last previous activity, and for another, to the homoge-
neity assumption that this transition probability is inde-
pendent of the fact where the particular trip in question
is ranking within the trip chain. Another weakness is the
fact that temporal aspects (travel time, duration of an
activity) are not taken into account. The first papers
which were published as early as the 1960s [18, 19, 20]
have in the meantime been generalized into various di-
rections [21, 22].

The basic inadequateness of this type of model how-
ever is its descriptive nature: Transition probabilities
must always be determined empirically, the model does
not offer the possibility of estimating them on the basis of
land-use, transport supply, and socio-economic data. A
critical evaluation of these models should however not
underestimate the fact that Markovian trip chain models
represent the first approaches into a direction of re-
search which is today regarded as the right one.

Besides Markovian trip chain models which build up
on hypotheses regarding the linking of activities by trips,
asecond type of dynamic micro mobility models is based
on assumptions on the probability of returning home
from a non-home activity [24, 25]. Starting out from the
empirically proven fact that short trip chains occur more
frequently than long ones, in [24] the following assump-
tion is made on the probability p(t) of carrying out an
additional trip to a non-home activity (in this instance:
shopping) given that t trips have already been carried out
since the last stay at home:

p(t) = exp (—t/A) (t=12,...) (12)

In (12) the parameter A is identified with the mean

" length of a trip chain and has to be determined empirical-

ly.
d The model developed in [25] is mainly concentrated
on the connexion between the process of linking trips
and the number of daily activities outside the home. If
this number is denoted by n and it is assumed that an
individual is just staying at its k™ non-home activity
(k=n), the destination of the next trip may be one of the
n-k places which have not yet been visited or the home,

i.e. altogether n-k + 1 destinations. If p (k|n) denotes the
probability of the event “‘trip back home from the k't
non-home activity provided that altogether n activities
outside the home are carried out”, the fundamental hy-
pothesis of the model can be depicted as follows:

p (kjn) = 1/(n-k + 1) (13)
i.e. the probability of a return to the home is the smaller
the more unattended activities are still on the daily pro-
gram of the person in question. Since from (13) it follows
for the expected value of the number C, of daily trip
chains of a person visiting n non-home activities

se,) =

the model is called harmonic seris trip chain model. Un-
der the hypothesis (13) the distribution of the length of
trip chains and the expected value of the individual daily
trip frequency can be obtained in dependence on n.

The advantages of the harmonic series model are tobe
seen in the fact that it seeks to describe the entire daily
mobility pattern of persons in a distinct manner and not
only single trip chains from such a pattern. Moreover, it
creates an immediate connexion between travel beha-
viour and number of daily activities. On the other hand,
itis a disadvantage that the model is based on an assump-
tion (Eq. (13) ) which seems very specific, that no activi-
ties of differing types are taken into account, and that the
ultimate results depend only on the distribution of the
number n of non-home activities. If the model is calibra-
ted, only the distribution of n, but not the observed
mobility behaviour would be taken into consideration.
The model also has a descriptive character, since it does
not contain any explanatory variables. This criticism in-
dicates at the same time possible approaches toward an
improvement of the model.

A third, very interesting approach starts out from a
classification into so-called “fixed” and “substitutable’
activities [26, 27]. While activities of the first kind are
carried out regularly at certain times and certain places
(e.g. work), the latter are marked by free choice of time
and place—at least within certain limits. Their occurence
depends on whether the respective need has exceeded a
certain threshold value. This threshold value depends on
the expected utility which is connected with the activity
in question, and on the distance from the place where the
activity is carried out. While the expected utility of each
substitutable activity can be regarded as fixed, the dis~
tance of the individual from the places of substitutable
activities changes in the course of its movementsin space
which are induced by the fixed activities. In this contextit
is assumed that given the expected utility of a substituta-
ble activity the threshold of the need increases with the
distance from the activity place. Consequently, for each
distance there is a minimum strength of the need re-
quired to incite a trip to the respective substitutable
activity, One of the focal points of the model is the as-
sumption that, starting out from a zero position, the in-
tensity of need grows as long as it takes to reach the
threshold value. After that, the respective activity will be
carried out and the need drops to the starting value to
begin accumulating again.

This principle of accumulation of need results in the
fact that in the demand for substitutable activities, two
alternative types of demand can be distinguished. In
those cases where a person is staying at a “base place”
(e.g. its home), and the need has been accumulated long
enough to exceed therespective threshold value, we may
speak of an autonomous demand. A controlled demand
is the case when the accumulation of need is not far
enough advanced to incite an autonomous demand, but
that during the course of a trip from the base to a fixed
activity, the distance of the person from the place of the
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substitutable activity is reduced to such an extent as to
make the accumulated need exceed the lower threshold
of need attributed to this distance.

