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1 Introduction: a life-course approach
1.1 The problem
Spatial policy traditionally cuts across various sectors of policymaking,
such as employment, housing, transportation, health care, education, envir-
onment, etc. As decisions with respect to physical planning (re)create the
spatial structure that links activities such as living, working, and shopping,
this policy literally shapes an important part of the future of society. Spatial
mobility, both in terms of transportation and in terms of relocation (both
of firms and of households) has always been central to this field, but has
recently become the kernel of the national spatial policy in the Netherlands
for a number of reasons. First, daily mobility (and, more specifically, car
mobility) has become an important policy issue as a result of, amongst
other things, its environmental impact, and shows up as a central theme in
three recent White Papers of the Dutch government (Nationaal Milieu
Beleids Plan, Vierde Nota Extra, Tweede Structuurschema Verkeer en Vervoer).
The general view is that mobility should be reduced, controlled, and guided
towards public transport. The second reason is that the rapid expansion of
the urban area has increased the distance and the complexity of the links
involved. Accessibility and rapid transportation form important assets in
the spatial economic restructuring process that is vital to the country as a
whole. Third, this economic restructuring does not only influence spatial
linkages between firms but also between firms and their employees. This
has created spatial mismatches both in the labour market and in the
housing market. High unemployment rates and local housing shortages
exist alongside long-term job and housing vacancies. This is not just a
matter of sectoral segmentation of these markets, but also an expression of
a spatial divergence in the development of supply and demand (Louter et at,
1989; van der Laan et at, 1990). This has led to a territorial decentralisation
of employment and housing policies. Fourth, in Holland the nature of
the planning process has changed from blueprint, via process oriented, to
strategic planning (see also Birkin et at, this volume and Wegener and
Spiekermann, this volume). This change is accompanied by a reduction of
the national governments share in the total investment in physical infra-
structure and a more market-oriented policy, enabling market processes
rather than constraining them. This leads to a growing interest in and
dependency on the (re)location behaviour of the actors involved.
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Together this has led to a growing need to adopt an integrated approach
in which issues of economic opportunities, accessibility, livability, and
reduction of daily mobility for environmental reasons are dealt with
comprehensively (van Alteren et al, 1990). Because of its integrative nature
physical planning plays a key role within this more integrated approach.
A few examples are sufficient to explain the need for a comprehensive
approach. A restriction on commuting might exacerbate spatial mismatches
in the labour market. A reduction of commuting distances through the
stimulation of employee migration by means of fiscal policies is only effec-
tive if the housing market provides the correct opportunities to do so. The
relocation of firms over larger distances, because of limitations on site
development in the Randstad, for example, introduces new disequilibria in
the adjustment of workplace and place of residence. A policy that does
not take these complicated linkages into account might create new forms of
planning blight that can be adverse to the primary goals of that policy.

Unfortunately academic research in the Netherlands has contributed little
to support this new policy directly. Over the last decade research priorities in
spatial analysis seem to have drifted away from spatial change as such, in
favour of an analysis of the dynamics of the social phenomena involved
(van Weesep, 1988). This has certainly led to deeper understanding of these
phenomena, bringing the expertise of various disciplines such as demography,
economics, sociology, etc into spatial research, but has also led to a certain
degree of fragmentation in which the analysis of the interaction among social
phenomena and with spatial processes is only partial.

In this chapter I propose a research design which studies the linkages
between supply and demand in both the housing market and labour market
simultaneously, by modelling spatial mobility of households and firms from
three time perspectives (daily commuting, relocation, and lifetime mobility).
Obviously, spatial mobility in relation to the urban dynamics of firms and
households is not a new topic. An overwhelming literature on the various
forms of spatial mobility exists, originating from fields as diverse as housing,
labour, urban transportation and population studies, and written by geog-
raphers, economists, demographers, spatial planners, etc. Clearly the topic
can be studied from various angles. However, the multifaceted nature of
this phenomenon has hampered a unified approach. Research in this area
is always partial, ceteris paribus assumptions are made to an extent
unknown in other fields of research. The need to adopt a more integrative
approach is even more urgent from a scientific point of view than it is
from a planning point of view.

The call for a more integrated conceptual framework would be quite
useless in the absence of an appropriate methodology to link theoretical
constructs to real-world phenomena. In this application it will be argued
that three innovations in the field of spatial analysis: event-history analysis,
microsimulation, and geographical information systems (GIS) in combination
provide the link between a more elaborate conceptual framework and the
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real-world problems of spatial planners. The overall goal of the research
design can be stated as follows: to model the spatial mobility of households
and firms within one unifying approach in which macrodevelopments can be
translated into microbehaviour and vice versa, producing output that is relevant
in the context of spatial policy.

1.2 Spatial mobility and urban dynamics: an overview
Instead of concentrating on spatial mobility as such. my starting point will
be the dynamics in the separation between work and residential locations,
and spatial mobility will be studied in as far as it provides the link between
these two. Migration, residential mobility, and commuting are not only
providing this link, but are also highly interdependent, in the sense that a
decision with respect to one type of behaviour includes a trade-off with
respect to the other types of behaviour. It is therefore surprising that an
overwhelming body of literature exists with respect to each type, in which
no references or (implicit) unrealistic assumptions are made with respect
to the other types. Four fields of research can be distinguished which
together cover the study area of spatial mobility of households delimited
above.
(1) In the study of residential mobility various conceptualisations exist (for
example, stress-threshold, stress-inertia, disequilibrium, and utility models)
which are all expressions of a more general cost-benefit model (Clark et al,
1986). In the empirical applications only intraurban moves are studied,
assuming that relocation occurs within the daily activity space and that
residential relocation is possible without implying a change in workplace or
a loss of sociocultural contacts. Even though much attention is paid to the
costs of moving, the (change in) costs of commuting hardly ever enter the
analyses [see Brown (1975) for an exception]. Also the fact that the size of
the daily activity space differs tremendously between various groups
(Doorn, 1989) is not taken into account.
(2) On the other hand, in studies of migration the emphasis is on the
changes in work locations. The often implicit assumption is that the accep-
tance of another job at a location far away from the original residential
location necessitates a move of the individual or household. The region of
destination of the workplace `choice' is also assumed to be the new residential
region (Verster, 1986). The distinction between intraregional and interregional
moves is often made arbitrarily, based on data availability rather than
conceptual considerations.
(3) Studies of commuting by urban economists (following the work of
Alonso, 1964) typically assume the work location to be fixed, even though
the original assumption that work is located in the city centre has been
relaxed. The choice of a residential location is supposed to occur on the
basis of a trade-off between housing and commuting costs.
(4) On the other hand, studies of commuting by labour economists assume
the residential location to be fixed. Job search is supposed to be determined
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by the valuation of travel time as a proportion of the gross wage rate
(Beesley, 1965). This proportion differs among various groups. By including
the skill of the employee in the definition of the job search area, Simpson
(1980; 1992) added an important principle to this analysis.

In general it can be stated that, within each of these four fields, either
the workplace or the place of residence is assumed to be fixed. In the
late 1970s and early 1980s the need to study the interdependence between
migration and changes in workplace at the microlevel became apparent.
From each of the fields described above contributions were made to more
integrated studies (Bartels, 1979; Linneman and Graves, 1983; Siegel, 1975;
Simpson, 1980; Weinberg, 1977) in which the dominance of either the work-
place or the residence place was not fixed beforehand. Yet, with respect to
three aspects, these interdependency models have in turn been criticised by
Vickerman (1984): the models deal with the simultaneity of the decisions
to change work and residence place in time, though ignore the crucial
fact that they should be located in some proximity in space; it is also
assumed that people operate simultaneously in both the labour market and
the housing market, whereas in fact there might be considerable time lags
between both types of behaviour; and last, but not least, the utility function
is supposed to be universal. In reality, there are bound to be considerable
differences among various segments of the population.

One such study for which this criticism does not apply is that of Verster
for the Mobility Studies programme of the Netherlands Economic Institute
(NEI, 1977). Starting from the fact that every individual has a residential
location, alternative work and residence places are considered jointly, the
utility of each pair of locations being determined among other things by
their spatial proximity (see also Yapa et al, 1971). Decisions with respect to
commuting and migrating can therefore be seen as a result of a spatial
choice process and are either substitutes of, or complementary to, each
other. (NEI, 1977; Termote, 1980). In the absence of residential relocation, a
change in working address leads to a change in commuting, in turn substi-
tuting the migration decision. A change in residential address also involves
a change in commuting, which is then complementary to the migration
decision. By introducing the concept of reaction time it was acknowledged
that substitution behaviour might be temporary and could be followed by
a migration decision at a later date.

In the NEI study, the decision process is not supposed to be simultaneous,
but hierarchical; people decide on a work location first and then decide
on whether to adjust their residential location as well. The explicit assump-
tion is that people will change their residence place if it is too far from their
workplace, but will not change their workplace if it is too far from
their place of residence (Verster, 1986, page 110). Although this seems plau-
sible at first sight, it is clearly too limited. People may decide not to take
another job because they do not want to change their place of residence,
although people might decide to leave their job or to find another job
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close to the residential location of the partner with whom they want to
cohabit. In the Netherlands over 40% of all residential relocations coincide
with household formation or dissolutiori' (Hooimeijer and Linde, 1988). In
most instances this calls for a complementary decision with respect to com-
muting and often also with respect to place of work. A more recent study
(van Wissen and Bonnerman, 1991) shows that changes in home-work dis-
tances originate from changes in workplace more often than from changes
in residential relocation.

The workplace-dominance assumption is (implicitly) based on traditional
households having one (male) breadwinner. With 40% of the active labour
force being female this is clearly outdated. Although the Netherlands
traditionally has a low female participation rate, this is changing rapidly
at the moment, particularly among women aged 25 and over. Trend extra-
polations of female participation rates by the Economic-Geographic
Institute of Erasmus University show an increase from less than 30% in
1975 to more than 60% in 1995 for the 25 - 34 age group. This trend could
be observed in every type of region within the Netherlands. Similar trends
exist for women in the 35-44 and 45-54 age groups (Scholten et al, 1990).

In the early 1980s attention was drawn to the effects of increased
labour-force participation of women on spatial mobility decisions. Residential
mobility studies (Stapleton, 1980) stressed the constraining influence of the
location of the wives' workplace on residential moves. Migration studies
(Mincer, 1978; Mueller, 1982) showed that the propensity to migrate was
less among two-income households and that spouses migrating with their
husbands suffered from a (temporary) loss in income. Commuting studies
(Madden and White, 1980) showed that women `prefer' shorter commuting
distances and that there is a clear difference between married women and
single women in this respect. Madden and White also discern the tendency
among employers to relocate towards the suburb in which an abundant
female labour force is present and conclude that a general equilibrium
model which represents the market clearing of land and labour lrnarkets
both for firms and for households is needed.

The contribution of these studies to the conceptualisation of spatial
mobility is much wider than the conclusion that women behave differently.
More generally, it has led to the conclusion that separate behavioural models
will have to be employed for various segments of the population. Doorn
(1989), starting from the assumption that labour, housing, and household
dynamics are highly interrelated, showed the diversity of spatial mobility
behaviour of various segments of the labour force. Clustering individuals on
the basis of seventeen social, economic, and demographics characteristics
into seven `lifestyle' groups, and using these groups as a priori segments, he
showed that their mobility profiles were clearly different. In a follow-up on
this study, Doorn and van Rietbergen (1990) demonstrated that various life-
style groups responded differently to a relocation of the firm that employed
them. Gender differentials made up an important part of this variation. i

Q
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An even more pervasive conclusion is that many households have to
combine one place of residence with two places of work. This has much
wider implications than just a reduction in the individuals propensity to
migrate (Verster, 1986). Spatial relocation behaviour (with respect both
to residence and work) will be a joint decision among (employed) partners
in a household.

The conceptual flaws in the present research on spatial mobility of
persons can therefore be summarised as follows.
Partial approaches fail to grasp the interdependencies between commuting,
residential mobility, and migration.
The specific spatial content is ignored in most models.
Decisionmaking with respect to commuting and migration is often seen as
an individual process, whereas in reality it involves trade-offs within a
household.
It is (therefore) incorrectly assumed that hierarchical decision rules, giving
a priori dominance to work locations, hold for the total population.
Retreat from and (re)entry into employment are disregarded as parts of
the adjustment process.
The effects of changes in the regional demand for labour on spatial mobility
and on labour-force participation are largely ignored.

The implications of the conclusion that the spatial mobility of persons
and households is dependent on the spatial dynamics in demand for labour
are far reaching. It means that the spatial behaviour of firms should be an
integrated part of the analysis (see Birkin et al, this volume). Locational
behaviour of firms has been the subject of many studies in economic
geography and regional economics. In his overview of research in this field,
Pellenbarg (1985) distinguishes two main streams in the theory of locational
behaviour. The classical theory, which moves from a simple `least cost'
approach through a 'market-oriented' approach towards a `locational inter-
dependence' approach. The locational interdependence approach gave rise
to the still very popular technique of input-output modelling. The general
criticism of this approach is well known; space is largely seen as homoge-
neous, the approach does not offer any opportunities of conceptualising
dynamics in location behaviour and the `model of man' employed is strictly
rational.

The second stream identified (and labelled `modern') by Pellenbarg
arose from this criticism of the `model of man'. After the more general
upsurge of behavioural geography, the study of migration motives at the
microlevel of the individual entrepeneur became important. In this approach
the perception of the production milieu by the individual plays a key role.
One of the insights produced by these types of studies is that most of the
relocation of firms is over very short distances. Loss of personnel and clients
are an important motive for relocating in the vicinity of the previous location.

Much more important than the study of migration motives, however,
is a third stream, in which the dynamics of the (regional) economic
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development are the central issue. The life-cycle approach, which was
inspired by a more general reevaluation of the study of cyclical change in
economics (Nijkamp, 1985), offers a more integrated approach to the study
of shifts in regional demand for labour. It links the (re)location behaviour of
firms to the internal development of the corporation as well as to changes in
its (market) environment. Innovation is seen as the driving force behind this
development and therefore plays a key role in the understanding not only of
market behaviour but also of (re)location behaviour of firms (Molle, 1985).

1.3 Spatial mobility and urban dynamics: a definition
From the above presentation it might be concluded that the complexity
of spatial mobility is overwhelming and highly individualised, and that
any attempt to model this type of behaviour is futile because of the com-
plex interactions involved. In the following sections a unifying framework
will be presented in which various interactions can be conceptualised in a
consistent way. The starting point for this elucidation is a definition of the
nature of spatial mobility behaviour and its relation with urban dynamics,
based on the discussion of the literature so far. This can be summarised as
follows. Spatial mobility is the result of the necessity to link work and
residence locations both at the level of the individual decision unit and at
the level of the regional housing and labour market. At the level of the
household, spatial mobility (commuting, residential mobility, and migration)
is a means (involving both time and monetary costs) to combine ends with
respect to working, housing, and living of the household members. At the
level of the firm, again locational behaviour is a means to an end, adjusting
site and situation to endogenous and exogenous change. At the level of the
region it is the process which clears the land, labour, and housing markets
both for firms and for households.

To study the process of spatial mobility in a more comprehensive manner,
three types of interactions will have to be elucidated: between the basic
activities of people, between the microlevel and the macrolevel, and
between social and spatial processes. It will be shown that the interactive
interpretation of the life course (Runyan, 1984), together with its spatial
equivalent, the chronogeography (Parkes and Thrift, 1980), provide an inte-
grated framework in which time, space, and substance can be synthesised.
After having demonstrated the usefulness of this concept in understanding
spatial mobility of households, I will show that this perspective also holds
considerable promise in understanding the spatial organisation of firms.

1.4 Spatial mobility and urban dynamics: a methodology
In the process of spatial mobility, persons (preferences) and situations
(opportunities and constraints) are relatively stable. The dynamic aspects
(behaviour) can be understood from the interaction between person and
situation, which varies considerably over time and space. This assertion
provides the basic handle to unravel the complex interactions introduced
above. Though one cannot step into the same river twice, one might
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understand the course of its flow from the shape of the banks and the laws
of gravity. Starting from this general principle a number of methodological
issues can be resolved.

It will be shown that three methods used in combination provide a
promising avenue to implement the spatial life-course perspective sketched
above. At the level of the individual (person or firm), behaviour can be
modelled with the use of life history analysis. Although this approach is
capable of modelling the individuals reaction to her/his environment, it
does not model the environment itself. Microsimulation is an efficient,
planning-relevant instrument to match individual persons and firms to
their environment, allowing for macrodevelopments to be translated to the
situation of the individual and for aggregation of individual behaviour.
Microsimulation itself, however, cannot provide the necessary detail on the
dynamics of constraints and resources offered by the spatial system. GIS
can be used to help to solve this problem.

The present expertise at the Faculty of Geographical Sciences of the
University of Utrecht, with respect to simulation models, has been developed
within the STEPRO research programme (Research Programme on Urban
Issues of the Department of Geography of Utrecht University). Two types of
models have been developed: dynamic household models and dynamic hous-
ing market models (Hooimeijer and Linde, 1988; 1991). Both type of models
find their roots in multidimensional demography. The ongoing research per-
tains to two type of models. The first is an integrated multistate demographic
model of household dynamics, housing-market search, and housing alloca-
tion, operating at the level of a user-defined number of municipalities (Hooi-
meijer and Heida, 1994; 1995). The second is a model which takes the GIS
overlay analysis and potential maps as a starting point to simulate the
housing-market effects of various scenarios with respect to construction of
dwellings in the Randstad (Geertman and Ritsema-van Eck, 1995; Hooi-
meijer, forthcoming).