In [26] several travel pattern models of this type have
been developed with varying degrees of complexity. The
case of exponentially distributed time intervals between
two subsequent fixed activities and an accumulation of
need following a Poisson process has for instance been
discussed. After complete specification, such a model
yields, besides a number of interesting expected values
(e.g.length of a trip chain, time interval between two trip
chains, and frequency of trips of a certain type during a
time interval) also estimates for the probability of a trip
chain to contain certain types of activities. These quanti-
ties could however only be determined in simpler cases
by analytical methods. For the more complicated models
this was not possible, and simulation techniques had to
be resorted to.

Without doubt, the need accumulation model repre-
sents an important contribution to the development of
mobility models since it explains the generation of travel
demand by the needs of persons for certain activities and
by the individual utility resulting therefrom. In its pre-
sent state of development it is however still as far re-
moved from practical applicability as the other trip chain
and travel pattern models. The problem of integration of
personal and activity characteristics as explanatory var-
iables is also still unsolved to a large extent.

Summary of Model Evaluation

The review of currently existing models in the field of
transport mobility has demonstrated the great variety of
all hitherto developed approaches. As shown in Table 2

with the exception of behavioural macro models all cate-
gories in the sense of the typology used here can be
found.

If it is now attempted to assess in the form of a sum-
mary to what extent these models fulfill the three re-
quirements of explanatory quality, forecasting capacity
and policy sensitivity, the following can be said:

— Explanatory quality: This characteristics, as far as
the integration of causal explanatory variables is con-
cerned, is most markedly present in multinomial logit
and individual regression (multivariate linear) trip fre-
quency models. The explanatory potential of trip chain
models is currently still very limited due to lacking consi-
deration of socio-economic variables. Only a light ex-
planatory quality can be accorded to all macro models.

— Forecasting capacity: This characteristic can pro-
bably at best be attributed to the regression model of the
micro type and the dynamic macro mobility forecasting
model. In the case of the logit model, the questions
connected with the aggregation problem have not yet
been solved to complete satisfaction. The zonal regres-
sion model is not very suitable on account of its parame-
ter instability. Trip chain models can at the moment not
be considered at all for longer-term forecasts, mainly
due to their descriptive character,

— Policy sensitivity: The integration of policy sen-
sitive variables in an operational form seems at best
possible with micro models of the multinomial logit and
multivariate linear type. With macro models, this is more
difficult due to their highdegree of aggregation, and with
trip chain models, not even first approaches exist at the
present time.

Table 2 - Classification of existing mobility models.

Type of Static Dynamic
model
Behavioural Non behavioural Behavioural Non behavioural
Macro — Zonal regres- — Two-stage
sion model mobility
(Category forecasting
analysis) model
Micro Multinomial Individual Need accumu- Markovian
logit model regression lation model trip chain
model model

Harmonic
series model

DIRECTIONS OF FUTURE MOBILITY
RESEARCH

This survey of the present state of mobility research
has made two major issues quite clear. For one thing, it
could be demonstrated that empirical knowledge of the
characteristics and determining factors of mobility have
already reached a comparatively high standard. For an-
other, it has become apparent that mobility research is
suffering from a deficit in theories which should not be
underestimated: no really satisfactory model of travel
mobility exists yet.

Behavioural micro-analytical trip frequency models,
for instance, have the advantage of being based on expli-
cit behavioural hypotheses and containing the significant
socio-economic explanatory variables. Their weakness,
on the other hand, is the oversimplified description of
individual mobility behaviour merely by daily trip fre-
quency. The dynamic trip chain models, for their part,
characterize mobility much more precisely, but are at the
present time still lacking in the integration of causal
determining factors.

From this disproportion between the empirical and
theoretical state of knowledge the emphases of future
theoretical mobility research are directly derived. The
aim should in this case plainly be the development of
models which explain the mobility behaviour of persons
by the pattern of daily activities with the help of plausible
assumptions on the individual decision behaviour. Ap-
proaches of this kind could for instance be the further
development of the harmonic trip chain model or the
need accumulation model. It would in this context also
appear a promising undertaking to follow up the travel
time budget approach [28] as well as the journey structu-
res approach [29].

All currently existing micro models are of ashort-term
nature, No method exists so far which shows how to use
these short-term behavioural models for long-term fore-
casts. A stronger concentration of research activities on
the long-term forecasting problem should bring the ne-
cessary complementation of the aspect of model calibra-
tion which has been strongly emphasized up to now.

Applied mobility research should in the future be
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more concentrated on actual mobility problems of our
society. Of particular urgency in this context seems to be
the identification of individual social groups, which are
at a particular disadvantage on account of insufficient
mobility opportunities, and the investigation of their
mobility problems. The analysis of the possibilities of
influencing mobility in order to reach an overall social
optimum distribution of mobility should also be seen in
this context.
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