In this chapter a more far-reaching methodology is proposed to develop
and extend the existing multistate models into a microsimulation accounting
model disaggregated spatially. As Clarke explains at the start of this volume,
microsimulation models consist of two parts, a microdata base and a number
of modules that describe the behaviour of the individuals (objects) in the
database. The generation of the database will be dealt with below. The
eventual model should consist of two parts, one model of individuals,
linked to other individuals, to a dwelling, and to a job, and another model
in which jobs are linked to a specific site and the site is linked to a firm.
The microsimulation model for the households will be developed in a
number of steps. First, the microdatabase will be generated with the use of
procedures described below. In this database individuals will be linked
to the other persons in the household by means of pointer attributes which
exactly indicate the other persons in the database who share the same
residence address (Hooimeijer and Oskamp, forthcoming). With the use of
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the same methodology, the other links are with the database on the
dwellings and the database on the jobs. The second step is the development
of three modules: a demographic module, a housing market module, and a
labour-market module. By running each module separately, with the use of
parameter estimates from the corresponding multistate models, a baseline
model can be created. By the use of Monte Carlo sampling, comparison of
the results with the output of these models provides information on the
variance introduced in the model. By comparing the modules with each
other within the microsimulation database, we can show the inconsistencies
that are bound to appear when estimates are derived from separate models.
This can provide us with clues with respect to priorities in improving
parameter estimates. The baseline model will serve as a point of reference
to evaluate progress in modelling performance in the next steps of the
analysis.

The third step will be to replace existing parameters with the parameters
from the so-called hazard models estimated in the project described below,
again evaluating the effect this has on the internal consistency of the model
and the overall performance of the model. The definition of hazard models
will also be given below. The fourth step will be the incorporation of a
feedback mechanism and competition-based heuristic (for the allocation of
partners, dwellings, and jobs) which cannot be captured by the hazard
models.

A corresponding longitudinally specified simulation model of the lifetime
mobility of firms has only recently been established in the Netherlands.
Research in this field used to be largely descriptive and cross-sectional.
Recent work at the Netherlands Interdisciplinary Demographic Institute
(Ekamper and van Wissen, 1994) is aimed at developing a `demography of
the firm', including it life-table analysis of births and deaths and `growth'
models of individual firms based on the aggregate demand patterns within
regions and the `transportation tolerance' of the production and delivery of
goods and services by these firms. This work could be extended with the use
of procedures which are parallel to those employed in setting up the house-
hold model. The first step is to generate the microdatabase of plants, linking
individual establishments to others in corporations and to their employees by
the use of pointer attributes.

The second step is to devise modules that can be used to estimate the
development of the plant in terms of employment and its concommittant
space requirements and locational behaviour. The third step is to replace
the parameters on expansion and reduction and on (re)location behaviour
(including starts and `deaths') by the longitudinally specified parameters
which will be derived from the event-history analyses in the project on the
demography of the firm. The fourth step again is the incorporation of feed-
back mechanisms (for the allocation of real estate, employees, and clients)
that cannot be captured by the hazard models.
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A very important step in the microsimulation is the creation of the
database. In the absence of census material (the last census held in the
Netherlands dates from 1971) a different method of generating this database
will have to be employed. As the problem of absent, or inaccessible, census
material is common to more countries than just the Netherlands, the
methodology for synthetic data generation on populations is already well
established. Most prominent in this field is the research by Birkin and
Clarke (1988) at the School of Geography of the University of Leeds that
produced SYNTHESIS (synthetic spatial information system). This method-
ology is based on a combination of iterative proportional fitting (IPF) and
Monte Carlo sampling (see again Clarke and Birkin et al, this volume, for
more discussion on this research programme).

Two types of data are crucial to the method: information on the
statistical relation between characteristics in the form of contingency tables
(which may be derived from population statistics at a higher spatial level
or from samples) and population statistics on a number of marginal
distributions, at a lower spatial detail. In the Netherlands population statis-
tics are well provided at the municipal level. Many municipalities provide
detailed statistics at a much lower level. With the use of the land-use
information from the GIS, much of this information can be spatially
assigned to various parts of the municipalities. Contingency tables linking
various persons in households can be derived in great detail from the
Housing Needs Survey (WBO), as are contingency tables linking households
characteristics to dwellings. Contingency tables linking persons to diverse
jobs at various commuting distances dependent on the means of transport
used are available from the Labour Force Survey (EBB). By using this
methodology it is possible for us to generate a synthetic population of
dwellings, jobs, and persons, linked together on the basis of much more
information than normally would be provided in any single data set.

The same procedures can be used to provide the initial estimates on
the population of firms at a detailed spatial level. Two sources of information
are available. The first is the registration of firms (ERBO enquete) by the
Chambers of Commerce. This, however, does not include the public sector.
A better registration is the National Information System on Employment
(LISA). This is a (spatially) very detailed registration of nearly all of
the establishments in the Netherlands, including the relation with main
establishments, type of economic activity, size, and composition (including
number of working hours) of the personnel.

2 A life-course approach to household behaviour
2.1 Housing, labour, and household dynamics at the microlevel
As introduced by Birkin et al (this volume), the life-course perspective
perceives the individual as passing through a number of stages with respect
to various careers. Within each career the individual follows a path through
life, in which various states are occupied and in which transitions between
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states can be related to events. This developmental view of the individual
with respect to housing, labour, and household dynamics is not new. The
traditional conceptualisation of household dynamics as a progression over
a life cycle was constructed decades ago (Glick, 1947). The concept has
met severe criticism in the past (Trost, 1977), because of the fact that only a
minority of the individuals tend to pass through the traditional sequence
of stages that is defined in the original formulation. From the same perspec-
tive housing-market and labour-market behaviour can also be seen as a
progression over a career. Presented in isolation these concepts again have
met considerable criticism. as they could not account for observed behaviour
being often contradictory to an idealised career. A life-course perspective in
which the various life paths are presented as parallel careers (that is, as a set
of idealised careers that develop simultaneously) would certainly be more
comprehensive, though not innovative.

The appealing feature of the concept of the life course, however, is not
that parallel careers exist, putting behaviour in the proper longitudinal
perspective, but that careers (behaviour) evolve as a result of the interaction
between persons and situations (Runyan, 1984). From this interaction, con-
flict and complementarity between careers might arise. At the individual
level, the state with respect to each career determines the situation of the
individual. Decisionmaking will take place with respect to this situation.
Behaviour, however, might be aimed at changing the situation. Person and
situation are therefore mutually determining.

Two aspects of this interaction are crucial to understanding behaviour.
The situation can both enable and restrict behaviour. A rise in income
enables one to increase housing consumption. The birth of a child will
restrict female participation in the workforce at least temporarily. Behaviour
can thus be regarded as a series of trade-offs between various careers. This
explains why behaviour might seem irrational when careers are studied in
isolation. This also solves the problem of simultaneity in decisionmaking,
a point raised by Vickerman (1984). People do not always operate in the
housing market and the labour market at the same time, trying to secure
new positions in each, but regard their present and future housing market
and household position when engaging in labour-market search and vice
versa. Each career can be seen as a process in which individuals adjust their
present situation to the short-term aspirations and their short-term aspira-
tions to their long-term goals. The advancement in one career may be
postponed in favour of the other (for instance buying a house or having
children may be postponed to develop the professional career). This principle,
which is in accordance with human capital theory, has been described for
housing-market behaviour (Kendig, 1984; Priemus, 1969), for labour-market
behaviour (Kipnis and Mansfield, 1986), and for fertility behaviour (Siegers,
1985). This explains' why disequilibria in, for instance, housing might persist
without a propensity to move in the short run. Past decisions and future
goals with respect to other careers constrain behaviour with respect to the
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career at hand. The relative importance people attach to each career should
be judged from the long-term preferences. People differ with respect to the
dominance given to one career over the other, commonly referred to as
lifestyle differentials, which explains why various utility functions hold
for diverse segments of the population [this view is compatible with the
definition of lifestyle of Salomon and Ben-Akiva (1983)]. This implies
that hierarchical decision rules might exist but do not necessarily involve
dominance of labour and its work location.

2.2 The interaction between the microlevel and the macrolevel
The life-course perspective is not limited to the individual level, but can
also be used to conceptualise the interaction between the microlevel and the
macrolevel, both in the short run and in the long run. Again the central
concept is the interaction between persons (or households) and situations.
In this case, however, situations do not refer to characteristics of the person
(the job or the dwelling) but to the wider social system which determines
the provision of jobs and housing opportunities and which imposes
constraints on access to these opportunities (qualifications needed, etc).
The dynamics in the behaviour (careers) of the individual cannot be under-
stood without knowledge of patterns of provision of opportunities and
imposing of constraints within the (regional) housing and labour market, as
these determine the individual's ability to change the situation. Economic
restructuring for instance will lead to job redundancies which, at the
individual level, could lead to unemployment, job search, and therefore a
change in spatial mobility.

Although the individual cannot change these patterns of provision, society
at large is certainly sensitive to the wants and needs of the collective
(for instance the government, in the provision of housing, will try to keep
pace with the increase in the number of households). Ryder (1965), in
his seminal article, explains how the cohort is both a product and an
instrument of social change. At the level of the macrobiography of the
cohort, the mutual determining nature of population and society is just as
clear as that of persons and situations at the microlevel.

2.3 The interaction between space and substance

The third type of interaction, between substantive and spatial processes,
acknowledges the fact that careers do not develop in a spatial vacuum.
Working, living, and cohabitation are localised in the place of work and
place of residence, because job and housing opportunities are offered at
specific locations. The sequence of locations the individual occupies over
the life course is often referred to as the life path (Hagerstrand, 1970).
Transportation allows people some choice in terms of residential location
within a range determined by the time and monetary costs (the daily path)
and accessibility to the transport structure. If either the work or the
residence location is fixed for one reason or other, the maximum range of
daily travel determines the search area for housing or labour, respectively.
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The extent of this search area will be different for various segments of the
population depending, among other things, on their time and monetary
budget and the mode of transport [this is in accordance with the extension
of the traditional time-space geography into chronogeography, see Parkes
and Thrift (1980) and de Pater (1985)].

However, the progress in one career might also lead to a revaluation
of locational aspects of other careers (for instance, the desire for a person
to cohabit with someone might result in them giving up their present work
and residence location). At the individual level spatial mobility arises from
the interaction between substantive processes (careers) and spatial situations.
The dynamics in each career (labour, housing, and household) are motivated
by (short-term and long-term) preferences, constrained by locational deci-
sions with respect to this and other careers in the past and by the (in)ability
to reconsider these locational decisions.

These locational constraints account for seemingly irrational behaviour
that, if we take a closer look, is just a matter of understanding time lags.
For instance, people may travel large commuting distances after a workplace
relocation, because they expect that residential relocation will be possible
in the future; for instance when the partner has found work near this work
location. The change in workplace certainly triggers the residential reloca-
tion, but only after a period of time. Likewise, `anticipations' may account
for a reversal in the sequencing of events that indicates a normal chain of
cause and effect. For instance, people may decide to buy a dwelling in a
different part of the country because they know that their future workplace
will be located there. The cause of the residential relocation is still the
workplace relocation, but the timing of the events is reversed.

This interaction of substantive processes with spatial situations has an
equivalent at the macrolevel at which the spatial provision of housing and
jobs is influenced by the location of demand for housing and supply of
labour which are the result of past patterns of investment. It also has a
redistributive effect on the population at the same time. The interactive
life-course perspective offers a theoretical basis for understanding the inter-
actions which produce spatial mobility behaviour. This behaviour will often
take the form of ad hoc compromises in which long-term preferences are
adjusted temporarily to be able to use opportunities or to meet constraints
that arise in the direct or wider context of the individual. In exercising
spatial mobility, individuals adjust to and at the same time (re)produce urban
dYnamics.

2.4 Interactions among careers: event history analysis
The appropriate methodology in analysing longitudinal data from a life-
course perspective is event-history analysis (Allison, 1984). The technical
specification of this type of analysis into a specific method is often referred
to as hazard modelling. The common element of hazard models is that
they relate events to the (duration of exposure by a) population at risk to
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experience these events. This requires longitudinal data that can be collected
with the use of panels or retrospective surveys. A whole class of hazard
models has been developed, most of which can be estimated with both
continuous and discrete time models as well as various parametric models
(Aitkin et al, 1989). A well-known example of a parametric method is the
proportional hazard or Cox regression model (Cox, 1970). A very popular
nonparametric method is the log-rate model (Laird and Oliver, 1981), based
on log - linear analysis. Logistic regression can be considered a discrete time
hazard model, estimating the probability of the occurrence of an event during
a fixed interval of time.

The hazard function is particularly useful for a number of reasons.
By explicitly relating the number of events to the population at risk it solves
the problem of censoring (Tuma and Hannan, 1984), and provides us with
a consistent way of estimating instantaneous rates of transition from
various data sources. This also solves the problem of the sequencing of
events, which occurred in multistate demographic models in which events
had to be assumed to be distributed uniformly within the unit time interval
of the model (Willekens, 1990). Using hazard rate models for multiple
events (such as the competing risk model) allows us to estimate several
hazard rates simultaneously. An early example of the potential of hazard
models to parameterise migration behaviour, including both bivariate and
multivariate problems, with the use of parametric and nonparametric
methods, was given by Courgeau and Lelievre (1988). They made explicit
how multivariate hazard models can be used to estimate interactions among
various careers.

In the interpretation of the parameters of the hazard models (and to
include the proper dependencies), the mechanism causing dependence
between risks should be clear from a conceptual point of view (Hachen,
1988). It is therefore necessary to specify the decision process underlying
the events that people experience. Essentially this means answering the
question of how search behaviour is structured (Molho, 1986). Search
models have been designed for labour-market search (Lippman and McCall,
1976; Mortensen, 1986) and for housing-market search (Aitken, 1987;
Clark, 1982; Goetgeluk et al, 1995). The formation of consensual unions has
also been modelled as the outcome of a search process. This involves the
estimation of a pool of males and females in search for a partner and a
matching algorithm that allocates potential partners on the basis of their
preferences (Klevmarken, 1991; Montgommery, et al, 1988).

A general search model has been constructed by Gordon and Vickerman
(1982), in which the outcome of search is expressed as the product of
three conditional probabilities: the probability of being in search in a
specific period in a particular area; the probability, conditional on search,
of receiving an opportunity of a specific type (of housing, of jobs, etc)
from a specific area; the probability, conditional on receiving such an
opportunity, of accepting it. To be able to use this search model in the
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life-course perspective described above, we need to recognise that each
phase warrants some specific attention and has different methodological
implications.

2.4.1 Entering search
Search is often modelled as a discrete probability of entering (and abandoning)
search on the basis of disequilibrium (stress or dissatisfaction) as a precon-
dition to accepting opportunities. From the concept of interactive careers,
it can be argued that this simple dichotomy of either being in search or
not is incorrect. For instance, if a residential relocation is a necessity to be
able to accept a job offer, housing search will be very intensive. If the
residential relocation is motivated by a slight preference for more spacious
or luxurious accommodation, people might describe themselves as not
actually searching for another house. However, knowledge of an opportunity
might trigger a residential relocation [often referred to as `windfall moves'
McCarthy (1982)]. This is consistent with the principle added by Pickles
and Rogerson (1984) that search is continuous, but that the intensity might
vary. Instead of defining search as a state (being at risk to accept an
opportunity), it should be defined as a search rate.

2.4.2 Receiving an opportunity
The probability of receiving an opportunity (the arrival rate) is largely
exogenous to the individual. It does not only depend on the creation of
vacancies (job creation and turnover. dwelling construction and turnover,
partner arrivals) but also on the accessibility of these vacancies (qualifica-
tions needed, often dependent on the position on other careers). Although
the reception of the opportunity is a basic part of the decision process, it
will have to be modelled separately before being linked to the decision
process (Pickles, 1980). The loss of an opportunity in use (demolition of the
dwelling, removal of jobs, etc) should be part of this modelling effort, as
this is also exogenous to the individual. The modelling effort should not be
limited to an overall estimate of housing and job supply, but also include
the locations of vacancies in various segments of the markets.

2.4.3 Accepting an opportunity
The interaction between careers is most prominent with respect to the prob-
ability that an opportunity will be accepted. The decision rules involve a
simultaneous decision with respect to residential (re)location, job (re)location,
and commuting, even if only one opportunity is offered pertaining to a
job, a dwelling, or a partner. In the case of two wage earners, the decision
involves multiple job locations and commuting distances. One of the major
challenges of the research programme is to come up with hierarchical
decision rules. For instance, the acceptance of a partner (in terms of coha-
bitation) will imply a residential move of at least one of the two. Which of
the two will move is dependent on the quality of the dwelling and of the
job of each of the partners. The search area will be different for each event
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and more importantly will vary considerably for diverse segments of the
population. The size of the job search area will be dependent on the skill of
the employee (Borsch-Supan, 1990). Acceptance of a new job will be much
easier if it is located within commuting distance of the place of residence
(dependent on location of both with respect to transportation infrastructure,
and the time and monetary costs involved). Whether or not a job outside the
commuting area will be accepted will also depend on the quality of the job of
the partner.

The essential contribution of the methodological framework sketched
above is twofold. First it offers a critique on the mainstream research on
observed behaviour. In this research the occurrence of events (a job change,
a residential move, a union formation) is modelled as a single probability
or hazard. However, the search model indicates that the hazard describing
the occurrence of an event is really a product of three separate hazards
and that it would be preferable to analyse these separately if the data allow
us to do so. In particular the distinction between the arrival rate (which is
exogenous) and the search and acceptance rate (endogenous) is crucial.
Willekens (1988) offers a hypothetical example for partner search, whereas
Pickles and Davies (1991) and Davies and Pickles (1991) offer an empirical
example for housing-market search. This provides one solution to the
debate on the modelling of revealed versus stated preferences in housing-
market and labour-market analysis (Goetgeluk et al, 1994). The study of
revealed preferences takes overt behaviour as a starting point, analysing the
probability or the hazard of a residential relocation or a job change, assum-
ing utility maximisation and ignoring the fact that the actual move is not
only determined by the preferences of the individual or household but also
by whether suitable vacancies are being offered. The study of stated prefer-
ence has a measurement of the preferences of individuals or households as
a starting point, regardless of whether an offer will actually occur. The
acceptance rate is analysed in terms of the search model.

Second this methodological framework offers definite clues as to how to
incorporate hitherto omitted covariates and constraints: for instance, the
location of a job vacancy and the quality of the job of the partner in the
analysis of job search. Put another way, the perspective of the life course as
interactive careers offers a clue to incorporate restrictions on behaviour that
arise from other careers. This issue will be elaborated on in the next section.

2.5 Interactions between decision units and their environment: microsimulation models
Using the search model, we can define the link between the decision
unit and its environment as the rate of arrival of opportunities to exercise
behaviour. A very important aspect of this part of the search process is
that the creation (or indeed the loss) of opportunities is exogenous to the
decisionmaking unit as are the constraints which limit the ability of actually
using the opportunity offered. The implication of this is that the relation
between the microlevel and the macrolevel is not just a matter of aggregation.
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Decisionmaking with respect to opportunities can only be influenced to a
limited extent by the unit wanting to use the opportunity.

Aggregate models such as spatial interaction models have a specification
which is in accordance with the search model described above. The genera-
tion (push) component corresponds with the number of people in search,
the attraction component with the opportunities provided, and the distribu-
tion component is based on the distance deterrence function which is crucial
in the acceptance of opportunities. This type of model has been applied to
various forms of spatial mobility with relative success. As the distance func-
tion will be different for various segments of the population and various
types of spatial behaviour, a multistream gravity model has been developed
(Molho, 1986). Also simultaneous aggregated models have been calibrated
(Evers and van der Veen, 1986).

However, macromodels, even in disaggregated versions, have a major
shortcoming in that they always imply some form of zoning. This introduces
problems of pseudomigration (short distance, but crossing borders between
zones) and cryptomigration (long distance within zones). A proper definition
of the search area is difficult with such techniques. Space is continuous
rather than discrete, implying that areal units should be very small, to
represent this feature. A second shortcoming of this approach, which is
particularly relevant when disaggregation and simultaneity are introduced,
is the ecological fallacies which arise in the form of spurious correlations
(Evers and van der Veen, 1986). They clearly lack a specification of the
behavioural responses at the individual level.

Microsimulation models do not share these shortcomings, but do share
the advantages. The advantages and disadvantages of microsimulation
models have been extensively discussed in the first two chapters of this
volume. However, it is useful to recap on a number of these in this chapter.
In terms of advantages, it is possible to incorporate the opportunities and
the constraints imposed on use of these opportunities. They also have a
robust accounting structure and can therefore produce consistency checks.
The database of a microsimulation model will either consist of the totals
(or a representative sample) of not only the population, but also the dwelling
stock, the number of jobs, etc. A proper accounting structure allows for
checks on internal consistencies-for instance, the number of households
should equal the number of dwelling minus the vacancies-often referred
to as multimodule validation, and on external consistencies-for instance,
the estimated number of unemployed should be equal to the official register-
which is known as out-of-sample validation (Caldwell, 1991).

As the individuals in the database occupy positions with respect to
each career, the derivation of subpopulations, sharing the same features
(both substantive and spatially), is possible at any time. Microsimulation
has other definite advantages over the disaggregated macromodels. First,
complex interactions of various parts of the behavioural system can be
modelled sequentially, which allows for modules to be developed separately.
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Second, with the use of the random generator of Monte Carlo simulation,
feedback effects can be incorporated and stochastic properties can be
included. The major advantage, however, is the relative ease with which
matchmaking models can be integrated, for instance: matching individuals to
households; households to dwellings; individuals to jobs; work location
to that of the partner; or individuals, dwellings, and firms to their spatial
location and the transportation infrastructure.

Of major importance to this research programme is the direct link
between event-history analysis and microsimulation. This goes beyond the
fact that hazard models provide a form of parameterisation which can be
used directly in microsimulation and limit the use of large files with
conditional transition probabilities. A more pervasive link is that hazard
models contribute to solving the problem of the bias which occurs as a
result of the sequencing of events in the model, as hazard models allow
for simultaneous estimation of multiple events. The traditional solution,
reducing the simulation period, increases computational costs considerably.

A problem with microsimulation models is the internal inconsistencies
that occur when the various parts are put together. These inconsistencies
arise from unobserved restrictions on partial behaviour (Clarke and Holm,
1987). This indicates a major advantage and a major drawback of the
method. The advantage is that this shows that the whole is more than the
sum of its parts. The drawback is that no elegant solution to this problem
has been offered. The problem is more generally known as multiple-module
validation (Caldwell, 1991) and occurs in any simulation model (either micro
or multistate) that consists of multiple modules. Again, as I have indicated
above, event-history analysis can be used to develop a strategy that is
aimed at solving this problem. The starting point for the analysis is the
acknowledgement that the original hazard model suffers from unobserved
heterogeneity that arises from omitted covariates or unobserved restrictions.
Restrictions typically show up in the matchmaking modules of the micro-
simulation, because they arise from a change in arrival rates of opportunities
or a change in constraints imposed on the use of these opportunities (both
changes are typically not observed in partial modules). The strategy can be
sketched as follows.

The search for omitted variables should be guided by theoretical con-
siderations. Empirically, the reduction of the error term is a clear statistical
instrument in judging the performance of the single module, enabling the
researcher to evaluate which hazard model should be improved to reduce
inconsistencies in the microsimulation.

The search for omitted restriction can be done in two ways.
(1) If the data allow us to do so, the overall hazard rate describing search
behaviour should be split into its three components (search intensity, arrival
rate, and acceptance rate). By analysing temporal or regional variation one
can isolate each factor (the microsimulation model may be used to estimate
the arrival rate). This offers insight in the effect of a lower arrival rate
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on the total hazard rate. With this procedure it was shown that a lack of
housing opportunities impeded the household-formation process (Goetgeluk
and Hooimeijer, 1991).
(2) Even if the overall hazard rate cannot be split up one might trace the
effect of changes in the arrival rate on the overall hazard rate. Bonnerman
et al (1991) show that the reduction in the capacity of homes for the aged
has led to a restriction of access to these homes for younger senior citizens.
In their predictions the shape of the (age-specific) hazard function is adjusted
along these lines to meet the future number of opportunities to enter these
homes (again the arrival rate is estimated with the use of the simulation
model to calculate the number of places available as a result of the mortality
among inhabitants of these homes).

This heuristic approach to event-history analysis is therefore an important
instrument in incorporating restrictions beforehand in order to solve incon-
sistencies between modules. Microsimulation and event-history analysis are
complementary to such an extent that substitution is possible; the best parts
of both can be used. For instance, estimating arrival rates with the use of
microsimulation and incorporating hitherto unobserved dependencies in the
hazard functions seem workable.

2.6 Linking careers: model requirements
The complexity of spatial mobility of households arises from the fact that
there is a form of adjustment to either endogenous or exogenous change.
The development of hazard models taking residential relocation as a
dependent variable directly therefore involves a lot of heterogeneity. This
heterogeneity does not stem from the variety of events that may trigger
residential mobility, but because responses to these events might be different
for various segments of the population.

A basic handle to the understanding of the response to residential, job,
and partner opportunities is the commuting tolerance. The probability of
accepting an opportunity will be determined to a large extent on whether
this opportunity is within commuting distance, as this determines whether
the individual will enter a situation of spatial disequilibrium. The starting
point of this research programme should therefore be an analysis of the
variation in home-work travel time of individuals in spatial equilibrium
(not expressing desires to change place of work or of residence).

The next step is to test (assuming a spatially uniform distribution of
arrivals) whether the observed hazard of accepting a new dwelling or job
(the product of the search and acceptance rate) shows the distance decay
indicated by the commuting tolerance. The next step would be to use panel
analysis to analyse the effects of events which bring the individual into
spatial disequilibrium. Acceptance of a (new) partner might lead to a person
giving up his/her present home and even his/her present job. Acceptance
of a new home might lead to a person giving up his/her present job.
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Acceptance of a new job might lead to a person giving up his/her present
home and the present job by the partner of the individual. An exploratory
analysis should provide definite indications of the hierarchical decision rules
among various segments of the population. Proceeding in this way we can
make an attempt to analyse more formally the three-stage process of
search, arrival, and acceptance. This implies the availability of panel data
sets in which search and actual behaviour are included, and in which
contextual variables measuring arrival rates can be specified (for example,
spatial variation in job or dwelling vacancies).

The variation in commuting tolerance can be analysed by the use of
cross-sectional data (WBO, or the data on commuting from the EBB).
The interaction between events arising within various careers might be
analysed with the retrospective survey on households, labour, and residential
careers of the Telepanel data (a triple biography survey that has recently
become available in the Netherlands). Modelling the three-stage process
will not he possible in complete interaction. Longitudinal data on preferences
and search behaviour with respect to labour, housing, and partners are
simply lacking. However, partial analyses can be performed on data with
respect to search behaviour for separate careers.

3 A life-course approach to the behaviour of firms
3.1 Innovation and the life course of the firm
By concentrating on households, I have assumed that jobs and dwellings
are relatively fixed in space. Although this might hold to a considerable
extent for dwellings it has become less true for jobs. The locational behaviour
of firms has become increasingly dynamic. From traditional location theory
it is known that, in their locational behaviour, firms respond to the location
of the market, transportation infrastructure and costs, and the quantity,
quality, and costs of the labour supply. A key concept in this respect is of
course accessibility, to other firms, to the market, to inputs (including
labour) etc. Therefore, transport (including telecommunication) networks
are an important structuring element in the spatial development of firms.
However, just as with households, the location behaviour of firms is a means
to an end and the location can be regarded as a state in the development
of a firm.

The theoretical basis for this dynamic view on firm behaviour can be found
in the work of Schumpeter (1982), where innovations, initiated by entrepre-
neurs, are the driving force behind economic development. This view of the
economy is essentially dynamic, in contrast to the neoclassical general equi-
librium theory. An influential contribution in this respect is the book by
Nelson and Winter: An Evolutionary Theory of Economic Change (1982). A
complementary development in economic theory is game theory, which, in
conjunction with dynamic simulation of market behaviour (Williamson,
1985), can provide important insights into the behaviour of entrepreneurs in
an uncertain world (see also Danson and Lavercombe, this volume).
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Change is a key concept in the theories of market behaviour of firms.
An entrepreneur who introduces an innovation in the market has a potential
benefit over other entrepreneurs. If the innovation is successful, he/she
can make excess profits until the other entrepreneurs have adopted the
innovation as well and the market moves towards a situation of equilibrium.
The innovation can be of various kinds:

a product innovation (the introduction of a new product);
a process innovation (new ways of producing the same product);
an organisational innovation (a change in the organisation of the
production process).
These three types of innovations interact. Often the introduction of a

new product necessitates the creation of a new organisational structure
(for example, a new plant), or a new production process may cause the
firm to revaluate its present location. These examples make clear that
organisational innovation is especially relevant for analysing spatial mobil-
ity, as it may involve the spatial reorganisation of the firm. This `spatial
innovative behaviour' can take on various forms, for example, relocation of
the plant, subdividing an establishment into multiple units, etc. However,
this spatial reorganisation can only be understood as part of the changing
organisational structure of the firm.

Looking at this process from a longitudinal perspective some interesting
parallels can be drawn with the life course of households. The firm will
experience birth and death and it development in-between those events,
which can be characterised by change in firm size, mergers, splitting up,
etc. However, the lifetime may he rather short. In the Netherlands, only
67% of all firms that started in the final quarter of 1985 still existed three
years later. A longitudinal analysis of the development and location
behaviour of firms is very informative. Wever (1984) provides one of the few
examples of this approach in the Netherlands. Using (aggregate) cohort
data he followed new starts and was able to link their development with
changes in the regional production structure.

From a locational point of view the firm exists of one or more plants,
just as households exist of one or more individuals (the difference being
that plants are often located in different places). However, just as among
individuals in households, the relocation behaviour of the plant will be
dependent on the interactions within the larger organisation. Macrolevel
changes, like market dynamics, will involve the plant through the adjust-
ment in the organisation as sketched above. The life path of the plant is
partly determined by endogenous changes in the organisation, partly the
result of adjustment to a changing spatial structure (changes in accessibility
to clients, inputs, etc). A clear example of endogenous change is the effect
the new information technology has had on the spatial development of
banks in the Netherlands. It involves a sharp decrease in number of personnel
at the main offices and an increase in personnel at the local bank offices;
bringing services closer to their clients (de Vilder, 1991) but at the same
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time bringing work closer to their personnel. The example also shows that
technological innovations combining telecommunication and information
technology are not adopted to reduce the commuting time of employees.
A decentralisation of certain tasks to more remote areas (`telecottages') will
only be attractive if major wage differentials exist between urban and rural
regions. The use of this new technology can therefore only be understood
from the organisational behaviour and the economic activity of the firm.

By analogy, a similar search process as among households can be
derived for the locational behaviour of firms. The driving forces are the
three types of innovations mentioned above (the endogenous factors) and
changes in the (spatial) structure of the environment. Again these changes
will lead to a revaluation of the existing location (for existing firms) or a
scanning of possible locations for new firms (defining the search intensity).
The arrival of vacancies may be more complicated, as these can encompass
sites on which new plants can be erected or on which there are existing
office spaces. The acceptance rates will depend on characteristics of the
building and the accessibility with respect to inputs and clients.

Again it should be stressed that it might not be possible to distinguish
empirically, on the basis of data, between these three rates. Probably, even
more than among households, the underlying decision process can be used
as a heuristic of improving the hazard models which could be specified to
model relocation behaviour of firms.

A life-course approach to organisations is not new. This approach has
been taken already in organisational sociology by Hannan and Freeman
(1977; 1984; 1989) and in industrial organisation by Kamien and Schwarz
(1982). At this moment a field of research is emerging under the name of
the demography of the firm', or `firmography'. In the Netherlands the

collection of data on the demography of the firm started in 1985 (Ritzen
and van de Ven, 1990; Spranger, 1986; Willeboordse, 1986). Also in terms of
modelling this field is rapidly expanding in the Netherlands.

3.2 Model formulation
A spatial model of the firm should take into account the structure of the
decision process within the firm. According to Atsma (1983) there is a
distinction between financial decisions, which are taken at the corporate
level, and decisions pertaining to planning of the production process, which
are taken at the firm level. The spatial allocation of production factors is
endogenous to this decision process of the firm. This implies a two-level
approach to the modelling of the dynamic spatial behaviour of the firm.
In the first step hazard rate models can be specified to reflect the dynamics
of the firms in the data set. The basic model formulation is analogous to
the hazard rate models of the households. Again there are two levels of
analysis, the firms and the corporations. Firms experience transitions: birth,
deaths, mergers, demergers, takeovers, but also change in economic activity
and in size. Again the hazard model provides an efficient instrument
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to model instantaneous transition rates which might depend on various
covariates. The rates will be dependent on current and previous states,
defined in terms of economic activity, size, composition of the enterprise,
position within the enterprise, location and the number and composition of
other firms in the market, and context variables such as the rate of growth
for the economic activity as a whole.

In the second step the spatial allocation of the production process is
modelled. This entails the analysis of the decision process within the firm
with respect to the number of sites, the location of the sites, and the allocation
of the employees over the sites. Thus the model results in the spatially
disaggregated demand for labour, providing the linkage to the household
simulation. The number of employees is, in conjunction with the economic
activity, directly related to the amount of floorspace, which provides the
linkage to the land-use model. The type of economic activity is also directly
related to demand with respect to accessibility and is therefore linked to the
transportation model.

The two-level structure of the model is reflected in the data requirements.
First a detailed demographic description of the firm population and of the
events described above should be available. The data demands may seem
overwhelming. However, the collection of data on the demography of the
firm started in 1985. It is based on the General Business Register [Algemeen
Bedrijfs Register (ABR)]. These data will become available to researchers in
the years to come. At the present moment researchers rely on the LISA data
referred to earlier.

The present state of the art in firmography in the Netherlands is
reflected by a major project at the Netherlands Interdisciplinary Demographic
Institute, which has resulted in the development of a microsimulation model
(SIMFIRM) (Ekamper and van Wissen, 1994) of the (re)location of firms in
the Netherlands. Part of this project is the application of life-table analysis to
a synthetic cohort of firms, which enables the calculation of mortality rates
and life expectancies (Ekamper, 1994). An extension to this is the analysis
of the `carrying capacity' of firms, which links macroeconomic demand
patterns to the individual growth of firms by specifying the upper limit to
which a population of firms may grow. Mortality rates of individual firms
are specified not only on the basis of overall demand within a region but
also on the distance decay or transportation tolerance in the production
and delivery of various goods and services (van Wissen, 1996). A related
approach is the analysis of the role of entrepreneurship and spatial location
in the process of job creation and destruction (Gorter et at, 1996; Nijkamp
et at, 1992). The first steps towards a more comprehensive microsimulation
model have been taken. However, this relatively new field is certainly ham-
pered by complex issues such as definitional problems in various data sets,
by limited availability of data in general because of privacy considerations,
and by limited funding to date.
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4 Policy and planning
4.1 Microsimulation and spatial planning
As discussed by Birkin et al (this volume), the use of microsimulation in
spatial planning has been limited. The early approaches in microsimulation
were aimed at simulating income transfers between government and individ-
uals (Orcutt et al, 1962). The approach used to be static, as the purpose was
to provide an ex ante evaluation of the financial effects of changing eligibility
or the amount paid for social security benefits. Short-term projections could
be provided by reweighing the sample database with a distribution of an
exogenously generated forecast of some characteristics (Clarke and Holm,
1987). In the Netherlands a similar static microsimulation is used by the
Social and Cultural Planning Agency (SCP). The reason for the use of micro-
simulation in this context is twofold. The rules for allocating income transfers
to households are very complex and can therefore be evaluated best at the
individual level. Such evaluation would, however, be useless if it did not
result in population estimates. Microsimulation provides both.

This static approach is of limited use in spatial planning. First, the
spatial system is in relative equilibrium in the short run. Second, the poli-
cies rarely have a direct distributional effect on the population involved. A
notable exception to this is the provision of services. The recent discussion
on school closure in the Netherlands has been influenced by its effects on
the accessibility of lower education to pupils in rural areas. These effects
were estimated with the use of the static microsimulation developed by
Huigen (1986). This `Reach Simulation Model' (BSP) calculates whether
individuals can reach desired or necessary services depending on their
available time and the means of transport at their disposal. On the whole,
however, spatial policy affects the environment of the individual unit [by
imposing constraints (for example, by limiting site development) or offering
resources (for example, by providing infrastructure)) and not the unit itself.
Also the policy is mostly aimed at influencing the spatial distribution of
the individual units (households and firms) in the longer run. It is con-
cerned with the life path rather than the daily path. The dynamic aspects of
the system involved are more important than the static distribution.

A major advance in microsimulation modelling was the introduction of
dynamics into these systems. Again it was Orcutt who provided an early
example with the `DYNASIM' model (Orcutt et al, 1976). There are a num-
ber of reasons why dynamic microsimulation is now very relevant to spatial
planning, some of which were already referred to in section 1 (see also the
discussion by Clarke and Birkin et al, this volume). First, the renewed inter-
est in commuting focuses attention onto the individual spatial links in the
system. It is now acknowledged that influences on the life paths (locational
behaviour) of firms and households should also be evaluated on the basis
of the contribution of this policy to reduce commuting distances and traffic
generation (the daily path). In a supply-driven housing market, providing
new housing at locations close to concentrations of employment and
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restricting their access to those actually employed in the region could provide
a solution. In the present highly segmented housing and labour markets, with
a decreasing overall housing and job shortage, and in which many house-
holds have to combine one place of residence with two workplaces, things
have become more complex. Dynamic microsimulation offers the possibility
to integrate the daily path and the life path both of firms and of households
in a consistent way, including the interaction between the two.

Second. the increased reliance of the government on market processes
has led to a need for more profound insight into the market behaviour of
the participants. Spatial market behaviour is very heterogeneous and the
model should encompass the heterogeneity between various groups in the
spatial extension of their search areas. The job search area of a successful
academic is probably not limited to the Netherlands. For the low-skilled
worker, or the housewife looking for a part-time job, the search area might
he confined to the immediate vicinity. Spatial heterogeneity can be dealt
with very straightforwardly in any microsimulation approach.

Third, the emphasis on enabling strategies in spatial planning requires
insight into the response of the market to these strategies. Dynamic micro-
simulation has the extra advantage in that the effects of creating new
opportunities on spatial behaviour can be evaluated. In static microsimulation
this is restricted to the loss of existing opportunities in use (for example, the
loss of jobs).

4.2 The interaction between space and substance: land use, transportation, and GIS
To incorporate spatial constraints and opportunities we need to encompass
more than providing (spatial) coordinates both on work and on residence
location for each household in the microsimulation. What is needed is a
spatial accounting framework which links the various parts of the micro-
simulation model in space to each other and to other spatial information as
the quality and accessibility of the specific location.

One of the most basic aspects of GIS is that they provide the linkage
between several spatially referenced data sets which provide detailed infor-
mation on various qualities of a site, often derived through a combination of
very different sources. A more recent addition to GIS is the introduction of
networks, and network algorithms, which are of crucial importance in
calculating the accessibility of locations. The GIS can therefore provide two
kinds of information relevant to the research programme: information on
present and potential land use at a detailed spatial scale and an estimation
of search areas for jobs, for housing, for office space and catchment areas for
clients, for inputs, etc.

If the attributes and the accessibility of the location do not change, the
contribution of the GIS would be limited to providing this information at
the start of the programme. However, through the simulation of moves of
households and firms, the births and death of firms and households, etc
(aggregate context), the microsimulation itself changes the spatial structure.
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Also the structural spatial context is changing rapidly (for instance by
changes in transportation infrastructure). The GIS will be needed to calculate
the spatial impact of these changes at regular intervals. The integration of
model approaches and GIS is still in its infancy, although many have stated
that they would make the perfect couple (Birkin et al, 1996). The addition of
modelling software to the systems directly seem to be clearly favourite among
many modellers. This might be true for a number of narrowly defined
analytical model tools, but it would certainly be naive to expect GIS source
codes to be stretched to incorporate rather complex microsimulation models.

The present situation, in which most GIS make a distinction between
topological and attribute data, should provide the interface to link the GIS
and the microsimulation, as the microsimulation does not change the topo-
logical information but will interact with the attribute information. The
dividing line between the GIS and the microsimulation might, however,
prove dynamic in the future. New forms of representation of data in GIS in
the form of object-oriented databases are being developed.

This approach is radically different from the present layer-oriented
GIS. In the present configuration the various attributes tables are connected
with thematic geometric layers which are combined at a later stage with the
use of overlays. In the object-oriented approach topological and attribute
information are combined together with operations pertaining to classes of
objects. This has two advantages. First, because of the hierarchical nature of
the organisation of objects in the database, data operations can be performed
much more intelligently and flexibly. Second, there is the possibility to
include the behaviour of objects within GIS, paving the way to implementing
(parts of) model structures.

However, for the present purposes of this research, a GIS that employs
an external relational database management system provides a better starting
point, as the development of object-oriented GIS is still in its infancy. In due
course the potential of object-oriented GIS in conjunction with a similar
development of object-oriented programming in microsimulation (Holm,
1991) should be further investigated. Promising avenues are opening up
with the introduction of GIS modules that allow for interactive dynamic
management of topological and functional data relations and automated
database restructuring to maintain the integrity of the databases (for instance:
Intergraph-MGE Dynamic Analyst).

4.3 The land-use and transportation model
At the GIS centre of the University of Utrecht two lines of research have
been developed which may serve as a starting point for a more elaborate
land-use and transportation model. The first line is the development of
`location scanning' techniques with the use of GIS (Geertman and Toppen,
1990). This encompasses the use of GIS-information technology for the
support of spatial planning and, in particular, the search for suitable locations
for some potential land use on the basis of predefined criteria. The second
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line is the incorporation of network algorithms into GIS, in particular to
calculate impedance functions in terms of distance, travel time, or travel costs
(Ritsema-van Eck and de Jong, 1990). Both lines were used in an application
funded by the National Physical Planning Agency (Rijksplanologische Dienst,
RPD) to evaluate possible locations for the construction of housing in the
Randstad (Geertman et al, 1993; Geertman and Ritsema-van Eck, 1995).
One of the criteria in the search for areas is the travelling time to concen-
trations of employment (operationalised as city and town centres, industrial
areas, and office parks in all municipalities with over 5000 employees).

The purpose of the land-use and transportation model should be wider
than developing a GIS that supports the larger research programme (see also
the research programme of Wegener and Spiekermann, this volume). It
should be developed to provide information, with the use of GIS technol-
ogy, on present, but also potential, land use in a format which is relevant
to the microsimulation model. The locational analysis, which is part of the
determination of potential land use, is a part of the project. The strategy
also involves two basic cartographic scales. The basic map is the 1 km' grid
map of the Randstad (the provinces Noord-Holland, Zuid-Holland, Utrecht
en Flevoland) in vector representation that has also been used in the Ruimte
voor de Randstad project. The present database of attribute information
should be greatly enhanced with respect to detail on commercial property
and dwellings, as these are the important links to the households and firms
in the microsimulation. The second map is the road map of the same area,
which provides enough detail to link each grid to the network (at least one
node per grid cell), including attributes on the length of each segment,
average speed per kilometre etc, and a comparable map with respect to
public transport.

The basic task of the GIS in the larger programme is to calculate search
areas based on the impedance (measured both in ' ime and preferably in
costs) for various modes of transport. Algorithms with respect to shortest
path analysis should therefore be part of the GIS. Impedance should be
measured both ways (from -to and to-from impedance) at two moments in
the day (early morning and late afternoon).

The algorithm to define search areas should be very general and allow
for analysis that can produce output for microsimulation. The first type of
information is relevant to the households, providing all the grids which are
accessible within various limits of commuting time and costs from any fixed
residence or work location. The second type of information is relevant
to firms, providing the number of employees and other inputs, potential
clients within various travel times from a site location (catchment areas).
As commuting costs and time and the distribution of firms and employees
are dynamic, the GIS should allow for a regular update (for example, twice
a year) of this information.

The second task of the model is to identify potential sites for the
development of new commercial property and dwellings. This does not
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necessarily include the search for `optimal' locations. An inventory of
`acceptable' locations on the basis of a number of criteria will probably
suffice. As the micros imulation generates demand for various sites of
development, a very relevant extension would be the reaction of the supply
side to this demand. This clearly takes us outside the realm of any GIS
application. It would involve the generation of a land development mode]
outside the GIS system with the use of information on building costs,
planning regulations, finance etc.

We can perform a number of the analyses described above using the
present algorithms developed at the local GIS centre. Relevant extensions
involve the flexible definition of search areas and catchment areas. The
second relevant extension includes the communication with the (external)
microsimulation model. It will be necessary to modify the present GIS
(Genamap; Genasys Ltd, Manchester) to allow both systems to address
and update a joint database which is the basic means of communication
between the two. In the course of the programme alternative data structures
(object oriented) will be considered.

Most of the topological information is available in digitised format at
the local GIS centre. A major extension is the enhanced data on real estate
property. The RPD and the Directorate-General of Housing are the owners
of a number of databases that have a lot of geographical detail (for
instance the BARS- Basisbestand Ruimtelijke Structuren, which provide
detailed land-use and infrastructure information). Not all of this informa-
tion is available at the desired level, but practically all is available at the
municipal or lower level.

5 Conclusion
Large-scale urban models have not died, despite Lee's requiem (1973).
However, it should be acknowledged that much of his criticism was correct
and is still valid for many of our present-day models. In particular the
lack of theoretical foundation, methodological rigour, and the complexity of
the comprehensive model (combined with the coarseness of its parts) were
and are serious weaknesses of many model attempts. In this chapter an
ambitious research design has been sketched, which covers a lot (but not
all) of the ground that is the traditional territory of integrated urban models.
The design can also be seen as an attempt to avoid the pitfalls of large-scale
models.

It has not been my intention to present a `grand theory' of urban
dynamics. The more limited goal is to specify a single unifying framework
to model the spatial mobility both of households and of firms. This unifying
framework encompasses both the conceptual underpinnings and the
methodology to handle the complexity of behaviour that arises from the
interaction between the individual decision unit and its wider spatial context.
In summarising the argument, I have stated that the life-course perspective
offers a sound conceptualisation of human behaviour by putting this in
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the proper longitudinal perspective. The life course is defined as a set of
careers with respect to various life domains such as work, housing, family,
etc. Spatial mobility is instrumental behaviour that links the activities and
progression in each career. Daily mobility, for instance commuting, organises
day-to-day life in overlapping spatial networks of activities of the members
of a household. Daily mobility involves (out-of-pocket) costs in time and
money on travel or transportation. Lifetime mobility or relocation behaviour
(residential moves. changes in workplace, partner changes) reorganises these
networks, and therefore always requires complementary decisions with
respect to daily mobility. Lifetime mobility involves capital costs in terms of
location-specific investment. Each of the life domains may trigger or restrict
the daily and lifetime mobility of individuals. The basic understanding
at the microlevel can be found in these interactions between the careers of
the individual and his/her household members. A similar argument was
developed for the spatial behaviour of firms. Again (re)location (lifetime
mobility) and transportation (daily mobility) of inputs and outputs are seen
as instrumental behaviour in reaching the goals of the organisation. The
dynamics are not conceptualised as a set of careers but as innovations with
respect to products, processes, or organisation of the individual firms, that
call for a reorganisation of inputs and outputs that determine the chances of
growth and survival for the firms. This part of the conceptualisation process
refers to the basic interactions within the individual decisionmaking unit.

The second interaction to be defined is the interaction between the
individual and his/her wider context. It has been argued that markets provide
the basic link between individuals and their context. For households three
markets have been defined that correspond to the three life domains: the
housing market, labour market, and partner market. Any behaviour with
respect to each of the careers have been defined as the outcome of market
search, and a triple decision model has been sketched in which transactions
on a market are dependent on the intensity of the search, the arrival rate
of accessible opportunities, and the decision to accept an opportunity. For
firms these interactions are slightly more complicated, as firms will be
active on various markets, both with respect to their inputs and their
outputs. Distance decay and travel or transportation tolerance will define
the spatial extent of the relevant context, restricting market search to specific
areas dependent on the type of market. At the regional level, this leads to a
conceptualisation of spatial mobility both in terms of travel or transportation
and in terms of relocation as the basic mechanism that clears the land,
labour, and housing market both for households and for firms.

The third interactions that have been defined are between substance
and space. From the above it is clear that individuals and markets are
localised in space because of past patterns of investment in land use and in
transportation networks that facilitate lifetime and daily mobility. An
essential ingredient is that space is continuous rather than an amalgamation
of various zones or regions. From the point of view of the individual
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household or firm each occupies a unique position in space, having unique
networks of activities on a variety of markets. Zones are meaningless at
this level. Only at the aggregate level does zoning appear as a result of
the overlap of the networks and market search areas of many individual
decisionmaking units. A single urban field is therefore a construct having
little bearing in reality. The size and form of the actual area within which
transactions take place will depend on the type of decisionmakers, type of
market, and the distance decay in the specific transaction. The interaction
between substance and space is heterogenous by definition and does not
allow for any a priori zoning.

This conceptual framework, involving these three interactions, would
be useless without an appropriate methodology to link these theoretical
constructs to real-world phenomena. In this contribution, three innovations
in spatial analysis have been put forward to model the three interactions
mentioned: event-history analysis, microsimulation, and GIS. Event-history
analysis is a generic term that covers a whole class of hazard models,
aimed at uncovering the determinants of the occurrence of an event. The
models are the appropriate methodology to study the interaction of careers
which develop as a result of transitions from one state to another, for
instance job change, partner change, or residential moves. This methodology
has the correct specification because it allows the analysis of longitudinal
data through the incorporation of time-varying determinants of behaviour,
solving the problem of a dynamic population at risk of experiencing an event.
Event dependence across careers, for instance the necessity of a residential
move of at least one of the partners in the case of union formation, can be
part of the model. Because of its longitudinal specification, time lags and
anticipations can enter the analysis.

In the study of spatial mobility, event-history analysis can be applied in
two ways. The first is a direct analysis of overt behaviour such as union
formation, residential relocation, etc. However, it has been argued that
behaviour arises from the interaction of the individual and their environ-
ment. Behaviour is the outcome of the acceptance of an opportunity (a job,
a dwelling, a partner, an office, an industrial site) that arises within the
relevant market. The arrival of an opportunity is not part of the decision-
making process of the individual, but is often an unintended effect of
decisions made by others (firms that move to another office usually do not
do so to create a vacancy on the real estate market). The second application
of event-history analysis is therefore to estimate the acceptance rate given
that an opportunity has arrived, but it cannot be used to estimate the
arrival rate.

Microsimulation is the appropriate methodology to model multiple
markets. Individuals will be active on the housing, labour, and partner
market. Firms are not only active on the market where they sell their products
but also with respect to input, such as labour, capital, real estate, etc.
The crucial aspect of market behaviour that calls for simulation models is
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the unintentionality of a lot of the supply (or demand) on various markets.
Job creation is the unintended outcome of the profit-maximising behaviour
of firms. Vacancy creation on the housing market is the unintended
outcome of moves to another dwelling by a particular household. Goal
achievement of one household will therefore depend on the unintended out-
comes of the behaviour by other households or organisations (see Birkin et al,
this volume). Search behaviour in one market can lead to opportunity crea-
tion in other markets. These complex links between markets can only be
modelled consistently by the use of microsimulation models.

GIS offer a tool to represent space in its actual continuous form and
to provide a direct link to the two types of spatial mobility of households
and firms. The first of these is lifetime mobility which is accompanied by
investment in locations, for instance buying a house (both in monetary
and in psychological terms). The second is the daily mobility along trans-
portation networks. Past and new patterns of investments show up as the
built environment in detailed maps, localising the arrival of opportunities
both on the housing and on the labour market. By combining GIS with
microsimulation models, search areas on any market can be defined. Micro-
simulation models therefore provide the basic link between the behaviour
of individuals and the spatial form of society, from which interaction,
spatial mobility, and urban dynamics arise.

The central idea of this chapter has been that, by combining these three
methodologies (event-history analysis to parameterise behaviour, microsimu-
lation to link this behaviour to opportunities on markets, and GIS to localise
opportunities and behaviour), a powerful comprehensive model develops.
The relevance of such an instrument for spatial planning needs hardly to be
elaborated. Spatial planning is not aimed at changing the preferences of
individual households or firms. It will always take the form of structuring
space to enable or restrict behaviour. By mapping zoning regulations or
investment in infrastructure into a GIS and linking this to the behaviour
of individual persons or organisations by means of microsimulation an
ex ante evaluation of the proposed policies comes within reach. This is the
basic rationale for the construction of integrated urban models. Wegener
and Spiekermann develop the idea of microsimulation and integrated models
later in this volume.
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